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Foreword 


The Federal Government, through the Minerals Yearbook and its predeces- 
sor volumes, has reported annually on mineral industry activities for 95 
years. This edition discusses the performance of the worldwide mineral 
industry during 1976. In addition to statistical data, the volumes provide 
background information to assist in interpreting the year's developments. 
Content of the individual volumes follows: 

Volume I, Metals, Minerals, and Fuels, contains chapters on virtually all 
metallic, nonmetallic, and mineral fuel commodities important to the 
domestic economy. In addition, it includes a general review chapter on the 
mineral industries, a chapter on mining and quarrying trends, and a 
statistical summary. 

Volume II, Area Reports: Domestic, contains chapters on the mineral 
industry of each of the 50 States, the U.S. island possessions in the Pacific 
Ocean and the Caribbean Sea, and the Commonwealth of Puerto Rico. This 
volume also has a statistical summary, identical to that in Volume I. 

Volume III, Area Reports: International, contains the latest available 


mineral data on more than 130 foreign countries and discusses the importance 


of minerals to the economies of these nations. À separate chapter reviews the 
international minerals industry in general and its relationship to the world 
economy. 

The Bureau of Mines continually strives to improve the value of its 
publications to its users. Therefore, the constructive comments and sugges- 
tions of readers of the Yearbook will be welcomed. 


Roger A. Markle, Director 
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Review of the Mineral 
Industries 


By Barry W. Klein, i David C. Huttenlock, Mary Ann Good, and 
Kenneth P. Hanks: 


The U.S. economy was considerably 
Stronger in 1976 than in 1974 or 1975. Real 
gross national product (GNP) rose sharply 
in the first quarter of 1976 and then increas- 
ed at a more moderate rate for the remain- 
der of the year. The unemployment rate fell 
until June and then increased for most of 
the remainder of the year, finishing at the 
same rate as it had started the year. The 
inflation rate continued to decline in 1976. 
Reasons for the relatively low rate (com- 
pared with those of 1974 and 1975) included 
small increases in food prices and only 
moderate increases in energy prices. 

Total U.S. output measured in terms of 
GNP increased 11.6% in 1976. Real GNP in 
1972 constant dollars rose 6.2%. Inflation as 
measured by the implicit price deflator 
increased 5.1%. In real terms, gross pri- 
vate domestic investment for residential 
structures rose 22.7% in 1976 after declin- 
ing 14.7% in 1975; State and local Govern- 
ment expenditures increased 1.4% in 1976; 
and personal consumption expenditures for 
services rose 4.090. The Federal Reserve 
Board (FRB) index of industrial production 
increased 10.2%. 

In 1976 the unemployment rate dropped 
to 7.7%, declining from a 34-year high in 
1975 of 8.5%. The number of people employ- 
ed rose during the year at a greater rate 
than the increase in the total labor force, 
causing the fall in unemployment. The 
unemployment rate began and ended the 
year at 7.8%, declining to a low of 7.3% in 
May. 

The consumer price index (CPI) rose 5.896 
in 1976, much less than in 1974 or 1975. 
Contributing to the small increase in the 
CPI relative to proceeding years was the 
decline in food prices in the first part of 
1976, and an increase of only 3.1% for 


the year as a whole. Energy prices also 
dropped in the first part of 1976, largely as a 
result of removal of the tariff on oil and the 
initial price rollback stipulations of the 
Energy Policy and Conservation Act. All 
nonfood commodities rose 5.0% for the year. 
The wholesale price index rose at the mod- 
erate rate of 4.6% in 1976. Farm products 
and processed foods and feed declined 0.6% 
(farm products by themselves rose 2.490), 
and industrial commodities increased 6.892. 
As noted above, the implicit price deflator 
rose 5.1% in 1976. 

U.S. monetary policy in 1976 changed 

little from that in 1975. Faced with contin- 

uing high unemployment and relatively 
high inflation, the FRB sought to help 
create financial conditions that would facili- 
tate a sustainable economic recovery while 
at the same time tending to lower inflation. 
The money supply MI, defined as currency 
plus demand deposits, grew 5.8% in 1976 up 
from 4.196 in 1975. M2, defined as M1 plus 
time and savings deposits, rose 11.3% in 
1976 as compared with 8.596 in 1975. 

Fiscal policy in 1976 attempted to main- 
tain the same amount of stimulus as in 1975 
for a moderate, sustained expansion of the 
economy. However, fiscal policy uninten- 
tionally became less expansionary in the 
first half of 1976, when expenditures were 
less than expected while receipts remained 
near predicted levels. The deceleration in 
Federal expenditures, which continued the 
shift away from defense and toward domes- 
tic programs in 1976, was primarily a result 
of much smaller increases in transfer pay- 
ments to individuals and grants-in-aid to 
State and local Governments. 

U.S. imports were estimated to be $14.2 


Economist, Division of Economic Analysis. 
*Statistical assistant, Division of Economic Analysis. 1 
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billion higher than exports in 1976. Imports 
exceeded exports for fuels by an estimated 
$29.1 billion and for minerals and metals by 
$4.4 billion. Exports of manufactured pro- 
ducts and agricultural products were an 
estimated $16 billion and $12.5 billion 
greater than imports, respectively. 

Federal activities in areas that. affected 
the mineral] industries in 1976 included 
both continuing and special actions. The 
Federal Government enacted legislation 
making the first major revision of the tax 
code in 7 years and continued to take 
actions to fight inflation. The subjects of 
mineral-related laws passed in 1976 includ- 
ed energy, the environment, water, public 
lands, health and safety, taxes, tariffs, and 
transportation. Energy legislation was aim- 
ed, among other things, at increasing U.S. 
energy supplies and conserving oil and gas. 

Bureau of Mines research programs in 
1976 continued to be directed toward im- 
proving mineral technology leading to more 
efficient, less costly extraction; improving 
the health and safety of miners; increasing 
the recovery of secondary resources; and 
minimizing environmental degradation. 

Total energy use in the United States rose 
4.8% in 1976, in contrast to decreases in 
1974 and 1975. As a result of increased 
economic activity and colder weather, con- 
sumption increased for all energy sources 


except hydropower, which declined due to 
the Western drought. The household and 
commercial sector showed the greatest in- 
crease of all major consuming sectors. Pe- 
troleum (including natural gas liquids) con- 
tinued to be the Nation’s largest energy 
source, accounting for 47.2% of consump- 
tion. 


In 1976, the mining industry continued to 


face environmental regulation problems 
and higher employment, capital, and oper- 
ating costs. Cost increases, in some cases, 
have not been as high as in previous years. 
Also, firms tried to reduce adverse effects 
through improved operating methods and 
better cost controls, and less frequently by 
curtailing operations. Certain industries, 
such as lead and aluminum, showed consid- 
erable market strength, while others, 
including zinc and copper, were weak. 

The world economy continued to recover 
in 1976 from the 1974-75 recession, which 
had been the worst downturn in the post- 
World War II era. The recovery was largely 
a result of economic expansions in the 
United States, West Germany, and Japan. 
Inflation rates remained high in the face of 
considerable excess productive capacity and 
stable or, in some cases, increasing unem- 
ployment rates; inflation was, however, 
somewhat below that of 1974 and 1975. 


SOURCES AND USES 


ALL MINERALS 


Production.—Domestic crude mineral 
production in 1976 was valued at $69.2 
billion, an increase of 1196 compared with 
1975. Metals production rose 1796, non- 
metals increased 1196, and mineral fuels 
advanced 10%. In constant 1967 dollars 
total crude mineral output increased just 
under 1% to $24.8 billion; metals increased 
8.3%, and nonmetals rose 5.4%, but mineral 
fuels declined 1.6%. Shifting back to cur- 
rent dollars, exports of mineral raw mate- 
rials declined 8.5% to $4.3 billion, and crude 
mineral imports, over 90% of which consist- 
ed of fuels, increased 34.2% to $30.5 billion 
in 1976. | 

The FRB index of industrial production 
(1967 --100) for all industries rose 9.8% in 
1976 to 129.4 index points. The average for 
all mining increased 1.2% to 114.1 index 
points. The average index of production for 


metal, stone, and earth minerals rose 9.3% 
to 120.1 index points. The metal index rose 
6% and the stone and earth minerals index 
increased 10.6%. The average index of pro- 
duction for coal, oil, and gas increased 6.6% 
to 112.8 index points. Individual fuel in- 
dexes changed in a mixed pattern: Coal rose 
396, crude oil declined 396, and natural gas 
decreased 1.6%. 

In the manufacturing sector, production 
of metals and nonmetals, as shown by the 
FRB index, rose significantly in 1976. The 
primary metals index rose 12%, the iron 
and steel index rose 996, and the nonferrous 
metals and products and clay, glass, and 
stone products indexes both increased more 
than 15%. 

The FRB monthly index for all mining 
during January was 118.6 index points, a 
6% increase over the previous month in 
1975. The all mining index decreased to a 
low of 112.5 index points in July, then 
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Figure 1.—Value of raw mineral production, exports, and imports. 
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Figure 2.—Indexes of physical volume of mineral production in the United States, by 
group. 


4 MINERALS YEARBOOK, 1976 


350 


Overall average 
Average,all metals 
[  ] Average, nonmetals 
ΠΗ͂ Average fuels 


300 


250 


Š 


INDEX, 1967 -100 


50 


969 1970 


968 


967 


1971 1972 1973 


Figure 3.—Indexes of implicit unit value. 


increased to 114.4 points in August. There 
was a continued increase for the remainder 
of the year finishing at 116.2 index points in 
December. The coal, oil, and gas index 
followed the same general trend; coal, 
although it vacillated due to strikes in the 
middle of the year, increased 13% over the 
12-month period, ending the year at 125.9 
index points in December. The oil and gas 
extraction total index followed the general 
trend of all mining while the crude oil index 
started at 94.8 index points in January and 
decreased to 91.5 index points by December. 
The metal, stone, and earth minerals and 
the metal mining index declined in the first 
half of the year, the lowest point being 
reached during June after which the index 
recovered to have an overall increase for 
the year. Metal mining increased a total of 
7% for the year while stone and earth 
minerals increased by 0.7% for the year. 
The net supply of most principal nonfuel 
minerals increased in 1976. The net supply 
pattern was mixed for the ferrous metals 
category. The largest increase within this 
category was 77% for cobalt followed by 
20% for molybdenum, and the largest 
decline was 12% for tungsten. Iron ore fell 
1.4%, but pig iron increased 9.3%, and steel 
ingot increased 9.8%. Nickel rose 1.8%, 
chromite declined 2.690, and manganese 
declined 7.1%. The net supply of all nonfer- 
rous metals, except for tin and ilmenite and 


slag, increased (excluding metals for which 
data were not available) Cadmium in- 
creased 1006 and uranium concentrate 
rose 5446, but both of these high percentage 
increases reflect relatively low base figures. 
Platinum-group metals increased 45.196 
and zinc rose 30%. Copper, antimony, and 
mercury showed increases in the range of 
16.7% to 22.4%. Aluminum increased 14% 
and lead rose 11.5%. Tin declined 3.6% and 
ilmenite and slag declined 3.2%. The net 
supply of all but three nonmetals increased. 
Asbestos increased 20.696, followed by pot- 
ash at 20.3%, and gypsum at 14.8%. Sand 
and gravel, common salt, and crude barite 
increased in the range of 9.6% to 12.1%. 
Bromine and clays increased 7.9% and 7.7% 
respectively. Phosphate rock and talc and 
allied minerals rose 6.5% and 4.7%, re- 
spectively. Sulfur increased 1.6%, mica 
experienced no change, crushed stone de- 
clined a negligible amount, and finished 
fluorspar showed the only significant 
decline at 9.3%. 

Stocks and Government Stockpiles.— 
Stocks of crude nonfuel minerals at primary 
producers at yearend as shown by Bureau of 
Mines indexes (1967-- 100), increased for all 
but one category in 1976. The total index 
rose 11.9%, the crude metals index increas- 
ed 12.1%, and the crude nonmetals index 
increased 11.7%. Within the metals sector, 
the iron ore index rose 13.7%, the other 
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ferrous index declined 13.5%, and the non- 
ferrous index showed the largest increase of 
any category at 29.1%. Stocks at mineral 
manufacturer, consumer, and dealer loca- 
tions as illustrated by Bureau indexes, un- 
like those stocks held by primary producers, 
declined for all categories except one in 
1976. The overall index dropped less than 
1%, the metals index declined 1.5%, and the 
nonmetals index decreased 7.7%. Within 
the metals sector, the iron stock index 
increased 8.6%, base nonferrous declined 
less than 1%, other nonferrous fell 4.5%, 
and other ferrous showed the largest 
decline at 15.962. 

Producer stocks of bituminous coal and 
lignite increased 5.2% during 1976; coke 
increased 29.8%, the largest increase for the 
reported 1976 stocks. Natural gasoline, 
plant condensates, and isopentane stocks 
increased by 10.1%, and crude petroleum, 
by 5.2%. Other physical stocks that increas- 
ed in 1976 were special naphthas at 1.596 
and the other products category, under 
crude petroleum and petroleum products, at 
2.1%. The overall category of crude petro- 
leum and petroleum products decreased 
1.9% and within this category petroleum 
asphalt had the greatest decline at 15.0% 
followed by the distillate fuel oil stock down 
10.9%; liquefied gases decreased 7.1%; resi- 
dual fuel oil down 2.460 and the motor 
gasoline stock down 1.5%. Also down for 
1976 were the carbon black stocks at 7.8% 
and the natural gas category at 3.796. The 
overall trend showed coal and related pro- 
ducts with increased physical stocks and the 
petroleum and related products, in general, 
with decreased stocks. 

The seasonally adjusted book value of 
product inventories increased for all se- 
lected mineral processing industries during 
1976. Petroleum and coal products rose by 
9.990 to $5,148 million as of December 1976. 
Stone, clay, and glass products increased by 
995 to $4,194 million. Inventories of total 
primary metals rose 11.6% to $17,329 mil- 
lion. Blast furnace and steel mill invento- 
ries rose by 2096 to $10,179 million, the 
largest increase of any category. All other 
primary metals increased 1.5% to $7,150 
million. The total seasonally adjusted book 
value of inventories for selected mineral 
processing industries rose 10.7% to $26,671 
million during 1976. 

The U.S. stockpile of strategic and critical 
materials continued to represent a signifi- 
cant portion of the Nation’s mineral supply 


in 1976. Minerals in the stockpile as of 
yearend 1976 that had high total values 
included antimony, bauxite, chromium, co- 
balt, industrial diamond, fluorspar, lead, 
manganese, platinum-group metals, silver, 
tin, tungsten, and zinc. 

Exports.—The total value of selected 
minerals and mineral products exported in 
1976 decreased 7%. Exports in all but two 
sectors declined. Exports of crude nonmetal- 
lic minerals fell 11.2%; those of crude and 
scrap metals decreased 5.396; mineral ener- 
gy resources and related products declined 
5.9%; and manufactured metals dropped 
18.190. Iron or steel tubes, pipes, fittings, 
the largest export value in the manufac- 
tured metals category, declined 45%. Those 
sectors that showed higher export values in 
1976 included chemicals which increased 
17.596 and manufactured nonmetallic min- 
erals which rose 10.692. 

The geographical distribution pattern, 
based on value, for most selected mineral 
exports was similar in 1976 to that in 1975. 
There were, however, some important ex- 
ceptions. In the case of nonferrous metal 
scrap, the share of exports to noncentrally 
planned Europe, declined from 49% in 1975 
to 37% in 1976 while that of noncentrally 
planned Asia rose from 34% to 47%. The 
distribution of exports of uranium and tho- 
rium ores and concentrates shifted slightly 
away from noncentrally planned Europe, 
which dropped from 100% to 86%, and to 
North America, which rose from zero to 
14%. The share of iron and steel hoop and 
strip exports to North America decreased 
from 43% to 32% and those to noncentrally 
planned Europe rose from 29% to 48%. 
The distribution of silver, platinum, and 
platinum group metals exports shifted 
away from noncentrally planned Europe 
which declined from 63% to 29% and to 
noncentrally planned Asia which increased 
from 15% to 51%. The change in the pat- 
tern of lead and lead alloys exports was a 
shift away from noncentrally planned Eu- 
rope, which decreased from 65% to 19%, 
and to both North America, which rose 
from 1396.to 48%, and noncentrally plan- 
ned Asia, which increased from 7% to 17%. 
The distribution of exports of uranium and 
thorium and their alloys shifted away from 
noncentrally planned Asia, which declined 
from 34% to 4%, and to North America, 
which rose from 26% to 59%. 

Imports.—The total value of selected 
minerals and mineral products imported in 
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1976 increased 24.500. Imports increased in 
all sectors: Crude nonmetallic minerals rose 
5.4%; crude and scrap metals increased 
14.6%; and mineral energy resources and 
related products increased 28.5%. Imports 
of chemicals increased 53.9% and within 
this category radioactive and associated 
materials except uranium and thorium in- 
creased 237.2%. Both manufactured non- 
metallic minerals and manufactured 
metals increased 10%. 

The geographical distribution pattern, 
based on value, for almost all selected 
mineral imports in 1976 was similar to that 
in 1975, though there were several signifi- 
cant exceptions. The share of imports of 
mica, including scrap, supplied by North 
America decreased from 16% to zero and 
that supplied by noncentrally planned Asia 
decreased from 72% to 5196, while that 
from South America rose from 6% to 31%. 
The distribution of crude barite imports 
from North America and South America 
declined from 27% to 15% and from 3396 to 
20%, respectively, and that from noncen- 
trally planned Europe increased from 24% 
to 459v. Imports of columbium ores and 
concentrates from South America declined 
from 60% to 39%, from noncentrally plan- 
ned Asia declined from 22% to 4%, and 
from North America increased from 1% to 
32%. The distribution of lead waste and 
scrap imports shifted away from North 
America, which supplied 37% of U.S. im- 
ports in 1976 compared with 98% in 1975, 
and to South America, which supplied 44% 
in 1976 compared with nothing in 1975. 

Consumption.—In 1976 consumption of 
most major mineral products increased and 
the few that declined, fell by small amounts 
with one exception. Most ferrous metals 
showed significant increases. Iron ore and 
raw steel consumption each rose 9.9%. 
Metallurgical-, refractory-, and chemical- 
grade chromite ores gained 12.2%, 10.4%, 
and 24.7%, respectively, the last gain being 
the largest increase of any ferrous metal. 
Tungsten consumption increased 15%, mo- 
lybdenum decreased 2.5%, and manganese 
declined 12%. Consumption of all major 
nonferrous metals increased. Apparent con- 
sumption of aluminum rose 31.1%, refined 
copper consumption increased 29.8%, and 
primary mercury showed the largest in- 
crease of all major mineral products at 
40.5%. All classes of zinc rose more than 
25%, followed by platinum-group metals at 
22.5%, ilmenite and titanium slag at 19.7%, 
and primary antimony at 18.1%. Primary 


and secondary lead consumption rose 
14.9%; estimated purchases of uranium by 
private industry, 12%; and silver for indus- 
try and the arts, 8.2%. Consumption of all 
nonmetallic minerals increased except for 
crushed stone which declined a negligible 
amount. Within the nonmetallics sector 
apparent consumption of potash showed the 
largest increase at 20.3%, followed by 
asbestos at 19.4%. Sand and gravel con- 
sumption rose 12.2%, salt increased 10.8%, 
and that of clays gained 7.7%. Lime and 
cement each increased 5.7%, all forms of 
sulfur rose 1.6%, and phosphate rock in- 
creased a negligible amount. 

Total energy resource inputs in terms of 
British thermal units (Btu) rose 4.9% in 
1976. Consumption of bituminous coal and 
petroleum including natural gas liquids in- 
creased significantly while natural gas in- 
creased slightly and anthracite remained 
unchanged. Total net electricity generation 
increased and within the utilities sector, 
nuclear showed the largest increase follow- 
ed by conventional fuel-burning plants; hy- 
dropower declined. Generation of industrial 
electricity increased slightly. 


ENERGY 


Energy use rose in the United States in 
1976, reversing a 2-year decline. The 4.9% 
increase compared with 1975 was largely 
attributable to a higher level of economic 
activity and colder weather. Net imports of 
all fuels rose 24.3% compared with 1975; 
net imports of crude petroleum and petro- 
leum products increased 21.4% over 1975, 
accounting for 40.6% of the estimated 1976 
petroleum demand. Consumption on a Btu 
basis rose in 1976 for all fossil fuels, but 
declined for hydropower because of the 
Western drought. Per capita energy use 
increased 4.1% compared with 1975. The 
ratio of energy consumption to GNP in 1976 
continued to follow the decline that began 
in 1971. This decreasing ratio indicates that 
the U.S. economy is using energy in a more 
efficient way to create GNP. 

Production.—Total energy equivalent in 
Btu’s obtained from mineral energy re- 
sources produced and from hydroelectric 
and nuclear power continued to decline 
slightly in 1976. The total was nearly 60,000 
trillion Btu. Energy obtained from bitumi- 
nous coal and nuclear power increased 
while that obtained from petroleum, hy- 
droelectric power, and natural gas decreas- 
ed. Natural gas continued to be our largest 
source of energy, accounting for 36% of the 
total. 
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Consumption.—U.S. energy consumption 
in 1976 increased 5% to 74,000 trillion Btu, 
nearly reaching the 1973 level. This in- 
crease came mainly from the use of bitumi- 
nous coal and petroleum products. Natural 
gas, the other large source of energy con- 
sumption, increased only slightly. 

The consumption of energy resources in 
1976 by sector was 29% by the industrial 
sector, 26% by transportation, 25% by 
household and commercial, and 19% by 
electric utilities. Petroleum, the major 


source (4796) of all energy, accounted for 


nearly all of the energy in the transpor- 
tation sector, 29% in industrial, 3496 in 
household and commercial, and 24% in 
electric utilities. 

Coal.—The domestic supply of bitumi- 
nous coal and lignite in 1976 increased 7.496 
to .597 million tons; that of anthracite 
decreased 1.3% to 5.0 million tons. Exports 
of bituminous coal declined 9.5% to 59 
million tons and those of anthracite rose 
8.5%. Imports of bituminous coal increased 
2895 but remained small when compared to 
exports. Electric utilities were responsible 
for three-fourths of bituminous coal con- 
sumption, and industrial uses accounted for 
most of the remainder. The household and 
commercial sector accounted. for 40% of 
anthracite consumption; industrial uses 
accounted for 33%; and electric utilities, 
21906. 

Natural gas.—The domestic supply of 
natural gas increased 2% in 1976 to 19,800 
trillion cubic feet or 20,200 trillion Btu. 
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Production continued to decline somewhat 
as did exports. Imports accounted for 5% of 
total supply and increased very slightly. 
Demand for natural gas increased in the 
industrial sector to 43% of total demand 
and the household and commercial sector 
increased to 38% of demand. 

Petroleum.—The domestic crude oil sup- 
ply increased 8.1% to 4,910 million barrels 
in 1976. Domestic production continued to 
fall, declining 2.6% to 2,976 million barrels. 
Imports, which rose 29.2% to a record 1,935 
million barrels, were responsible for the 
increased supply. Exports and stocks in- 
creased, but both remained negligible. The 
domestic supply of refined petroleum pro- 
ducts rose 7.2% to 6,384 million barrels. The 
demand for petroleum increased for all 
consuming sectors except the miscellaneous 
category. Transportation continued to be 
the largest consuming sector, accounting for 
61.296 of all petroleum consumed. 

Nuclear Energy.—Nuclear energy con- 
sumption in 1976 rose 10.8% compared with 
that in 1975. On a Btu basis it accounted for 
2.8% of total energy consumption in 1976, 
up from 2.6% in 1975. | 

Hydropower.—In 1976 electricity from 
hydropower declined for the second year in 
a row, decreasing 4.8% compared with that 
in 1975. Hydropower was responsible for 
4.1% of total energy consumption in 1976, 
falling from 4.6% in 1975. 

Other Energy.—Work continued in 1976 
on development of alternate sources of ener- 
gy such as geothermal, oil shale, solar, 
nuclear fusion, wind, tidal, and biological 
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Figure 4.—Production and calculated gross consumption of mineral energy resources 
and electricity from hydropower and nuclear power. 
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(from organic wastes) Of these energy 
Sources, geothermal remained the only one 
that has reached commercial development 
to any significant extent. Solar energy sys- 
tems were approaching the commercial 
stage at some geographic locations. Oil 
shale development advanced in an effort to 
overcome problems of high costs and envi- 
ronmental concerns. Several projects were 
underway to produce energy from waste. 
Among the technologies being advanced are 


the production of methane from sewage 
sludge and the organic portion of urban 
refuse, the use of combustible portions of 
urban refuse (such as paper, plastics, wood, 
and rubber) as fuel for powerplants, and the 
production of oil from wood waste. Research 
continued on wind power and energy from 
fusion, the latter being theoretical at the 
present time, but offering great promise in 
the long term. 


EMPLOYMENT AND PRODUCTIVITY 


Employment.—Employment in selected 
mineral industries increased for all mining 
industries, except copper and nonmetal 
mining and quarrying, and half the selected 
manufacturing industries in 1976. Total 
mining employment increased 5.196, and 
within this category metal mining employ- 
ment rose less than 1%, nonmetal mining 
and quarrying remained unchanged, and 
fuels extraction increased 6.9%. Within the 
metal mining group, iron ore employment 
rose 2.4% and copper ores declined 4.3%. In 
the fuels group, crude petroleum and natu- 
ral gas fields employment increased 3.496, 
bituminous coal increased 6.2%, and oil and 
gas field services rose 10.8%. 

Total selected manufacturing employ- 
ment declined less than 1% in 1976, and 
within this category nonfuel mineral manu- 
facturing remained virtually unchanged 
and fuel manufacturing increased 2.7%. 
Within the nonfuel mineral manufacturing 
group, employment declined less than 1% 
for fertilizers, 2.3% for hydraulic cement, 
and less than 0.5% for blast furnaces, steel- 
works, and rolling mills; nonferrous smel- 
ting and refining employment increased 
2.6%. Within the fuel manufacturing group, 
petroleum refining rose 1.9%, and other 
petroleum and coal products rose 6%. 

Hours and Earnings.—Average hourly 
earnings in the extractive industries during 
1976 increased 10.5% to $5.99 for nonfuels, 
and 8.5% to $6.66 for fuels. Also, hours 
worked rose 1.2% in both the nonfuels and 
fuels industries resulting in increases in 
weekly earnings of 12.1% and 9.8%, re- 
spectively. Within the nonfuels industry 
average hourly earnings increased 9.8% for 
metal mining and 10.9% for nonmetallic 
mining and quarrying, though the latter 
continued to pay the lowest hourly wages in 
the extractive sector. Hours worked rose 
1.7% for the former, and about 1% for the 


latter which also had the longest workweek 
of any extractive sector. Weekly earnings 
rose about 12% for both industries. Within 
the metal mining sector, both hourly and 
weekly earnings for the iron ore industry 
increased almost 12%. Copper ores average 
hourly earnings rose 10.6% and average 
weekly hours rose 2.3%, resulting in an 
increase in average weekly earnings of 
13.1%. 

The bituminous coal industry continued 
to pay the highest hourly wages and have 
the shortest workweek of all extractive 
industries with $7.91 and 39.5 hours, re- 
spectively, representing increases of 9.4% 
for wages and almost 1% for hours. Crude 
petroleum and natural gas average hourly 
earnings increased 8.9% and average week- 
ly hours rose 1.5%, resulting in an increase 
in average weekly earnings of 9.6%. 

The average hourly earnings for total 
selected manufacturing rose 7.5% to $7.21; 
average weekly hours decreased 1.5%; and 
resultant weekly earnings were 9% higher 
in 1976. The blast furnaces, steel and rolling 
mills industry continued to pay the high- 
est hourly wages and have the shortest 
workweek of all manufacturing industries 
considered, with $7.86 and 39.8 hours, re- 


spectively, representing increases of 10.5% 


for wages and 1.5% for hours. The opposite 
was true of the fertilizer industry (complete 
and mixing) which paid the lowest hour- 
ly wages at $4.88 and had the longest 
workweek at 43.1 hours in the manufactur- 
ing sector, representing increases of 10% 
and 1%, respectively. Hydraulic cement 
experienced the largest percentage increase 
in average hourly earnings of any industry 
at 14.7% and, coupled with an increase in 
weekly hours of under 1%, also showed the 
largest weekly earnings increase of 15.5%. 
Average hourly earnings for nonferrous 
smelting and refining rose 10.7%, average 
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weekly hours rose 290, and weekly earnings 
increased 12.9%. For petroleum refining 
and related products, average hourly earn- 
ings rose 11.2%, hours worked increased 
1.4%, and resultant weekly earnings rose 
12.8%. 

Wages and Salaries.—In 1976, total 
wages and salaries for all industries rose 
substantially to $891.8 billion, an increase 
of 10.7%. Total wages and salaries in both 
the mining and manufacturing sectors rose 
nearly 13% to $12.2 billion and $238.2 
billion, respectively. Average yearly earn- 
ings per full-time employee in all indus- 
tries rose 7.2% to $11,623. Mining sector 
employees earned an average of $16,089 in 
1976, a gain of 8.9% compared with 1975. 
Manufacturing sector employee earnings 
rose 8.3% to $12,888. 

Labor Turnover Rates.— The accession 
rate (hires and rehires) for most industries 
generally increased after a 2-year overall 
decline. In the manufacturing sector the 
accession rate increased 5% over that of 
1975. The greatest overall increase occurred 
in the nonfuel mineral industry sector; this 
was attributed to the copper ore sector with 
a 68% increase and the nonferrous smelting 
and refining sector with a 44% increase. 
Within the selected fuel industries, all 
sectors increased with the exception of the 
coal industry which decreased 13% overall. 
The separation rate declined for all of the 
selected industries with the exception of the 
fuel-related industries. In the manufac- 
turing and copper ore sectors, the decrease 
was 9%; metal mining decreased 6% while 
both blast furnaces, steel and rolling mills, 
and the nonferrous smelting and refining 
sectors each decreased 26%. Iron ore chang- 
ed the least by decreasing 3% and the 
cement, hydraulic sector separation rate 
decreased 31%. Petroleum refining and re- 
lated industries increased 5%, petroleum 
refining alone increased 16%, and the sep- 
aration rate for the coal mining sector 
increased 28%, the greatest increase for the 


fuel-related sectors. The layoff rate decreas- 
ed for all nonfuel mineral sectors while the 
rate for fuel-related sectors increased. The 
greatest layoff decline was for nonferrous 
smelting and refining at 70% and cement, 
hydraulic was next with a decrease of 45%. 
The manufacturing sectors decreased 38% 
and the blast furnaces, steel and rolling 
mills followed, decreasing 36%. Metal min- 
ing decreased 20%, iron ore decreased 23% 
and copper ore at 15% decreased the least 
within the nonfuels sector. Petroleum refin- 
ing and related industries remained con- 
stant relative to 1975 while the petroleum 
refining layoff rate increased by two-thirds; 
coal mining increased by one-half. The last 
two rates reflect low base figures. 

Productivity.—Indexes of labor pro- 
ductivity for selected minerals in 1975 (lat- 
est data available) were mixed. All indexes 
for copper increased while those for iron 
and bituminous coal and lignite declined. 
Indexes of copper ore output per employee, 
production worker, and production worker 
man-hour rose about 2%, 5%, and 10%, 
respectively. For recoverable copper metal, 
the corresponding indexes increased 0.4%, 
3.4%, and 8.2%, respectively. The indexes of 
iron ore output per employee and per pro- 
duction worker each decreased about 3%, 
and the per production worker man-hour 
index dropped 1.3%. Indexes of usable 
iron ore mined per employee, produc- 
tion worker, and production worker man- 
hour declined 7.5%, 6.9%, and 5.5%, re- 
spectively. For bituminous coal and lignite, 
the indexes of output per employee and per 
production worker each declined about 8% 
and the per production worker man-hour 
index declined 10.2%. Indexes for refined 
petroleum were mixed, with output per 
employee and per production worker each 
declining 1% and the per production wor- 
ker man-hour index increasing 1%. 


PRICES AND COSTS 


Index of Average Unit Mine Value.—The 
index of average unit mine value (1967= 
100) is designed to reflect unit values of 
mine production. It showed unit mine val- 
ues for all but two mineral categories in- 
creasing in 1976. The overall index of aver- 
age unit mine value rose 10.4% to 279.4 
index points. The total metals index in- 
creased 9%, the ferrous metal index in- 


creased 13.7%, and the nonferrous metal 
index rose 3.9%. Within the nonferrous 
metal category, the base metal index in- 
creased 5.5%, the monetary metal index 
showed a substantial decline of 14.5%, and 
the other nonferrous metals index increas- 
ed by the largest percentage of any mineral 
category at 16%. The total nonmetals index 
rose 5.5%, with the construction index in- 
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creasing 8.4%, the chemical index decreas- 
ing 3.5%, and the other nonmetals index 
rising 11.9%. The fuels index increased 
11.596, and within this category the coal 
index rose 4.2% and the crude oil and 
natural gas index increased 13.3%. 

Index of Implicit Unit Value.—The index 
of implicit unit value (1967=100) is design- 
ed to reflect unit values of the minerals 
included in the index of physical volume of 
mineral production. For 1976 it shows the 
same pattern of price changes as the index 
of average unit mine value discussed above. 
The implicit unit value indexes increased 
for all but two mineral sectors. The overall 
index of implicit unit value increased slight- 
ly over 10% to 278.2 index points. The index 
for all metals rose 8.2%, the ferrous metal 
index grew 13.7%, and the nonferrous met- 
al index increased 5.2%. Within the nonfer- 
rous metal category, the base metal in- 
dex rose 6%, the monetary metal index 
declined 12.4%, and the other nonferrous 
metals index increased the most of all 
mineral sectors at 14.5%. The total non- 
metal index increased 5.2%, with the con- 
struction index advancing 8.5%, the chemi- 
cal index falling 4%, and the other nonmet- 
als index increasing 12.5%. The fuels index 
rose 12.3%, and within this category the 
coal index increased 4.2% and the crude oil 
and natural gas index increased slightly 
over 14%. 

Prices.—The wholesale price indexes for 
selected metals, minerals, and fuels increas- 
ed in general for 1976. The index for all 
commodities increased 4.6% to 183.0 index 
points, while all commodities other than 
farm and food increased 6.4% to 182.4 index 
points. Metals and metal products increased 
5.5% to 195.9 index points; selected com- 
modities within this grouping that reflected 
the extremes of the reported price index 
changes were as follows: Nonferrous scrap 
increased 21.1%, foundry and forge shop 
products increased 12.5%, iron ore increas- 
ed 10.8%, and aluminum, primary, buyers 
increased 10.6%. Most other commodities 
that are listed within this grouping increas- 
ed at a rate above the 5.5% group average, 
with the exception of zinc, slab, prime 
western which had decreased 3.4%. 

Nonmetallic mineral products increased 
7.0% to 186.3 index points. The greatest 
increases occurred for building lime, which 
increased 10.3%, and concrete ingredients 
and insulation materials, both increased 
8.4%. The greatest decreases were as fol- 
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lows: Phosphates down 20.5%, fertilizer 
materials down 17.7%, and nitrogenates 
down 15.4%. 

Fuels and related products and power 
increased 8.4% to 265.6 index points. With- 
in this group of commodities, gas fuels 
increased the most, at 32.3%, followed by 
petroleum products, refined and electric 
power with increases of 7.4% and 7.396, 
respectively; coal declined 4.4%. 

Prices of most mineral energy commodi- 
ties increased in 1976. The average price of 
bituminous coal at merchant coke ovens 
rose 4.3% to $54.90 per short ton. Average 
sales realization prices for anthracite rang- 
ed between $29.11 and $47.13 per ton, with a 
decrease of less than 1% for one size of 
anthracite and an increase of 5.4% for 
another size. All petroleum and petroleum 
products increased in price with the excep- 
tions of Bunker C residual fuel oil at all gulf 
ports and No. 6 residual fuel, maximum 1% 
sulfur, at Philadelphia, which declined al- 
most 3% to $9.03 per barrel and 2% to 
$12.05 per barrel, respectively. The average 
price of No. 6 residual fuel, maximum 0.3% 
sulfur, at Philadelphia, rose almost 1% to 
$13.28 per barrel. The average price of 
crude petroleum at the well increased 7.7%, 
and the average dealers’ price of gasoline 
rose 9%. Prices of No. 2 distillate fuel oil 
rose 8% at Philadelphia and 5% at all gulf 
ports. The average value of natural gas at 
the well rose 30.3% to 58 cents per thou- 
sand cubic feet and it was unavailable at 
the point of consumption. 

In the year 1975 (latest data available), 
the average cost of electricity increased at 
the same rate as in the past few years. 
Different from previous years, New Eng- 
land and Middle Atlantic regions had the 
highest costs, reflective of the high cost of 
petroleum on the spot market. The Tennes- 
see Valley Authority charged rates in the 
East South-Central States that permitted 
this region to continue to have the lowest 
average cost of electricity for the United 
States. The average cost of electricity in the 
residential market increased 0.4 cent to 3.2 
cents per kilowatt-hour. All other geograph- 
ic regions had increases averaging 0.4 cent 
per kilowatt-hour. In the commercial and 
industrial sectors the average increase in 
1975 was 0.4 cent per kilowatt-hour. The 
only decline in rates occurred in Alaska 
and Hawaii, where the residential rate 
decreased 0.1 cent per kilowatt-hour. 
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Principal Metal Mining Expenses.—The 
index of principal metal mining expenses 
(1967—100), following the price trend for 
the economy as a whole, rose 5.38% to 199 
index points in 1976. The fuel component 
increased 8.5%, the largest percentage in- 
crease of any component, reaching 266 in- 
dex points, and the electrical energy compo- 
nent was next, rising 7.8% to 208 index 
points. The supplies component increased 
6.2% to 188 index points and labor, with a 
gain of 4.2% to 198 index points, was the 
only component rising less than the overall 
price index. 

Costs.—In 1976, indexes of relative costs 
and productivity (1967 —100) generally in- 
creased with a few exceptions. For iron ore, 
all three indexes increased—the index of 
labor costs per unit of output and the index 
of value of product per production-worker- 
period both increased moderately as the 
index of labor costs per dollar of product 
rose slightly. The copper indexes showed 
mixed changes—the index of labor costs per 
unit of output declined slightly, the index of 
value of product per production-worker- 
period increased by more than one-fourth, 
and the index of labor costs per dollar of 
product declined moderately. For 
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bituminous coal, the index of labor costs per 
unit of output rose moderately, the index of 
value of product per production-worker- 
period declined slightly, and the index of 
labor costs per dollar of product rose mod- 
erately. In 1974 (latest data available) the 
petroleum indexes of labor costs per unit 
of output and the value of product per 
production-worker-period both increased 
and the index of labor costs per dollar of 
product declined as reported in 1973. 

Price indexes for mining construction and 
material handling machinery and equip- 
ment (1967=100) increased only moderately 
in 1976 compared with large increases in 
1975. The index for portable air compres- 
sors showed the smallest increase at 2%, 
followed by mixers, pavers, spreaders, etc., 
at 5% and construction machinery and 
equipment at 7%. The indexes for special- 
ized construction machinery, scrapers and 
graders, and tractors other than farm, all 
increased about 8%. The index for power 
cranes, excavators, and equipment rose 9%, 
the oilfield machinery and tools index rose 
11%, and the largest price index increase 
was again for mining machinery and equip- 
ment which rose 15%. 
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Figure 5.—Index of labor costs per dollar of product. 


INCOME AND INVESTMENT 


National Income Generated.—National 
income originating in all industries in 1976 
increased 12.2% to $1,399 billion. Income in 
the mining sector rose to $19.4 billion, an 
increase of 7.8%. Oil and gas extraction 
accounted for the largest share within the 
mining sector at $8.8 billion and also show- 


ed the greatest percentage increase in min- 
ing at 12.9%. Coal mining contributed the 
next largest share, rising 3.496 to $6.6 bil- 
lion. Nonmetallic minerals, excluding fuels, 
increased 3.1% to $2.3 billion and metal 
mining rose 7.296 to $1.8 billion. Manufac- 
turing increased 17.2% in 1976 to $365.0 
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billion. Within this category, petroleum and 
coal products showed the largest percentage 
increase, up 25% to $15.5 billion. Stone, 
clay, and glass products had the second 
largest increase at 19.5%, rising to $11.8 
billion. The primary metal industries gen- 
erated $26.6 billion in income, a gain of 
8.4% and chemicals and allied products 
accounted for $27.1 billion, an increase of 
13.6%. 

Profits and Dividends.—The average an- 
nual profit rate on shareholders’ equity in 
all manufacturing industries rose by more 
than two percentage points in 1976 to 14%. 
All but two of the selected mineral manu- 
facturing industries showed increasing pro- 
fit rates. The profit rate for primary metals 
declined a negligible amount to 8.3% and 
that for iron and steel decreased by almost 
two percentage points to 9%. Nonferrous 
metals increased more than one-third to a 
profit rate of 6.8%; stone, clay, and glass 
products rose almost four percentage points 
to 11.9%; chemicals and allied products 
increased a negligible amount to 15.5%; and 
petroleum and coal products rose almost 
two percentage points to 14.4%. 

Total dividends for all manufacturing 
increased 13.8% to $22,716 million in 1976. 
Dividends rose for all but one of the selected 
mineral manufacturing industries. For pri- 
mary metals, they increased 1% to $1,200 
million, which was a result of iron and steel 
increasing 3.6% to $773 million and nonfer- 
rous metals declining 3.8% to $425 million. 
Dividends for stone, clay, and glass products 
increased 6.5% to $440 million; for chemi- 
cals and allied products the increase was 
1990 to $3,128 million; and for petroleum 
and coal products the increase was 4% to 
$4,414 million. 

The total number of industrial and com- 
mercial failures and their current liabilities 
declined rather substantially in 1976. The 
number of failures decreased 15.896 to 9,628 
and their liabilities dropped to slightly over 
$3 billion, a decline of more than 31%. 
Mining failures rose to 37 in 1976, 11 more 
than in 1975. The current liabilities of 
mining firms that failed were almost $106 
million, more than 10 times those of 1975. 
The manufacturing sector showed a decline 
of 18.3% in the number of failures, but their 
liabilities increased by a negligible amount. 

New Plant and Equipment.—Expendi- 
tures for new plant and equipment increas- 
ed for mining (including fuels) and for 
all but one of the selected mineral manu- 
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facturing industries in 1976. Expenditures 
by mining industry companies rose 5.5% to 
$4.0 billion; those by all manufac- 
turing increased 9.495 to $52.48 billion. 
Primary nonferrous metals industry ex- 
penditures showed the only decline of the 
selected mineral manufacturing industries, 
decreasing by 5.3% to $2.16 billion. Ex- 
penditures by the primary iron and steel 
industry increased by 2.7% to $3.81 billion 
and those by chemicals and allied products 
increased by 6.9% to $6.68 billion. Petro- 
leum industry expenditures increased 
10.6% to $11.62 billion, and stone, clay, and 
glass products industry expenditures show- 
ed the largest percentage increase, a rise of 
21.1% to $1.72 billion. 

Plant and equipment expenditures of 
foreign affiliates of U.S. mining companies 
in mining and smelting declined by 21.9% 
to $916 million in 1976. Canada showed a 
decrease of 8.2%, Latin America showed a 
decrease of 39.4%, and the all other areas 
category fell 30%. Expenditures in petro- 
leum rose almost 3% to $9,757 million. 
Canada showed an increase of 5.2%, ex- 
penditures for Latin America declined 
15.8%, those for Europe increased 9.8%, 
and all other areas remained at virtually 
the same level as in 1975. Plant and equip- 
ment expenditures in manufacturing rose 
2%, with Latin America increasing 19.1% 
and the all other areas category falling 
11.8%. 

Issues of Mining Securities.—Estimated 
gross proceeds of new securities offered by 
extractive industries totaled $1.77 billion in 
1976, an increase of 8.6% from that of 1975. 
As a departure from previous years, bonds 
accounted for 57.8% of the proceeds in 1976, 
while common stock’s share was only 34.3% 
and preferred stock was responsible for 
7.9% of the proceeds. 

Foreign Investment.—Direct private in- 
vestment by U.S. companies abroad increas- 
ed 12% to $133.2 billion in 1975 (latest data 
available). The increase in the petroleum 
sector was 15.3%. The share of petroleum 
investments received by developing coun- 
tries continued to be greater than the share 
of total investments they received. Develop- 
ed countries received $20.3 billion of the 
petroleum industry investment, while 
developing countries received $11.1 billion. 
The value of petroleum investment in Eu- 
ropean affiliates increased 14.3% to $11.4 
billion and that in Canadian affiliates in- 
creased 8.3% to $6.2 billion. Petroleum 
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investments were up sharply in two devel- 
oping areas: The Middle East increased 
127.7% to $3.7 billion and the Other Asia 
and Pacific category rose 59.5% to $2.8 
billion. 

U.S. direct investments in foreign mining 
increased 7% in 1975 (latest data available) 
to $6.6 billion. The developed countries 
received two-thirds of these investments or 
$4.4 billion. Canada received the largest 
share, or 69.490 of mining investments in 


developed countries. Latin American Re- 
publics continued to account for almost half 
of mining investments in developing coun- 
tries which totaled $2.1 billion. 

The value of foreign direct investments in 
the United States in 1975 (latest data avail- 
able) was $26.7 billion, an increase of 19.3%. 
Investments in the petroleum sector in- 
creased 37% to $8.2 billion, which was 
30.6% of the total foreign direct invest- 
ments in the United States. 


TRANSPORTATION 


The total quantity of major minerals and 
mineral energy products transported by 
railroad and water continued to decrease in 
1975 (latest data available), declining by 
95.4 million short tons to 1,642 million short 
tons. Total mineral products accounted for 
62% of all products carried by rail and 82% 
of all commodities transported by water. 
The former represented a small increase 
over that of 1974. Almost 65% of minerals, 
excluding fuels, were transported by rail. 
Slightly over 55% of fuels and related 
energy products were transported by water. 

In the minerals, excluding fuels, category 
the quantity of commodities transported by 
rail decreased 15.9% to 406.6 million short 
tons. Of this total 61.9% consisted of five 
commodities: Iron ores and concentrates, 
phosphate rock, steelworks and rolling mill 
products, sand and gravel, and crushed 
stone. All commodities decreased in 1975 
except for nonferrous metal scrap, which 
increased 365%, and phosphate rock, which 
rose less than 1%. 

Water transportation of minerals, exclud- 
ing fuels, declined almost 13% to 220.4 
million short tons. Three commodities— 
iron ores and concentrates, sand and gravel, 
and limestone flux— accounted for 75.5% of 
this tonnage. All commodities decreased 
with the exceptions of phosphate rock, 
which increased 10%, and other ores, which 
increased 6%. 


In the fuels and related energy products 
category, the quantity of commodities car- 
ried by rail rose 2.1% to 456.2 million short 
tons in 1975. Bituminous coal and lignite 
continued to be responsible for the major 
share, accounting for 89.3% of this tonnage. 
All fuel products declined in 1975 except for 
coal, which increased 4.990, and crude pe- 
troleum and natural gas, which rose 5.6%. 

Fuels and related products transported by 
water increased less than 190 to 559.2 mil- 
lion short tons. Coal continued to account 
for the largest share of fuels shipped by 
water at 27.3%. Others responsible for sig- 
nificant shares included residual fuel oil at 
20%, gasoline, jet fuel, kerosine at 19%, 
distillate fuel at 16%, and crude petroleum 
and natural gas at 1490. The largest per- 
centage increase was for liquefied petro- 
leum gas and coal gas which rose 21.490. 

A total of 987,700 miles (preliminary) of 
gas pipelines existed in 1976. This repre- 
sents an increase of less than 1% from the 
980,000 miles of pipelines that existed in 
1975. Total petroleum pipeline mileage in 
1974 (latest data available) as previously 
reported was 222,000 miles. It was distrib- 
uted among the following components: 
Crude gathering systems in field operations 
with a 31% share, large-size crude trunk- 
lines accounting for 34%, and petroleum 
product pipelines that extend from refin- 
eries to extraction terminals with 85%. 


RESEARCH ACTIVITIES 


U.S. total research and development ex- 
penditures in 1975 (latest data available) 
were $23.5 billion, an increase of more than 
5% compared with that of 1974. The shares 
spent by the private sector and the Federal 
Government were 62.8% and 37.2%, re- 
spectively, the same percentages as in 1974. 
Research and development expenditures in 
the petroleum refining and extractive in- 
dustries increased 17%, reaching $700 mil- 


lion in 1975. Almost 96% of these expendi- 
tures were financed by private industry, 
and Federal Government funds supplied the 
remaining 4%. Research expenditures for 
chemicals and allied products increased 
over 12% to $2,650 million. Private industry 
financed 91% of this total. 

Bureau of Mines funding obligations for 
mining and mineral research and develop- 
ment were $131.3 million in fiscal year 
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1976, an increase of 29% compared with 
1975. Funds for applied research increased 
more than 42% to $72.5 million. Basic 
research funds continued to drop, declining 
58.7% to $0.8 million. Funds for develop- 
ment rose 1995 to $58 million. Funding 
obligations for fiscal year 1977 were estima- 
ted at $153.7 million, 17% higher than for 
1976. Fiscal year 1977 funds were estimated 
to increase 8.8% to $78.9 million for applied 
research, to remain the same for basic 
research, and to increase 12.7% to $65.4 
million for development. 

Bureau of Mines funding obligations for 
total research rese 38.5% to $73.3 million 
for fiscal year 1976. Funds for engineering 
Sciences increased 41.5% to $67.5 million; 
physical sciences funds declined 5.6% to 
$1.8 million; mathematical sciences rose 
24.5% to $1.6 million; and environmental 
Sciences increased 18% to $2.4 million. Ob- 
ligations for total research during fiscal 
year 1977 were estimated to increase 8.7% 
to $79.7 million. Funds for engineering 
sciences were estimated to increase 9.3%; 
for physical sciences they were estimated to 
rise 5.6%; and for both mathematical and 
environmental sciences they were estimat- 
ed to remain the same. Highlights of Bu- 
reau research programs, including work in 
progress, follow. 

Mining.—The Bureau continued to make 
field studies with shallow seismic reflection 
methods for mapping coal seams and under- 
ground geologic features in coal mines in 
1976. Only recently has this technique been 
applied to shallow investigations. The ap- 
plication is similar in effect to the deeper 
methods already utilized; however, shallow 
reflection methods require modified proce- 
dures. Some of these are to minimize sur- 
face noise, select optimum detector spacing, 
generate high-frequency source signals, and 
use improved data collection and data pro- 
cessing technology. The seismic method was 
proving useful for locating geologic features 
at moderate cost and with better definition 
than available with drilling programs 
alone. 

The Bureau developed a first-generation 
roof bolter inserter (R.B.I.) and flex drill 
system. The R.B.I. is designed to bend and 
insert longer than seam height bolts with- 
out the need to manually bend and straight- 
en the bolts. It removes the miner from the 
hazardous bolting area to improve safety. 
This is done by moving the operator’s con- 
trols to the back of the bolter and moving 


the operator away from the bolter altogeth- 
er and controlling its operations remotely. 
Completion of the R.B.I. has led to the next 
step of drilling longer than seam height. 
Five flexible drill contracts investigated 
different methods of achieving the goal of 
longer than seam height drilling. 

The Bureau of Mines embarked on a 
contract research effort to develop a fast, 
reliable, accurate, and effective reconnais- 
sance system to gather and quantify data on 
stability of mine waste embankments. After 
investigating a number of systems involving 
conventional surveying, telemetry, remote 
sensing, and innovative techniques, the air- 
borne photogrammetry system was selected 
as the one that best combines accuracy, 
rapidity, and reliability with reasonable 
cost. 

Photogrammetry is both fast and accu- 
rate; embankments can be photographed in 
a fraction of the time required for onsite 
visual inspection and surveying. Additional 
benefits are that site mapping is facilitated, 
embankment volume can be measured, and 
a permanent, reliable record of the life of 
the embankment results. 

The deep, steeply dipping narrow veins of 
the Coeur d’Alene mining district are min- 
ed by overhand horizontal cut-and-fill 
methods. High ground stresses and hard 
brittle rock can result in conditions con- 
ducive to rockbursts. Experience has shown 
that many of the damaging rockbursts oc- 
cur during development of the stope first 
level and later during mining of the re- 
maining stope sill pillar. Finite element 
studies showed that if the rock in this area 
of the mine could be made less brittle 
during development mining, the potential 
for rockbursts would be greatly reduced. À 
cooperative research program was planned 
between the Bureau of Mines and a mining 
company to test this theory. 

A Bureau program was generated for the 
development of potential recommended 
guidelines for underground mining in close 
proximity to bodies of water. The objective 
was subject to the constraint of maximum 
efficient utilization of underground coal 
resources consistent with minimizing inun- 
dation hazards. Several consulting firms 
were contracted to gather and provide back- 
ground data from worldwide sources on the 
application and the case histories of pre- 
vious inundations to develop recommended 
guidelines for underground coal mining 
near bodies of water. 
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These recommended guidelines cover to- 
tal extraction by longwall or pillar robbing, 
partial extraction by room-and-pillar, par- 
tial extraction by panel mining, and a 
combination of these methods. 

The Bureau of Mines continued to con- 
duct projects involving the development 
and in-mine testing of rugged, reasonably 
priced, mine shaft fire and smoke protection 
systems. Α second-generation system, devel- 
oped and installed in a mine near Bishop, 
Calif, was tested in 1976. The system's 
hardware consists of smoke, CO, and heat 
sensors, remotely controlled smoke doors, 
remotely controlled sprinkler systems in 
the shaft/shaft station area, underground 
control units, and a master control unit at 
the surface. After 8 months of in-mine 
evaluation, the second-generation prototype 
system was subjected to fire testing. Test 
fires were lit at two levels of the mine. Each 
test fire was automatically sensed by the 
Systems; the remotely controlled smoke 
doors were activated and the remotely con- 
trolled sprinklers successfully extinguished 
the fires via commands from the surface. 

Bureau research is concerned with sev- 
eral aspects of circuit protection for mine 
power systems, ranging from circuit break- 
er reliability to development of more sensi- 
tive and trouble-free devices for detection of 
ground faults. In one study, existing circuit 
breakers are being replaced by matching 
units which are equipped with monitoring 
devices to provide data on occurrences of 
circuit current surges and the related cir- 
cuit interruption performance of the break- 
er. The old breakers are examined for wear 
and failure characteristics, as will be the 
new units when finally removed. Aside 
from reliability and maintenance schedul- 
ing information, the investigation will prob- 
ably also result in suggestions for circuit 
breaker improvement and for proper ap- 
plication of the devices. 

A “synthetic fault" test apparatus had 
been developed for in-mine testing and ver- 
ification of operational readiness of 'ac cir- 
cuit breakers. . 

A second circuit breaker tester was being 
developed; this one for calibrating dc trolley 
system circuit breakers. 

An experimental model of a dc circuit 
breaker which almost instantaneously in- 
terrupts large fault currents with no arcing 
across the contacts had been fabricated and 
was undergoing tests. 

The detection of incendive ground fault 
currents on the order of 10 amperes in 
trolley line systems, where normal currents 
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may be in excess of 3,500 amperes, is 
accomplished by means of a “discriminating 
circuit breaker system." The method by 
which the system distinguishes a dangerous 
ground fault from a low resistance normal 
load involves injection of a 3,000-hertz audio 
signal into the system and the sensing of 
current flow at that frequency. All legiti- 
mate loads such as pumps, jeeps, and loco- 
motives operating on the line must be 
equipped with filters to block the flow of 
9,000-hertz current, whereas the current 
will flow freely through a genuine ground 
fault and cause a relay to trip the circuit 
breaker. In the present experimental instal- 
lations, all of the mine vehicles are not 
equipped with blocking filters; hence, the 
System cannot be connected so as to actual- 
ly interrupt the trolley line current; how- 
ever, 9 years of observation have proven 
that a fully installed system would be es- 
sentially free from nuisance interruptions. 
Further in-mine evaluation is underway. 

The Bureau of Mines in its concern for 
mine safety has responded by performing 
research in all areas related to improving 
the safety of coal mines during the mining 
operation. Of particular concern are pro- 
grams to improve the interface of the 
machine operator and the machine. 

Several programs were initiated {ο 
achieve this goal; these programs examined 
innovative machine designs and modifica- 
tion of existing equipment. The innovative 
machine design program involved complete 
redesign of equipment, employing human 
factors engineering in the new designs. The 
program for modification of existing equip- 
ment was broken down into several pro- 
jects. These projects have been directed 
toward standardization of controls, panic 
bar installations, development of low coal 
canopies, and a survey of available cano- 
pies. 

Other examples of noncompliance with 
human engineering principles are the 
widespread use of identical black, round 
control knobs (regardless of the function 
being performed) and frequent inappro- 
priate location, spacing, and labeling of 
controls. Any or all of these factors may 
place the operator in a "negative transfer" 
situation, which means that control ma- 
nipulations appropriate for one type of 
machine are different from (or even in the 
reverse of) the control movements required 


16 


to produce the same effect of other machine 
types. The goal of this project was to devel- 
op and evaluate criteria for standardized 
controls for underground electric face 
equipment. 

Several projects were initiated under the 
protective canopy program to develop pro- 
tective canopies that were easily retrofitted 
to existing equipment used in various seam 
heights. The results of these projects have 
been combined into one study that applies 
human engineering principles in con- 
junction with these past research programs 
to develop optimized operator compart- 
ments. Three projects were initiated under 
the optimized operator compartment pro- 
gram. These projects were similar with the 
objective of fabricating operator compart- 
ments that were easily retrofittable to exist- 
ing equipment and included the results of 
the standardization of controls project, the 
panic bar project, and the various canopy 
projects. 

One of the optimized operator compart- 
ment projects has been completed on an 
Elkhorn scoop and a pair of National Mine 
Service shuttle cars. The two shuttle cars 
were sold to a mining company for use in its 
mine; the company agreed to accept the 
cars with optimized operator compartments 
and evaluate them in normal operation 
during the months of March and April 1976. 
The compartment was very well received by 
the drivers and other mine personnel. 

Α coal company agreed to cooperate in 
finding a maintenance shop to modify its 
Elkhorn Scoop compartment to the optimiz- 
ed operator compartment configuration and 
to participate in the in-mine evaluation of 
the scoop. The modifications to the scoop 
compartment were completed in January 
1976. The scoop compartment was then 
evaluated by the scoop operators, while 
performing their normal duties, during the 
months of February and March 1976. 

The broad objective of the Bureau's mine 
machinery equipment training program is 
to improve the safety and productivity of 
new operators of underground mine ma- 
chinery by the systematic and disciplined 
development of equipment training sys- 
tems. The present scope, as determined by 
historic accident and hazard analyses, in- 
cludes the development, implementation, 
and validation of miner, roof bolter, and 
hoist equipment operator training sys- 
tems. 

In providing detailed information con- 
cerning equipment operation, a shuttle 
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car training system was developed under 
contract by Doron Precision Systems. 
The trainer concepts evolving from the 
training system analysis have included the 
development of classroom material, a dyna- 
mic concepts trainer, and a reaction trainer. 
The reaction trainer was designed to teach 
and provide drill and practice in hazard 
recognition and avoidance. As such, the 
reaction trainer is designed to partially 
simulate the shuttle car and working 
section with a sufficient degree of fidelity to 
realistically present many of the hazards a 
shuttle car operator may encounter. Efforts 
were underway to adapt this training sys- 
tem to the development of training pack- 
ages for roof bolter, continuous miner, and 
hoist equipment operators. 

While the machinery trainers address an 
important area, another technique with 
broader applicability in terms of general 
training and testing is the Lincoln Training 
System (LTS), which is a self-paced, inter- 
active, audiovisual trainer. All information 
(audio, visual, and control information) is 
contained on low-cost microfiche. Prototype 
systems have been evaluated at coal mine 
training sites with excellent acceptance. 

Health-related research is focusing on 
such problems as respirable coal dust, ra- 
dioactive gas, noise, toxic mine gases, and 
on solutions involving both protection of 
miners and control of the mine environ- 
ment through engineering advances. 

Projects were underway to prevent and 
control dust generation, improve face ven- 
tilation, and develop personal protective 
devices. Research continued on the ra- 
diation hazard which continues to be a 
major health concern in uranium mines. 
The major objectives are to improve tech- 
niques to inhibit or control radon eman- 
ation into the mine air and to develop 
measurement instrumentation such as a 
viable personal dosimetry system for meas- 
uring miner exposure to specific types of 
radiation. 

Research continued on noise abatement 
in order to achieve acceptable levels of noise 
exposure for personnel engaged in coal and 
noncoal mining activities, both under- 
ground and surface. Noise instrumentation 
was being improved to meet continuing 
demand for more accurate assessments 
of noise levels. An industrial hygiene 
program was aimed at rapidly meas- 
uring/monitoring toxic gases such as CO, 
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NO, and ΝΟ: through the development of 
low-cost, reliable measuring instrument- 
ation. Thus, the quality of ventilating air in 
a mine can be quantified and the miners' 
accumulative exposure can be measured. 

A Bureau of Mines research contract 
developed methods to increase significantly 
the amount of fresh air that reaches the 
front of a continuous mining machine. The 
contract emphasis was on removing meth- 
ane buildups that occur at the cutter head. 

The key to providing more air at the face 
is to enhance and move forward the “natu- 
ral" airflow pattern. Devices designed to 
enhance and move forward this natural 
pattern always swept away methane better 
than those that ignored this simple princi- 
ple. 

One way to move forward the natural 
pattern is with proper placement of a low 
volume diffuser fan. Α twin nozzle diffuser 
fan placed on the intake side of the machine 
works best. One disadvantage of this kind of 
diffuser system was that it required a sec- 
ond, identical system on the other side of 
the machine to make the air go the other 
way when the brattice was moved to the 
other rib. 

Another simple and effective air mover is 
the conventional water spray. It was discov- 
ered that if all the water sprays on the 
machine were realined to take advantage of 
their air-moving abilities, then the natural 
airflow pattern was enhanced even more 
than with a diffuser fan. 

While some care in the selection and 
placement of spray nozzles is necessary, 
conventional nozzles work as well in this 
application as specially designed air- 
mover" venturi sprays. These “air-mover” 
sprays move air through a small diameter 
short tube that surrounds the spray nozzle. 
However, this Bureau-sponsored research 
has shown that the key to better face 
ventilation is recognizing that the space 
between the machine and the roof or rib is 
also a "tube," a far larger tube than could 
ever be tucked away inside the machine. 
The solution to more air at the face is a 
more effective use of this tube that has been 
there all the time. 

In an attempt to reduce both the material 
costs and the man-hours needed to maintain 
stoppings in working areas of hardrock 
mines, the Bureau of Mines developed a 
new type of stopping, called the quick-fix 
blowout stopping. This is a variation of the 
parachute stopping developed earlier by the 
Bureau. Unlike conventional stoppings con- 
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structed in working areas, the stopping is 
not designed to resist blast forces. Rather, it 
is designed to be easily blown out by blast 
forces and then to be quickly and easily 
reinstalled; in contrast, a conventional tim- 
ber stopping or bulkhead may require an 
entire shift to replace. Furthermore, restor- 
ing conventional wood or brattice stoppings 
almost always entails the use of new mate- 
rials, whereas the quick-fix blowout stop- 
ping can be used again and again. 

A new, self-sealing brattice developed by 
the Bureau of Mines offers distinct advan- 
tages over conventional brattice as to both 
weight and tightness. Its main feature is 
that the fabric is sewn into a hemispherical 
shape rather than a flat sheet-like conven- 
tional brattice. The perimeter of the hemi- 
sphere is made larger than the airway 
perimeter, so that the differential air pres- 
sure will balloon out the fabric, forcing it 
against the mine surface and providing an 
automatic seal that reduces both leakage 
and the number of attachment points need- 
ed. It should be noted that the Bureau of 
Mines considers this concept still in the 
developmental stage. Although it has been 
shown that this type of stopping can be 
successfully employed underground, it has 
never been tested in an emergency sit- 
uation. 

The Bureau of Mines developed a me- 
chanically driven sequential sampler that 
can automatically take air, gas, or liquid 
samples in underground mines for periods 
of 1 to 8 days. The new sampler is basically 
an Archimedes screw—a spiral of plastic 
tubing wound around a cylinder, which 
is tilted so that one end of the tube is 
submerged in a pan of water. The other end 
of the cylinder is connected to a spring- 
wound motor that can rotate the cylinder, 
one revolution per sample, at set intervals 
ranging from once a minute to once an 
hour. As the cylinder turns, the low end of 
the tubing comes out of the water for half a 
revolution of the cylinder. As the end of the 
tube submerges again, a plug of air is 
trapped in the tube between two plugs of 
water, and successive air samples are auto- 
matically spiraled upward in the tubing as 
the cylinder rotates. 

In 1976 the Bureau continued to explore 
possible ways of reducing the level of air- 
borne respirable coal dust through improve- 
ment in coal mining machines, methods, 
and systems. The objective of a Bureau 
contract was to design, construct, and test a 
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full-scale continuous coal miner for the 
purpose of quantifying the relationships 
between cutterhead's rotational speed and 
the depth of cut by the bits into the coal face 
as related to the generation of airborne 
respirable dust. The results showed that 
airborne respirable dust was reduced by 
greater than 60% in the air return when 
the depth of cut was increased from 1 to 2 
inches. Rotational speed had only a slight 
effect in the return, but at the operator's 
station, a reduction of 77% could be realized 
by slowing the head from 51 to 18 revolu- 
tions per minute. The contract has been 
completed and the machine was being dem- 
onstrated under a cooperative agreement 
with a coal company. The purpose of this 
demonstration is to show that a drum-type 
continuous coal miner can operate in a 
much cleaner mode and yet can maintain or 
increase production. 

More than 90% of the coal in under- 
ground mines is hauled by various types of 
shuttle cars from the mining face to the 
secondary haulage system. Approximately 
720% of the cars are electric powered 
through a trailing cable. All of the remain- 
ing cars are powered by lead acid batteries 
with the exception of a small number that 
are powered with diesel engines. 

Continuous face haulage systems trans- 
port 8% of the underground coal and their 
application is expected to grow. However, 
shuttle car haulage will continue to be the 
predominant face haulage method during 
the foreseeable future. Shuttle cars, in gen- 
eral, have the relative advantages of low 
capital cost and high reliability. In the case 
of the electric trailing cable powered shuttle 
car, it is a simple and easily maintained 
vehicle. The principal disadvantages of this 
kind of vehicle are limited coal capacity and 
various problems related to the trailing 
cable. Battery-powered vehicles have the 
flexibility to travel various paths and elim- 
inate the fire hazard and failure problems 
associated with the trailing cable. The ma- 
jor problems with battery-powered equip- 
ment are limited operating time per charg- 
ing cycle and downtime due to battery 
replacement. Diesel-powered shuttle cars 
have the advantages of battery-powered 
vehicles and, in addition, have a higher 
operating time and lower operating cost. 
The critical problems of diesel-powered 
shuttle cars are the health hazard of the 
engine exhaust emissions and noise. In 
1976, research was being conducted on all of 
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the problems cited above with the objective 
of reducing or eliminating them. 

Α contract was awarded to a firm to 
maximize the coal carrying capacity and to 
improve or, at a minimum, retain the exist- 
ing maintainability and reliability stand- 
ards of shuttle cars without increasing the 
outside dimensions. An evaluation was 
made of all currently used shuttle cars and 
relevant technology to identify those fea- 
tures and components that could be combin- 
ed to meet contract requirements. The eval- 
uation has been completed and a shuttle car 
design is nearly completed that will have a 
capacity more than 2546 greater than exist- 
ing shuttle cars of equivalent overall dimen- 
sions. | 

Under a contract, an iron-nickel high 
performance battery for coal haulage vehi- 


. cles and a more efficient battery charging 


system was being developed. The iron- 
nickel battery will have sufficient energy to 
last a full shift and can be charged and 
ready for use in less than 3 hours. 

Also through a contract, the closed Ran- 
kine cycle steam engine that was developed 
for automotive propulsion has been modi- 


fied for use in underground coal mine vehi- 


cles. The steam powerplant potentially of- 
fers significant advantages over existing 
diesel-powered (internal combustion) vehi- 
cles. Emission levels for oxides of nitrogen 
and carbon monoxide from the steam en- 
gine system are anticipated to be approxi- 
mately less than 10% and 40%, respective- 
ly, of those obtained from diesel systems 
presently in use underground. 

Significant advances have been made re- 
cently in flywheel materials and technolo- 
gy. Shuttle cars appear to be uniquely 
suited to the application of flywheel tech- 
nology. The distance of travel is typically 
short and the cycle frequency is high. Con- 
ceptually, the shuttle car flywheel would be 
rapidly recharged in fresh mine air while 
the car is being unloaded at the transfer 
point. À contract has been awarded to 
assess existing flywheel technology and its 
practical application to underground coal 
mine shuttle cars. The evaluation includes 
flywheel size and material, methods of 
charging, recovering, and transmitting 
flywheel energy, and safety, and cost- 
effectiveness. 

Studies, research, and development are 
currently underway by the National 
Aeronautics and Space Administration/ 
Marshall Space Flight Center for the 
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Bureau of Mines to develop the coal inter- 
face detectors and associated control sys- 
tems required for the automation of a 
longwall shearing machine. The specific 
goal is to define, test, and recommend 
practical low-cost guidance and control sys- 
tems and detectors required for the devel- 
opment of an automated  bidirectional 
double-drum arranging shearer/loader. 

To date, the following four sensor types 
have survived the feasibility tests and are 
being developed further by laboratory and 
field testing: (1) Nucleonic, which employs 
back-scattering gamma rays to measure the 
thickness of coal left on the roof or floor 
after cutting; (2) radar, which employs an 
FM or CW single-antenna radar to measure 
depths of coal and/or strata in roof or floor 
after cutting (discrimination depends on 
differences in the dielectric constant of the 
materials); (3) sensitized pick, which uses a 
strain-gaged pick block to measure force on 
cutting bit and discriminates between hard 
and soft materials; and (4) penetrometer/ 
reflectometer, which is a dual sensor which 
measures the impact hardness and color of 
material left exposed on roof or floor. A 
fifth sensor is being developed for the Bu- 
reau that is based on an analysis of the 
vibration spectrum of the coal-cutting oper- 
ations. 

Concurrent with the detector develop- 
ment work, concepts for shearer guidance 
and control systems, utilizing one or a suite 
of detectors, were being evaluated. This 
evaluation includes mathematical simula- 
tion of the control system, identification of 
hardware design approaches, and the defini- 
tion of the system requirements. 

In addition, studies were being conducted 
on methods for measuring the alinement of 
the longwall coal face with respect to estab- 
lished mine reference locations. Measuring 
instruments that can measure the path of 
the face conveyor (yaw) have been devel- 
oped and were undergoing laboratory eval- 
uation. Instruments also have been iden- 
tified for measuring the shearer tilt (roll 
attitude). 

The choice of detectors will depend ulti- 
mately on the physical properties of the 
` roof, coalbed, and floor; the mining strategy 
(how much coal to leave, how much roof or 
floor to cut, etc.); and the accuracy of the 
fully developed sensors. 

Because of new impetus on coal to satisfy 
U.S. energy demands, the Bureau of Mines 
had a program for improving underground 
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coal production. Part of this effort is the 
" Automated Continuous Roof Support" sub- 
program for developing and demonstrating 
equipment that will increase production 
and lower coal costs. 

An approach to increasing room-and- 
pillar production is to provide more oper- 
ating time for high-capacity continuous 
miners. By installing supports during the 
mining operation, the separate steps requir- 
ed for mining and supporting can be elimi- 
nated. Eliminating separate mining and 
bolting operations with equipment that can 
simultaneously mine coal and install roof 
supports would then enable a miner/bolter 
to produce 750 tons of coal per shift—a 
considerable improvement over today's 350- 
ton rate. The Bureau has contracts to de- 
sign, fabricate, assemble, and test equip- 
ment that combines the bolting and mining 
functions. 

The Bureau of Mines is conducting re- 
search to help apply the potential benefits 
of mining uranium by in situ leaching. In 
situ leaching presently provides only a 
small fraction of the Nation's uranium 
production. There are certain problems to 
be overcome before in situ leaching will 
contribute large amounts of uranium. One 
of these problems is optimizing the type and 
concentration of chemical lixiviant for the 
particular ore being leached. Α second prob- 
lem is optimizing the construction of in- 
jection wells so as to minimize clogging; in 
certain types of deposits, organic drilling 
fluids have caused clogging. Α description of 
the preferred method of making injection 
wells was being prepared for publication. 

The third problem is limiting the lixiv- 
iant to the uranium-bearing zones, especial- 
ly when there are several layers of ore. 
With conventional methods of placing 
screens, the barren zones between the 
uranium-bearing zones are exposed to the 
lixiviant. An alternative method is to case 
and grout the well all the way to the bottom 
of the lowest uranium-bearing zone, then 
perforate the casing and grout at the de- 
sired levels. The Bureau of Mines has devel- 
oped an excellent technique for making the 
required perforations by using a high- 
pressure water jet. The water jet makes 
smaller, more regular holes than mechani- 
cal perforations, and so provides better sand 
control. The water jet not only can be used 
to make original perforations, but also can 
make new holes in a clogged screen. Both 
applications were tested successfully in 
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Texas. By such research, the Bureau is 
attempting to improve the efficiency of in 
Situ uranium leaching so that lower grade 
and smaller deposits can contribute to the 
Nation's energy supply. 

Explosive fracturing of copper ore bodies 
in preparation for in situ leaching is a new 
technology with a high potential for devel- 
oping low-grade deposits. The Bureau initi- 
ated field research to assist mining compa- 
nies in developing this technology. The 
Bureau and a mining company conducted a 
cooperative in situ leaching research pro- 
gram at a mine near Kingman, Ariz. The 
objective was to develop in situ leaching 
methods for 200,000 tons of ore exposed in 
the pit bottom and also 3 million tons of ore 
under 200 feet of overburden adjacent to the 
pit. The grade of the ore remaining at the 
mine had became marginal, and it was no 
longer economical to continue open pit oper- 
ations. 

In another cooperative research program 
the Bureau and another mining company 
began investigating the in situ leaching 
potential of copper ore along the fringes of 
an open pit mine near Benson, Ariz. This 
fringe ore is beyond the projected pit limits 
and if an in situ leaching system is success- 
ful, the life of this mine would be extended 
and the total copper production would be 
increased. 

The techniques demonstrated by these 
Government-industry cooperative efforts 
can be of significant industrial value to any 
company that is considering the use of in 
situ leaching. 

For over 5 years, the Bureau has spon- 
sored research for the development of a 
conical reamer for hard rock. This device 
attacks the hole bottom at an angle, which 
decreases the force on individual cutter 
elements to be spaced further apart than is 
possible with a tricone bit. As a result, this 
geometry leaves more room for cutter bear- 
ings and, consequently, has the potential for 
longer bit life. 

The Bureau, with the cooperation of two 
firms mining taconite, conducted an exten- 
sive field test of the conical reamer blast- 
hole bit on the Minnesota Mesabi Iron 
Range in 1976. Taconite rock is extremely 
hard (50,000 to 75,000 pounds per square 
inch), so these tests enabled the Bureau to 
evaluate performance under very severe 
conditions. The tests were considered a 
technical success, but the economic analysis 
indicated that for drilling in taconite, the 
conical reamer bit is more expensive than 
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using a standard bit. The technology has 
been transferred to industry. A manu- 
facturer recently began marketing the bit 
and apparently the bit is performing very 
well in softer formations. 

To encourage improved production and 
work efficiency, the Bureau contracted re- 
search for the design, fabrication, and field 
testing in a vein mine of an improved 
portable man-rated service hoisting system 
for transporting men, supplies, and equip- 
ment into stopes. The following general 
requirements were designed into the hoist- 
ing system: (1) Capable of operating at a 
speed of 50 feet per minute under normal 
2,000-pound man-rated load; (2) capable of 
serving a 3,000-foot raise; (3) capable of 
operating with a 4,000-pound payload of 
equipment; and (4) capable of being moved 
and reinstalled quickly and easily in other 
stopes in the mine. The system was field 
tested for a 6-week period at a mine in 
Colorado. Minor modifications and addition- 
al in-mine testing and demonstration are 
planned. 

The Bureau of Mines has a contract to 
develop a remote controlled, mechanized 
shotcrete placement system for raise drilled 
shafts. This is to eliminate the major deter- 
rent of the current lining process, which is 
slow, costly, and dangerous owing to the 
need for men in the shaft. On a single shift 
basis, this shotcrete system could conserva- 
tively place 30 feet per day figuring 50% of 
an 8-hour shift to be operating time. By 
adding two more shifts, this rate could 
conceivably be increased to 90 feet per day. 
Based on a conservative analysis, the eco- 
nomics of the system look extremely at- 
tractive. Excluding research and develop- 
ment costs, an estimated $9.00 per foot cost 
saving was realized on the demonstration 
shaft. Not figured into the cost analysis 
were such factors as the benefits gained by 
faster development and the loss of fewer 
raises due to collapse. The system is under- 
going a refinement phase to correct short- 
comings noted on mine equipment trials. 
Subsequently, the system will be demon- 
strated in a deeper shaft. 

The underground auger has the potential 
advantages of low capital and operating 
costs, and high tons per manshift output. 
With a Bureau contract, a project was 
successfully constructed, demonstrating 
peak production rates reaching 130 tons per 
shift or about 25 tons per manshift. An 
extension to the contract to gather more 
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field data and improve the machine has 
been granted. Under an in-house project, 
several high recovery auger mining (Hi- 
ream) systems were developed. The first 
involves drilling square holes with or with- 
out temporary support for a potential recov- 
ery of 75%. The second system uses a 
backreaming tool that allows holes to be 
drilled closer together with or without tem- 
porary support for a potential recovery of 
72%. During fiscal year 1976, prototype 
equipment was developed and tested for the 
square hole drilling system, the circular 
backreaming system, and the temporary 
support system, all of which appeared feasi- 
ble. 

Environmental restrictions imposed on 
contour mining in steep slope areas of 
Appalachia have prompted the develop- 
ment of new mining techniques, such as the 
haulback or blockcut method, which permit 
controlled placement of overburden and 
eliminate spoiling on the outslopes. The 
major disadvantage associated with these 
methods is that production is lowered main- 
ly because of time delays caused by equip- 
ment cycling and interference between coal 
mining and overburden handling equip- 
ment causes congestion in the pit area. 

The feasibility of portable belt conveyors 
for handling of overburden either along the 
lowwall or highwall is being examined un- 
der a Bureau contract. These conveyor 
haulage systems alleviate the pit congestion 
and production hinderances associated with 
truck haulage of overburden through the 
active pit area in haulback and blockcut 
mining methods. 

Two systems each using portable belt 
conveyors have been developed. In the 
lowwall concept, the conveyor units are 
placed along the lowwall side of the pit. A 
front-end loader places the overburden into 
a hopper, to screen oversize material, which 
feeds the belt conveyors. The conveyors 
transport the material through the pit to 
the reclamation site. Here a reclamation 
stacker is used to deposit the overburden for 
final grading by dozers. In the highwall 
concept, similar equipment is utilized; 
however, the conveyor units run along the 
highwall. A single lift elevator lifts the 
overburden from the bench to the top of the 
highwall where it is deposited onto the 
conveyor units. The conveyors run along 
the top of the highwall and feed into a 
highwall reclamation stacker, which depos- 
its the overburden into the pit for final 


grading. 
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Evaluations indicate that conveyor haul- 
age of overburden offers numerous advan- 
tages over trucks such as potentially higher 
production rates, additional coal recovery, 
improved reclamation due to concurrent 
backfilling, improved spoil placement, and 
reduced pit congestion. Of the two concepts 
developed, the lowwall system has the most 
promise. 

Only a small portion of the vast reserves 
of oil shale can be mined by conventional 
surface or underground techniques. To re- 
cover the remainder of this fuel, a modified 
in situ technique will be required. Through 
a contract, the Bureau assessed the techni- 
cal and economic feasibility of a modified in 
situ process. In the modified technique, 
upper and lower development levels are 
advanced by standard mining methods. 
Compared to conventional mining methods, 
the modified in situ method will minimize 
surface disposal problems, increase resource 
recovery in thick beds, reduce surface dis- 
turbance, and reduce capital plant costs. 

Areas of investigation important to the 
development of a modified in situ operation 
are the geology and mineralogy of the tract 
to be mined, rock mechanics for mine de- 
sign, access mining systems, ventilation re- 
quirements, rubblization technique, in situ 
retorting parameters, safety considerations, 
and environmental impact. 

The feasibility study indicated that modi- 
fied in situ oil shale mining is a technically 
feasible, environmentally acceptable, and 
economically competitive energy alterna- 
tive. À typical retorting facility producing 
50,000 barrels per day from 20-gallon-per- 
ton shale, utilizing 230-foot-high retorts un- 
der 1,000 feet of overburden will produce 
kerogen for $8.75 per barrel (January 1975 
dollars. Various other combinations of 
parameters yielded costs varying from $7.70 
to $15.50 per barrel. Additional economy 
and resource utilization can be attained by 
surface retorting of the development mate- 
rial 


The Bureau's environmental efforts are 
directed to the correction of adverse effects 
of past mining and mineral processing and 
to the development of new environmentally 
acceptable technology for methods of min- 
ing and processing in the future. 

Most of the current mined-area restora- 
tion efforts are in the Appalachian region. 
Considerable progress has been made in 
techniques of back-filling mine voids to 
prevent surface subsidence in urban areas. 
Surface reclamation projects have demon- 
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strated procedures and costs for converting 
strip-mined land to such public uses as 
schools, shopping and residential areas, and 
recreation. 

Results of these research/demonstration 
projects are applied in the Bureau's admin- 
istration of the Mining Area Restoration 
Section of the Appalachian Regional Devel- 
opment Áct in which the improvement of 
environmental quality and protection of 
public health and safety are major con- 
cerns. Α demonstration of subsidence con- 
trol is underway for two residential areas in 
western Illinois. In the anthracite region of 
Pennsylvania, the recovery of low-sulfur 
fuel from mine refuse is receiving major 
attention. Bureau research into technology 
for future mining emphasizes surface ef- 
fects resulting from both underground and 
surface mining, with special attention to 
integrated reclamation practices and to pre- 
vention of uncontrolled future subsidence. 

Reclamation research workshops were 
held in eight States during the period from 
December 12, 1975, through June 25, 1976, 
under a Bureau of Mines contract with the 
University of Missouri-Rolla. The work- 
shops were designed to help define the 
Bureau's research and development priori- 
ties. At each workshop a summary of cur- 
rent Bureau mine reclamation research was 
presented, which was followed by identifica- 
tion of problems associated with mine land 
reclamation in the State where the meeting 
was being held. Discussions included the 
seriousness of problems locally and how the 
Bureau could best undertake research to 
assist in developing the technology for solv- 
ing the problems identified. Participants 
included representatives of State agencies, 
educational institutions, and companies 
involved in surface mining. 

The Bureau of Mines principal activity in 
the area of subsidence control has been the 
development of an improved method for 
backfilling abandoned mine workings par- 
ticularly in urban areas. During 1976, sur- 
face stabilization was needed in an area in 
Jessup, Pa., where subsidence had already 
started. Because caving of the workings 
would limit the lateral migration of slurry 
underground, a pumped-slurry demonstra- 
tion project was tailored to fit the site 
conditions. Experience was gained in back- 
filling areas where the uppermost mined 
coalbed was close to the surface. Problems 
of fracturing or flooding basements of 
houses, or disturbing masses of caved mate- 
rial within the mines, were avoided by 
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careful control of pumping pressures. 
Throughout 1976, the Bureau experimented 
with the pumped-slurry backfilling process 
to expedite the procedure and minimize 
costs. 

The Bureau of Mines has been asked by 
the Congress to direct its technical efforts 
toward resolving problems associated with 
the nonutilization of recoverable low-sulfur 
coal from refuse in the northern anthracite 
region of Pennsylvania. As a result the 
Bureau is in the initial stage of evaluating 
proposals to cooperate in the design, con- 
struction, and operation of an anthracite 
refuse preparation plant. The objective of 
this project will be to increase the supply of 
anthracite through actual recovery of coal 
from anthracite refuse sources located in 
northeastern Pennsylvania. In addition, it 
is hoped that the demonstration of a feasi- 
ble system for reclaiming coal from anthra- 
cite refuse and the resulting economics will 
lead to production of anthracite at a reduc- 
ed cost, thereby showing how coal from 
mine refuse can produce a low cost/high 
quality fuel. 

Abandoned coal mines and oil and gas 
wells in some areas leak large amounts of 
water containing acid and other pollutants 
into surface waters. Fires in abandoned 
underground mines, coal outcrops, and re- 
fuse piles can be a source of air pollution to 
neighboring residents as well as threaten 
surface improvements and adjacent coal 
deposits. Mined-area restoration projects 
undertake to alleviate these problems. They 
include projects funded on 75% Federal, 
25% State basis by the Appalachian Region- 
al Commission, in-house research and dem- 
onstration projects that are funded entirely 
by the Bureau, and cooperative projects 
with the Commonwealth of Pennsylvania. 
The Bureau has been involved with mine 
water problems through monitoring, deep 
mine pumping, surface water diversion, wa- 
ter treatment methods, and oil and gas well 
sealing projects. 

Various methods have been developed for 
dealing with fire problems. Outcrop fires 
are sometimes smothered and sometimes 
excavated and extinguished; underground 
fires in abandoned mines are controlled by 
placement of noncombüstible and airproof 
barriers. A special “ponding” method has 
proved successful in extinguishing burning 
refuse banks while reducing temporary pol- 
lution problems that accompany other 
methods. 
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Several years ago the Bureau of Mines 
conducted a mined land survey to deter- 
mine how much land was used, and reclaim- 
ed, by the mining industry during the pe- 
riod 1930-71, inclusive. More recently the 
Bureau undertook a similar survey, the 
results of which will be used to update data 
previously obtained. Unlike the earlier 
study, which covered land used in the pro- 
duction of all commodities during a 41-year 
period, this study focused on acquiring data 
on land utilized by the bituminous coal and 
lignite industry for 1975. Information was 
sought from the coal industry itself, includ- 
ing corroborative data from Federal and 
State agencies, and mining and trade asso- 
ciations. State agencies were also canvassed 
for 1975 data on administration and en- 
forcement of surface mining regulatory 
procedures. Results of the survey will be 
disseminated through published Bureau re- 


ports. 

During 1976, the Bureau held four open 
industry briefings under the Technology 
Transfer program, attracting over 500 peo- 
ple from the mining industry and allied 
fields. Technology transfer seminars are 
used to introduce and stimulate the transfer 
of specific technologic “packages,” or groups 
of transferrable results from single research 


areas or combinations of related areas. Dur- 


ing 1976, a seminar on respirable dust 
control was held in Pittsburgh, Pa., and 
Denver, Colo., in September. Exhibits and 
displays are widely used at major industry 
conferences and trade shows as another 
means of keeping industry abreast of on- 
going research programs and accomplish- 
ments. Audiovisual presentations and hard- 
ware displays and demonstrations are em- 
ployed in the technology transfer exhibit. In 
1976, the exhibit was used at six such 
meetings, attracting estimated audiences 
totaling 5,500. 

In-mine demonstrations and field trials 
are frequently important elements of the 
technology transfer process and are aimed 
at demonstrating the usefulness and ap- 
plicability of new technology. Significant 
demonstrations and field trials completed, 
or ongoing, during 1976 included shallow 
seismic geophysical technique for detection 
of coal seam disturbances, prototype roof 
bolting machine with flexible drill and bolt 
bender, automatic fire detection and sup- 
pression system for mine shafts, and shield- 
type supports on longwall faces in Utah, 
New Mexico, and Illinois. 

Technology News bulletins were used 
throughout the year to report research 
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results ready for use by the industry. Elev- 
en issues published during 1976 reached 
over 3,000 subscribers in the mining indus- 
try and related fields. 

Other special publications used by the 
Bureau to inform industry of mining re- 
search developments include Mining Tech- 
nology Research, an annual description of 
program funding and goals, and Mining 
Research Review, an annual review of se- 
lected activities and accomplishments. 
These are augmented by the Bureau’s regu- 
lar publication series, technical papers in 
the trade press, and presentations at major 
industry meetings. 

The Bureau film “Safer Coal Mining 
Equipment," which describes the Inherent- 
ly Safe Mining Systems program, was re- 
leased and by the end of the year had been 
seen by an estimated 3,000 individuals in 
industry, government, and academia. The 
film is first in a new series of technology 
transfer films now being produced by the 
Bureau of Mines. 

The licensing of technology contained in 
Government-owned patents provides anoth- 
er mechanism for technology transfer. 
During 1976, the Bureau's Mining Research 
activities were responsible for the issuance 
of 26 U.S. patents to the Department of the 
Interior. Seventeen of these inventions re- . 
sulted from contracts and grants with com- 
mercial organizations and universities. Li- 
censes to practice the technology are avail- 
able to qualified parties from the Solicitor, 
Department of the Interior. 

The major coal-producing nations of the 
world conduct substantial research towards 
improving coal mining techniques and 
equipment and developing more positive 
means to protect the miners from health 
and safety hazards. Of the 38 countries 
mining coal, 19 are known to sponsor na- 
tional research and development programs. 
Α remarkable aspect of this statistic is that 
about 98% of the world's coal miners are 
covered by the work of these research or- 
ganizations. 

An important international organization 
is the International Committee for Coal 
Research. The concept of this group was 
proposed in May 1973 by Carl E. Bagge, 
president of the National Coal Association 
at the annual meeting of the European Coal 
Association. Mr. Bagge’s proposal resulted 
in an agreement to jointly sponsor a com- 
mittee to seek coordination of the coal 
technology research efforts of the European 
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community and the United States. The 
organizing committee adopted the name 
International Committee for Coal Research 
(ICCR) and agreed to sponsor the third 
international conference in Sidney, Austra- 
lia, in October 1976. 

The Bureau of Mines has been an active 
supporter of ICCR since its creation, and the 
goals of the organization reflect the mission 
of the Bureau to increase the production 
and use of coal consistent with maximum 
protection to the miner and the environ- 
ment. 

The world's major coal producers support 
a significant research and development pro- 
gram in coal mining. Collectively, this effort 
has resulted in substantial progress in 
mechanization and improved safety. With 
the increase in collaboration and coopera- 
tion on an international basis, even greater 
progress should take place at an accelerated 
pace. Towards this goal, the United States is 
committed to expand and strengthen its 
research and development ties with other 
coal-producing nations. 

Metallurgy. —The general objective of the 
Metallurgy program is to assure a supply of 
mineral raw materials, essential to the 
Nation's security and full employment, by 
improving minerals and metals processing 
technology. Research and development is 
carried out to develop new technology or 
improve existing processes to permit the 
utilization of domestic low-grade ores, to 
develop substitute sources of raw materials, 
to augment the resource base through re- 
covering byproducts now bypassed by cur- 
rent technology, to reduce the usage of 
critical materials by developing substitute 
materials or materials having longer life, 
and to improve recovery from wastes and 
secondary sources. Primary concerns in- 
clude the development and improvement of 
metallurgical operations to avoid environ- 
mental degradation, to minimize energy 
use, and to secure the health and safety of 
workers and the general populace. 

The Bureau's miniplant for testing and 
evaluating processes for recovering alumina 
from domestic nonbauxitic resources con- 
tinued to operate at Boulder City, Nev. This 
cooperative project, with the support and 
advice of the alumina consuming industry, 
considered six potential processes. These 
included nitric acid, hydrochloric acid (both 
the evaporative and sparging crystallization 
options), and sulfurous acid processes for 
the extraction of alumina from clay and 
processes for treating anorthosite, alunite, 
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and dawsonite. A firm under Bureau of 
Mines contract was to evaluate the major 
processes for commercial feasibility and 
make a preliminary pilot plant design for 
the process selected for further develop- 
ment. 

Curtailment of natural gas deliveries to 
taconite pelletizing plants of the Lake Supe- 
rior region was the stimulus for Bureau of 
Mines investigations of the induration of 
iron ore pellets using substitute fuels. A 
variety of low-rank coals were being tested 
using a cyclone burner to remove the coal 
ash as a slag externally and thereby pre- 
vent contact of the ash with the pellets. A 
californium-252 source/gamma ray analyz- 
er was being used for continuous monitor 
flotation pilot plant slurries during a series 
of beneficiation tests on Mesabi taconite at 
the Bureau Twin Cities Metallurgy Re- 
search Center. The californium-252 system 
was found to be accurate enough to be used 
for the direct determination of iron anal- 
yses and has shown potential for use as a 
process control device. 

With the depletion of sulfide ores, laterite 
oxide deposits are being increasingly utiliz- 
ed as a source of nickel. Under a Bureau of 
Mines contract, Phase I of a study was 
completed to determine the technical and 
economic feasibility of the Bureau’s ex- 
traction process utilizing low-grade domes- 
tic western laterite ores. The study, based 
on a 5,000- ton-per-day commercial scale 
plant for extracting nickel, cobalt, and cop- 
per, found that the process was technically 
feasible and, depending upon financing 
structure, could provide a modest return on 
equity. The report, (OFR 65-76) is available 
for inspection at the Bureau’s Metallurgy 
Research Centers, and is available from the 
National Technical Information Service (PB 
256 574/AS). 

A recent development by the Bureau of 
Mines was an improvement on established 
cyanide-leaching procedures for gold- and 
silver-bearing ores. A solution of ethyl alco- 
hol and alkaline cyanide is used to strip 
loaded carbon, thereby reducing the time 
required for this key step without reducing 
effectiveness. Procedures were developed 
for separating smaller amounts of silver 
from gold-laden solutions. A portable car- 
bon stripping unit for gold-silver recovery 
from activated carbon was being field test- 
ed. 

The Bureau of Mines was supporting 
research to apply recent developments in 
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membrane technology to the liquid-liquid 
extraction and separation of metals from 
solution. Laboratory research, conducted 
under a Bureau contract, demonstrated 
that copper can be concentrated from ore 
leach liquor using active transport through 
specially prepared membranes. The special 
microporous membranes employed were 
fabricated to contain a water-immiscible 
extractant system in the pores. The com- 
plexing agent in the organic phase was 
selected to specifically extract copper ions; 
it served as a "shuttle" to transport metal 
ions across the membrane in one direction 
and hydrogen ions in the opposite direction. 
The counterflow of hydrogen ions is the 
driving force to separate and concentrate 
the metal ions in the second (aqueous) phase 
on the other side of the membrane. Α bench- 
scale unit was under construction to permit 
evaluation of potential scale-up problems, 
including possible membrance fouling and 
reagent loss. Laboratory studies were un- 
derway to select and optimize the ex- 
tractant systems in the membranes for 
extracting nickel and uranium. 

Viburnam Trend lead ores contain 4,500 
tons of cobalt and nickel which is discarded 
annually with mill tailings and smelter 
residues. Bureau of Mines beneficiation 
studies were developing procedures to con- 
centrate the cobalt and nickel, which is 
contained in the mineral siegenite, in one of 
the byproducts and to extract and win these 
critical metals from the byproduct. 

The Bureau of Mines was planning to 
accelerate development of an electrolytic 
procedure for recovering lead from galena 
under a cooperative agreement with major 
lead producers. The new procedure, which 
has already shown promise in the laborato- 
ry, is to be explored using continuous pro- 
cess development facilities. In the proce- 
dure, galena is leached with a hot solution 
of ferric chloride and sodium chloride. El- 
emental sulfur is recovered and lead 
chloride crystals are dried, melted, and 
electrolyzed to produce molten lead and 
chlorine gas. The chlorine gas can be recy- 
cled to make more ferric chloride for fur- 
ther leaching. 

Recent advances in the development of 
electroslag melting have stimulated inter- 
est in the process among metal producers. 
Bureau of Mines Bulletin 669, “The Electro- 
slag Melting Process," is a timely review of 
this technology, including choice of fluxes 
and applications to reactive metals, base 
metals, ferrous alloys, superalloys, and re- 
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fractory metals. Important basic mecha- 
nisms such as electrochemistry, thermo- 
chemistry, and heat transport are also des- 
cribed. 

After intensive testing of the potash flota- 
tion system developed by the Bureau, the 
system was incorporated into the operations 
of a firm near the Great Salt Lake. Former- 
ly the firm was able to use only the high- 
grade salts deposited as a result of solar 
evaporation of Great Salt Lake brine for 
processing into fertilizer. The Bureau's 
method converts  nonfloatable kainite 
(KCleMgSO,°3H;0) to a salt which can be 
floated using fatty acids. The new plant 
treats evaporites averaging 6% Κ.Ο to re- 
cover 80% of the potash in concentrates 
assaying more than 14% Κ.Ο. In a related 
development a procedure was found for 
recovering much of the saturated potash 
brine that has been lost with the slime 
during the beneficiation of potash ores. 

The Bureau developed a new method for 
preparing molds for casting titanium that 
reduces cost and uses less energy. Because 
of titanium's chemical reactivity at liquid 
metal temperatures, there are few candi- 
dates for titanium molding materials: 
Graphite, high-cost ceramics, or refractory 
metals. The Bureau of Mines developed low- 
reactivity zircon molds with silicate bind- 
ers; the sand may be reused through many 
cycles. Curing schedules are low (250* C) 
compared with those of industry (950* C), 
reflecting an important energy saving. The 
surfaces of the titanium castings produced 
by the Bureau method are similar to other 
metal castings used for utility hardware, 
such as pipefittings and pump housings. 

Secondary Resources Recovery and Pollu- 
tion Abatement.—Waste glass from the Bu- 
reau's College Park Raw Refuse Pilot Plant 
was incorporated into two 5-foot sections of 
glass-polymer-composite sewer pipe by the 
Brookhaven National Laboratory. In Dece- 
mber 1975 these sections were installed in 
the sewer system of an industrial area of 
Newark, N.J., containing high-acid waste 
water. In September 1976, an inspection by 
remote television camera showed no evi- 
dence of pipe distortion or failure, infiltra- 
tion through joints or pipe wall, and no 
deposits. Periodic inspections are to con- 
tinue. This study was part of an effort to 
develop a market for products of municipal 
refuse plants. 

Bureau of Mines Report of Investigations 
8123 describes a new method for processing 
lead battery scrap that eliminates nearly all 


26 


of the sulfur dioxide emission produced 
when normal reverberatory or blast furnace 
methods are used. The patented method 
employs a hydrometallurgical step to con- 
vert lead sulfate to lead oxide and calcium 
sulfate. The lead oxide is then reduced by 
carbon, and the calcium sulfate removed 
with a flux. This promising nonpolluting 
method for recycling battery scrap has lead 
recoveries as high as 9790. 

Pilot plant tests of the citrate process for 
recovering of sulfur from smelter waste 
gases were concluded at a lead smelter in 
Kellogg, Idaho. The plant, which treated 
1,000 to 1,200 standard cubic feet per min- 
ute or a gas stream containing 0.3% to 0.5% 
SO,, provided engineering data on gas con- 
ditioning, SO, absorption, sulfur precipi- 
tation, sulfur recovery, and H, S generation. 
Consistent SO, removal efficiencies in ex- 
cess of 98% were achieved. A $12.7 million 
cost-sharing agreement was signed by the 
Bureau of Mines and St. Joe Minerals Corp. 
to demonstrate the Bureau's Citrate Process 
for scrubbing the air pollutant, sulfur diox- 
ide (SO,), out of powerplant flue gas. The 
agreement will test the Bureau's pro- 
cess for removing SO, in flue gas from a 
50-megawatt coal-fired boiler at St. Joe's 
George F. Weaton powerplant in Monaca, 
Pa. 

Under a cooperative program with the 
Florida phosphate mining industry, the Bu- 
reau was investigating methods for dewa- 
tering and stabilizing waste slimes from 
processed ores before impoundment of the 
slimes. The most promising result to 
date stems from a  Bureau-developed 
flocculating-dewatering technique: À ρο- 
lymer of polyethylene oxide used as the 
flocculant and a special mechanical han- 
dling system dewatered slimes at a rapid 
rate. Whereas years are required to thicken 
the slime using the conventional storage 
system, only minutes are needed with the 
new scheme. This relatively simple system, 
which can be adapted for in-line processing, 
requires mixing the slime with the floccu- 
lant and conveying the slurry through a 
rotating trommel-like, wire mesh screen to 
remove water and discharge a thick, solid 
mass. In small-scale, continuous tests, re- 
tention periods of about 5 minutes yielded 
25% to 35% solid products from feeds con- 
taining only 2% to 5% solids. 

As a means of avoiding the slime disposal 
problem inherent in the present method for 
treating Florida land-pebble phosphate ma- 
trix and to recover phosphate now lost in 
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beneficiation to slimes, the Bureau of Mines 
has been studying the direct sulfuric acid 
digestion of the phosphate matrix. Tests 
showed that about 90% of the P. O, could be 
extracted to form sandy filter cakes, com- 
prised mostly of quartz and gypsum, which 
appear suitable for backfilling. Unfortu- 
nately, the product acid produced by direct 
digestion sometimes contains high levels of 
aluminum and iron. Procedures are being 
worked out for reducing the levels of these 
contaminants to enhance acid stability 
during storage and transportation. 

The Bureau of Mines constructed and 
operated a miniplant to test its laboratory- 
developed technology for recovering alumi- 
num metal and aluminum oxide from the 
salt slag generated during treatment of 
aluminum dross by the secondary alumi- 
num industry. The Bureau procedure com- 
bines leaching, screening, and filtering to 
separate the slag into an aluminum-rich 
fraction, an aluminum oxide fraction, and 
brine solution. The fluxing salts (NaCl-KCl) 
are recovered from the brine by submerged 
combustion evaporation. The salts and the 
recovered metal can then be recycled to an 
aluminum dross treatment furnace. 

Preliminary evaluation of the durability 
and stiffness of sulfur-asphalt-concrete mix- 
tures developed by the Bureau suggest that 
they may be able to last at least 15 years 
under heavy traffic conditions. The sulfur- 
bearing material can be formulated to have 
twice the dynamic stiffness of conventional 
paving thereby permitting placement of 
thinner road sections with a corresponding 
savings in raw materials. Sulfur-substituted 
asphalt paving was found in Bureau studies 
to be less susceptible to attack by gasoline, 
jet fuels, and diesel oil than is conventional 
bituminous concrete. Long-term wear and 
weathering tests were underway at a num- 
ber of heavily trafficked road and airport 
locations. 

The loss of critical metal values in stain- 
less steel wastes and ferroalloy fumes 
prompted Bureau of Mines research to 
develop technology for recycling these 
wastes. In the Bureau:developed procedure 
the various stainless steel wastes are pellet- 
ized with 10% coke breeze and 5% portland 
cement. The pellets are reduced in an 
electric-arc furnace using a second stage 
ferrosilicon addition which is required to 
complete the reduction of chromium. 

Approximately 196 to 296 of the charge in 
electric furnace steelmaking comes off as 
particulates. This flue dust is a rich source 
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of zinc (values are substantially higher than 
in ore) but although there are several 
processes for recoveging the metal, none are 
considered economic in the United States. 
Bureau of Mines Report of Investigations 
8209, “Electric Furnace Steelmaking 
Dusts—A Zinc Raw Material" reviews ex- 
traction technology and presents results of 
Bureau of Mines reduction-volatilization 
tests on pelletized electric furnace dusts 
that achieved high recoveries of zinc. The 
data are sufficiently encouraging to war- 
rant consideration of electric furnace dusts 
as raw material for zinc smelters. 

Microscopic mineral particles were 
studied using specialized scientific discip- 
lines that can clearly identify such poten- 
tially harmful substances as asbestos and 
distinguish them from thousands of other 
mineral particles. These studies were being 
performed by the Particulate Mineralogy 
Unit established in 1976 at the College Park 
(Maryland) Metallurgy Research Center of 
the Bureau of Mines. The new research unit 
utilizes the Bureau’s recognized expertise in 
particulate mineralogy to eliminate lack of 
precision with which the term “asbestos” is 
used, a situation having environmental and 
health implications. The objective of this 
unit is to develop a solid scientific basis for 
research into particle-related pollution 
problems and to provide technically sound 
information on the identification of particu- 
lates involved in regulatory and research 
activities of Federal, State, and local 
agencies. The unit has been working toward 
the development of new and improved 
analytical methods for positively identify- 
ing small particles. As part of its activities, 
the unit has been preparing, precisely iden- 
tifying, and characterizing various fibrous 
minerals which are then supplied to the 
National Institute of Environmental Health 
Sciences for medical investigation. The unit 
itself performs no medical studies. 

The Imperial Valley of California con- 
tains several large geothermal reservoirs 
with potentially valuable resources, the re- 
covery of which is seriously hindered by 
corrosion and scaling problems. In coopera- 
tion with the Energy Research and Develop- 
ment Administration, Bureau researchers 
erected mobile laboratory facilities at the 
Salton Sea geothermal field near Niland, 
Calif. In 1976 the Salton Sea facility test- 
ed 6,400 samples for general corrosion, 
stress corrosion cracking, corrosion fatigue 
failure, and electrochemical properties. 
Also the solubilities of hydrogen sulfide, 
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oxygen, carbon dioxide, and methane in 
geothermal! brines was determined, and the 
role of these gases in corrosion, scaling, and 
mineral-recovery processes evaluated. 

Economic Analysis.—The Bureau’s eco- 
nomic research program in 1976 continued 
to focus on economic factors that affect the 
minerals sector as well as on how the 
mineral industries affect and are affected 
by conditions prevalent in the national and 
international economies. The purpose of 
this research was to provide decisionmakers 
with accurate, up-to-date information and 
analysis to use in choosing among alterna- 
tive courses of action. The economic analy- 
sis program attempted to develop the gen- 
eral methodology necessary for such analy- 
sis, as well as information relevant to prob- 
lem solving in the field of mineral econom- 
ics. Major long-term research projects 
included the study and forecasting of de- 
mand, supply, and productivity; commodity . 
action analyses; mineral taxation; financial 
analysis; mineral transportation; interna- 
tional trade; ocean mining; input-output 
analysis; mining and land use; waste recy- 
cling; measures of the role of minerals in 
the U.S. economy; a weekly price report on 
fuels and minerals; and a monthly report on 
major minerals. Short-term projects under- 
taken in 1976 included: A second round 
study of the methodology for determining 
strategic stockpile levels, analysis of the 
Bureau of Mines information system, a 
mathematical model to determine an opti- 
mal stockpile to counteract foreign-induced 
commodity actions, an examination of the 
relationship of the percentage depletion 
allowance to nonfuel mineral supplies, 
development of a computer system to esti- 
mate aluminum old scrap recovery in the 
United States, examination of the Federal 
Helium Program operating within the Bu- 
reau of Mines, consultations with officials 
in two States on regional economic impacts 
from future mining, study of a tax incentive 
for recycling, cost-benefit analyses, 20-year 
time-trend projections for domestic pro- 
duction of commodities, and material for 
the annual report of the Secretary of the 
Interior. | 

Helium.—The Bureau of Mines conducts 
a helium program under the Helium Act of 
1960 to foster individual enterprise in pro- 
duction and distribution; encourage con- 
servation; and to continue research on all 
phases of production, transportation, and 
use. 


28 


The atmosphere contains an inexhaust- 
ibie supply of helium, but recovery is now 
economically feasible only from natural gas, 
primarily fuel gas. The Bureau annually 
extracts about 350 million cubic feet of 
helium from natural gas at its Keyes, Okla., 
plant. Unsold helium is transported by 
pipeline to underground storage at the Bu- 
reau's Cliffside field near Amarillo, Tex. In 
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1976, the Cliffside field contained about 
42,000 million cubic feet of helium. Mix- 
tures of stored helium @nd native gas pro- 
duced from Cliffside are transported by 
pipeline to the Bureau's Exell, Tex., plant 
for processing. The Bureau has contracts 
with eight firms for which it stores and 
redelivers privately produced helium. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Economic growth in the United States 
continued at a steady rate in spite of the 
slowdown that occurred in the second half 
of 1976. With the assistance of the monetary 
and fiscal policies established during the 
year, real GNP rose at an average rate of 
about 5-3/4%. 

Tax legislation in 1976 made the first 
extensive changes in the tax code since 
1969; in spite of this, fundamental reform 
and simplification of the tax code were not 
achieved. 

Energy price increases were slowed signi- 
ficantly during the year; this resulted par- 
tially from the Energy Policy and Conserva- 
tion Act that became effective in February 
1976. Energy consumption had increased 
owing to the economic recovery in 19/6. 
However, higher prices held the consump- 
tion below previously established levels. 
The mining industry continued to meet 
with environmental regulation problems re- 
sulting from legislation enacted to conserve 
natural resources. This includes the regula- 
tion of mining activity within thé National 
Park System. 

Legislation approved during the 94th 
Congress covered many areas affecting the 
minerals sector of industry in the United 
States. Summarized below are some of the 
more important laws enacted. Amending 
the Mineral Leasing Act of 1920, Public 
Law (P.L.) 94-311 was implemented to pro- 
vide diligent development and continuous 
operation of coal leases on Federal lands. 
Public Law 94-332 and Public Law 94-385 
extended the authority and funding for the 
Federal Energy Administration during 1976 
and extended their authority into the next 
fiscal year. Public Law 94-493 provided a 
renewal and extension of the interstate 
compact to conserve oil and gas to prevent 
physical waste of this natural resource. 
Public Law 94-586 is designed to help alle- 
viate the natural gas shortage in the contig- 
uous States of the United States by trans- 


porting natural gas from Alaska. In the 
environmental area, Public Law 94-580 
amends the Solid Waste Disposal Act to 
promote the protection of health and the 
environment and to conserve valuable 
material and energy resources. Public Law 
94-429 provides for the regulation of mining 
activity within, and repeals application of 
mining laws to, areas of the National Park 
System. In establishing a public land policy, 
Public Law 94-579, the Bureau of Land 
Management Organic Act, was enacted. 
Public Law 94-469 requires testing and 
necessary use restriction on certain chemi- 
cal substances under the title, “Toxic Sub- 
stances Control Act." Public Law 94-455, 
the Tax Reform Act of 1976, has included 
with other sections, an amendment to the 
rules pertaining to limitations on percent- 
age depletion in the case of oil and gas 
wells. Public Law 94-409, the “Government 
in the Sunshine Act," provides that meet- 
ings of Government agencies shall be open 
to the public. A listing of mineral-related 
Federal legislation signed into law during 
1976 follows: 


Public Law m Signed in- 
(P.L) pte to Law 
Energy: 
91258 Establish national petroleum Apr. 5 
reserves on public lands. 

94-332 Extend FEA expiration date. June 30 
94-355 Public works in Water and July 12 
Power Development and En- 

ergy Research Appro- 
praece Act. 
94-370 prove coastal zone man- July 26 
agement for energy 
ντο 
94-377 Federal Coal Aug. 4 
Amendment Act 
94-385 Extend Federal E Aug. 4 
94422 Monies paid to any S Sept. 28 
onies to any 425 pt. 
involving oil shale in public 
may be used by suc 
State. 
94-493 Extend interstate compact to Oct. 14 
conserve oil and gas. 
94-586 te decision on delivery Oct. 22 
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Public La x igned in- € 
(PL) Description σι... Pun Law Description am 
Environ- Trans - 
mental tation: --- 
—— ew o AEN 1 
Act 2 years. 8 
94-558 Loan guarantees for con- Oct. 19 94-373 Appropriation for Interior July 31 
struction of treatment works and related ncies. 
under Federal Water Pollu- 94-409 Goverment in the 5 Sept. 13 
94-580 Provideteennicalandfmans “Gazi a 5 
cial assistance under Re x: agencies to be open to publie. 
source nservation an 
Act of 1976. 
Water σος The acquisition cost of strategic and criti- 
urces al materials in the national stockpile as of 
94-228 Auth d Mar. 11 © p 
fous papi iss. December 81, 1976, was $2.5 billion having a 
94-316 53 for Saline wa. June 22 market value of $6.0 billion. The supple- 
re Conversion mental stockpile acquisition cost was $1.1 
94-423 8 for ederal Sept. 28 billion with a market value of $1.9 billion 
Public š and corresponding Defense Production Act 
Lands: . tockpile fi $0.3 billi d $0.2 
ancs: late 8 Sept. 28 Stockpile figures were $0. on and 50. 
in Sin Nation Fark j billion, respectively. The total acquisition 
94-456 SA Mesi ΜΗ Oct.4 cost of these materials was $3.9 billion 
Ἐς Native Claims Settle- having a market value of $8.2 billion. In 
ment Act. - 1976, disposals from the national and sup- 
94-458 Provide improved adm Oct. 7 , 
tration of National Park plemental stockpiles totaled $90.1 million, a 
vice. , : decline of 16.5% from that of 1975. Includ- 
94-486 Amend Wild and Sce .12 
Aire At. κ ing the Defense Production Act inventory 
94-565 ο payments - Oct.20 and other inventory disposals, the grand 
boundaries on public lands. total of sales commitments for mineral 
94-567 ΜΉ Oet. 20 commodities was $102.3 million. Commodi- 
wilderness ties with largest sales value were tin with 
94-579 e pasty m ant Paley Manage under Fed- Oct. 21 $26.3 million, cobalt with $20.8 million, 
ment. Act of 1 tungsten ores and concentrates with $14.5 
πα aad million, and aluminum with $8.0 million. 
94-469 Toxic substances control. ` Oct. 11 In 1975-76, a major interagency review of 
94-477 Amend Natural n Pipeline Oct. 11 the strategic and critical material stockpile 
94-504 Qualified individuals to hear Oct. 15 Was conducted and in August 1976 the 
n: ΓΤ 55 e d President approved new national stockpile 
Mine Health and Safety Act policies on advice from the National Secu- 
uus of 1969. rity Council. A set of long-range goals for 
94-455 Tax reform, 1976. Sept.28 acquisition and disposal of materials to plan 
ο... for the first 3 years of an emergency, as 
94-560 Continue suspension of du- Oct.19 Opposed to the earlier policy of 1 year, was 
ties on Mn ore and rela announced on October 1, 1976. 
products through June 30, : 
WORLD REVIEW 


World Economy.—In 1976, six major in- 
dustrialized countries—Canada, France, It- 
aly, Japan, the United Kingdom, and West 
Germany—showed economic turnarounds 
compared with 1975. All six countries 
experienced slowdowns in their economies 
to varying degrees in the second half of the 
year compared with the first 6 months. 


Some progress was made in fighting infla- 


tion in 1976, though the problem was still 


far from being solved. Unemployment rates 
in most countries remained high despite 
improved levels of industrial production. 
However, as economic activity increased, 
the volume of trade worldwide also rose. 
The volume of trade increased an estimated 
11% in 1976 compared to a decline of 696 to 
T% in 1975. 

Real GNP growth rates for 1976 were 
estimated at 5.9% in Japan, 5.6% in West 
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Germany, 4.8% in both Canada and France, 
4.5% in Italy, and 0.9% in the United 
Kingdom. Inventory buildups contributed to 
improving economic conditions in these 
countries, but as inventory accumulation 
was completed, consumer spending declined 
and plant and equipment expenditures 
were less than expected. 

World oil prices continued to increase in 
1976, though at a more gradual rate than 
the rapid rise of 1973-74. These higher fuel 
costs have caused continuing economic 
structural adjustments and led to added 
demands for scarce capital resources be- 
cause of the need to develop alternative 
energy sources. 

World Production.—The United Nations 
(UN) indexes of world mineral industry 
production (1970=100) for the extractive 
industries increased 6 index points to 121 in 
1976. Within the extractive industry, the 
metal mining index rose 3 index points to 
106, the coal index increased 1 point to 100, 
and the crude petroleum and natural gas 
index increased 9 points to 180. The mineral 
processing industries indexes showed in- 
creases of 9 points to 121 for base metals, 9 
points to 135 for nonmetallic mineral pro- 
ducts, and 14 points to 146 for chemicals, 
petroleum, and coal products. Overall in- 
dustrial production as measured by the UN 
index rose 11 points to 136 in 1976. 

World Trade.—The value of world export 
trade grew 4.7% to $872.5 billion in 1975 
(latest data available). The value of mineral 
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commodities entering world trade declined 
3% to $253.6 billion. Internationally traded 
metals decreased 9.8% in value to $78.8 
billion, and within this group iron and steel 
declined 1.8% to $45.8 billion, nonferrous 
metals dropped 27.7% to $18.2 billion, and 
all ores, concentrates, and scrap fell 6.4% to 
$14.7 billion. Crude nonmetal exports in- 
creased 6.8% in value to $6.3 billion. The 
value of mineral fuels rose by a negligible 
amount in 1975 to $168.6 billion. 

World Prices.—(Note that all export 
price data, with the exception of the all 
crude minerals index, is for the first three 
quarters of the year only, because the Unit- 
ed Nations discontinued publishing the data 
that would provide the series for the re- 
mainder of the year.) In 1976 mineral com- 
modity export price indexes (1970 — 100) in- 
creased slightly for all crude minerals and 
appeared to have risen for the metal ores 
and fuels sectors. All crude minerals in- 
creased 16 index points to 510, and metal 
ores and fuels averaged 210 points and 616 
points, respectively, for the first three quar- 
ters. Based on data through third quarter 
1976, export prices for total minerals re- 
mained nearly constant in developed areas 
and averaged 595 index points in developing 
areas. Nonferrous base metals showed gains 
in both developed and developing areas, 
averaging 196 points and 123 points, re- 
spectively, based on the first three quarters 
of 19776. 
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Table 1.—Value of crude mineral production, i exports, and imports, by group 


(Million dollars) 
1972 1973 1974 
Mineral group Pro- Ex- Im- Pro- Ex- Im- Pro- Ex- Im- 
duction ports? ports? duction ports? ports? duction ports“ ports? 
Metals and nonraetals 
except fuels: 
Nonmetals___________-_ 6482 152 646 7,419 280 768 6,699 593 1,158 
Metals 3,642 247 988 4,862 253 1,081 5, 501 343 51.758 
: Totalt Luc 10,124 399 1,634 11,775 588 1,849 14,140 876 32917 
Mineral fuelsss??s 22,061 1,108 2,856 25,012 1,155 4815 40,937 2,665 16,545 
Grand total“. 92,185 — 1,508 4.420 ^ 36,787 146886 6,664 55,077 3,542 519.462 
1975 1976 
Production Exports! Imports“ Production Exports? Imports“ 
Metals and nonmetals 
except fuels: 
NonmetalRs _ _ _ _ _ _ _ 9,516 745 11,215 10,547 642 1,201 
etals ο ος E 75,191 372 31,618 6,086 880 31,662 
' ο Ιω ον. 714,709 1,117 r 35 832 16,644 1,022 
Mineral fuelss 147,559 8,557 19,912 52,545 8,255 27,668 
Grand totalt _________ T62,266 4,674 F 322,144 69,178 4,211 330,532 
"Revised 


1For details, see the "Statistical Summary” chapter of this volume. 
?Essentially unprocessed mineral raw material. 

*The value of imports for bauxite was not available. 

*Data may not add to totals shown because of independent rounding. 


Table 2.—Value of crude mineral production by group, 1967 constant dollars! 


(Million dollars) 
Mineral group 1972 1973 1974 1975 19165 

Metals and nonmetals except fuels: 
Nome, ance me ERE 5,162 6,219 6,095 5,838 5,628 
Metals a qꝙ eee ee 8 2,861 3,070 2,956 2,640 2,860 
Total to !! pe a Z= s 8,623 9,289 9,051 7,978 8,488 
Mineral fuels __ _ _ _ 17,075 17,676 17,000 16,628 16,854 
Ganter uu em 25,698 26,965 26,051 24,601 24,842 

PPreli 


1Value deflated by the index of implicit unit value. 
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Table 3.—Indexes of the physical volume of mineral production, by group and subgroup! 


(1967 = 100) 
1972 1973 1974 1975 1976 
METALS 
7); ος reo ⁰ AAA AE iet a ma 98.4 116.0 108.3 96.2 99.8 
Nonferrous 
κ πα σσ σσ πε O E E SEA A 162.8 166.5 159.3 142.7 158.0 
Monetary .........................-.....-...-.-.....-.-.-... 102.7 94.5 86.9 86.2 85.1 
το τς ασ κο NE eL reus UM MEAE 112.6 114.8 122.8 119.2 142.8 
7 ·˙5ððĩDrðſ ⁰ mm a UE 151.1 153.6 148.4 134.8 149.8 
Average, all metals 127.5 136.8 130.4 117.5 127.4 
NONMETALS 
eee, ο πμ e LIE 111.7 120.8 115.2 5 104.9 
Fe,, e . et een 22 ss 108.7 112.2 121.3 112.2 117.2 
))) ο ο ⁵³ A 88 112.2 122.7 128.6 109.4 124.1 
J ⁵˙—ꝛÜ»⅛˙ui˙˙ T 111.0 119.0 117.2 102.8 108.6 
FUELS 

NM οποια ο μμ 105.9 105.1 107.1 1149 120.2 

Conde oil and natural gas „ 111.4 109.3 104.1 98.7 
Average u ] mem ³ AWA ie es uy 111.2 109.3 105.4 102.3 101.4 
Average, all minerallss „ 112.7 114.1 110.4 108.8 105.5 

Preliminary 


1Historical table of this series in Bureau of Mines Minerals Yearbook, 1971. 


Table 4.—Federal Reserve Board indexes of industrial production for mining and 
selected minerals manufacturing 


(1967 = 100) 
1972 1973 1974 1975 1976 

d POMPE RT ³ĩðĩV2A· 8 104.2 104.4 7114.0 113.4 116.9 

Oil and gas extraction: 
dell!!! ST eee 107.3 104.4 99.8 95.0 92.2 
Natural gas ___ _ 126.4 125.9 121.4 110.9 109.1 
Average! ___ _ _ 110.0 108.9 1104.4 113.3 112.0 
Average coal, oil, gas __ _ 109.2 108.3 7105.7 105.8 112.8 
ο PT 44 νο 120.9 130.8 7121.7 115.8 122.8 
Stone and earth mineralssss -.-.-..-. 98.1 109.5 1101.8 107.0 118.3 
Average - - - ---------------------—--— 107.3 118.1 1109.9 109.8 120.1 
Average mining ......- ----------------------------- 108.8 110.3 Σ106.6 112.8 114.1 

Manufacturing: 
i Metal ou κ ο μμ ος 118.1 127.0 797.2 96.4 108.0 
Iron nde!!! «Εξω 107.1 121.7 796.1 95.8 104.4 
Nonferrous metals and produetss 123.6 136.5 131.2 99.3 114.4 
Clay, glass, stone produet 44433 118.6 129.8 7108.8 117.9 135.8 
Average industrial production 1119.7 7129.8 7129.3 117.8 129.4 
Includes natural gas liquids and oil and gas drilling. 

Source: Federal Reserve System, Board of Governors. Federal Reserve, Industrial Production, Statistical Release, Dec. 


14, 1978, Dec. 13, 1974, Apr. 15 1975 Feb. 13, 1976, Apr. 15, 1976, Feb. 15, 1977, and June 15, 1977. 
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Table 7.—Shipments, net new orders, and yearend unfilled orders for selected mineral 


processing industries 
(Million dollars) 
1 Unfilled orders at 
Shipments Net new orders end of period! 
Year and montt I, un x — Δ 
ear and mon ° r- ur- ur- 
mary uct primey Τῷ παν ρήμα ΠΩ ae d, 
an m an me an 
m steel steel steel etal? 
mills mills mils me 

1972 _____________ 57,941 28,109 29,832 60,143 29,813 30,330 71,964 5,008 2,686 

197 72,027 35,260 36,767 78,642 39,913 38,729 14844 9,884 4, 
197144 93 41,424 49,036 48,197 20,698 13,751 6,947 
1975 _____________ 78,959 40210 38,749 71,792 35,779 36,013 1474 9287 5,455 
1976” P 826 45,139 687 90,047 45,848 44,199 16004 9,993 6011 
` January 6544 3517 3,021 6,674 8,701 2978 14,567 9461 5,06 
February _____ 6,922 3,574 3,948 6,812 3,365 3441 14.620 9. 964 
Mareen 7.644 3, 3,659 787 3,864 3,923 15,011 9,56 5,555 
April 8 7,544 3,787 3,757 1, 3,530 3,798 229 940 5,809 
. 8,031 4049 3. 8.126 3,758 16,260 10,475 5,785 

June 8,318 4.215 4,043 8,158 1 3907 16,692 10,690 : 
July 7,110 3,689 3,421 71918 83991 3921 16,846 10,650 6,196 
August ______ 7,577 3799 3,718 7,340 3,581 3,759 16,330 10,923 007 
September TER 7,844 3.925 8919 7,556 38649 3,907 16140 10,028 6119 
ο. 7454 8641 3,813 7,019 3,485 9,534 15804 982 5,972 

November EMI 1,086 — 3,547 8,539 1,529 3.650 3879 16051 9,768 

Nu 6,752 3,357 3,395 7.252 3.808 3,444 6, 9,998 6.011 


PPreliminary. 
Monthly figures are seasonally ο and may not ad to totale. 
2“ All other primary metals” obtained by subtracting blast furnaces and steel mills from primary metals figures. 


an 1975. pp. S rce, Bureau of Economic 4 157, pe ας Sa ST V. 54 and 565, No. 2, 
februar) 1974 and d 56 50 97. δ and 87, No 9 March! Sand I 


Table 8.—Index of nonfuel mineral stocks at yearend 


(1967 = 100) 
1972 1973 1974 1975 19165 
Crude minerals at producers: 

Metal μον : E 143 95 76 91 102 
Πίου OIB ος no ð - mt 88 113 8⁴ 73 95 108 
Other ferrouuunuhns sss 428 208 130 104 90 
Nonferrouns”d dd 78 63 55 71 
το SOMNI epa ος ος οκ bec dm 138 129 125 171 191 
Total l u em lel Su ee 141 110 98 126 141 

Minerais at manufacturers, consumers, and dealers: 
Wu ο LL Z UEM Ear 8 1108 198 1117 1134 132 
Ion ewm ed sr 88 79 79 93 101 
Other ferr ou 135 99 102 132 111 
nonferrous nn 89 131 153 152 
Other nonferrouuununun ss 1126 1117 1140 1155 148 
Nonmetals ..............--------.-------------------.--- 94 91 100 91 84 
Tot]; ο ß ß Tu usu 1108 198 1116 1131 130 
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Table 9.—Physical stocks of mineral energy resources and related products at yearend 
(Producers’ stocks, unless otherwise indicated) 


Fuel 1972 1973 1974 1975 1976” 
Coal and related products: 
Bituminous coal and lignite? 
short tons 116,500,000 103,022,000 95,528,000 127, 115,000 188,673,000 
S i do 2,941,000 1,184,000 935,000 4,996,000 6,487,000 
Petroleum and related products: 
Carbon black . _ thousand pounds. _ 237,695 230,325 293,903 231,695 213,594 
Natural gasoline, plant condensates, 
isopentane _ _ _ _ thousand barrels. .. 6,075 7,835 7,550 7,882 8,128 
Crude petroleum and petroleum 
ο 3 do 958,979 31,008,307 31,073,646 31,132,955 1,111,810 
de petroleum do... 246396 3242 418 265,020 271,854 — 285471 
Motor gasoline _ _ _ _ 0 — 3522894 3209, 478 2218, 410 2234, 978 281,432 
Special naphthas 88 5,232 34,521 35,720 34,377 4,441 
Liquefied gases? ________ do____ 85,717 398,641 3112,542 3125,148 116,295 
Distillate fuel oil ἀο.. 154,319 2196, 461 2200, 2208, 185,986 
Residual fuel οἱ]... .......... do... 55,216 53,480 59,694 14,126 12,944 
Petroleum asphalt do— 221, 638 15,024 21,370 19,875 
Other product do... 3111568 3188,224 3190,822 3191,845 196,466 
Natural gas billion cubic feet 3,523 3, 3,969 54, 4,239 


PPreliminary. 

Industrial consumers and retail yards. 

*[ncludes natural gas liquids and products at bulk terminals and in pipelines. 
*[ncorrectly reported in previous year. 

Includes ethane. 

S Adjusted upward by 123 billion cubic feet to conform to new data source. 


Table 10.—Seasonally adjusted book value of product inventories 
for selected mineral processing industries 


(Million dollars) 
Petrol Primary metals 
etrole- 
Stone, clay, 
End of year or month ἀπαιτεῖ glass QM. All other 
products products and primary Total 
steel mills metals 
1972: December .... .... - ..--------------------- 2,300 2,468 5,268 4,890 9,658 
1973: Decemberrnrr 2,626 2,813 4,672 4,684 9,856 
1974: December -_----------------- 8,925 8,721 5,141 6,114 11,861 
1975: December 4,710 8,848 8,483 7,044 15,527 
197 
Decemberrr 5,148 4,194 10,179 7,150 17,329 
// ee 4,713 3,848 8,498 6,794 15,292 
Februar 4,732 3,823 559 6.742 15,301 
MMC M ENDURO eee ος 4,741 3,769 8,766 6,780 15,546 
April: i ee uU 4,552 3,803 8,870 6,785 15,655 
WALR I ͥ ͤ ĩ P 4.650 3,869 9,078 6,801 15,879 
1/;ö;ĩ ο r LIAE 4,835 3,885 9,233 6,762 15,995 
July 22.5 84 4,872 8,934 9,452 6,773 16,225 
Augüst _. ενας te Ld 4,833 4,002 9,709 6,776 16,485 
September ...........-..-----.-----.-------- 5,043 3,998 9,781 6,873 16,660 
berr 3 5,058 4,092 10,100 7,013 17,118 
November 5,053 4,130 10,072 7,106 17,178 


PPreliminary. Revised. | | 
E other primary metals" figure obtained by subtracting blast furnaces and steel mills figure from total primary 
me igure. 


Source: U.S. EA nent of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 54 and 55, No. 2, 
February 1974 and 1975, p. S-6; v. 56 and 57, No. 3, March 1976 and 1977, p. 8-6. 


38 MINERALS YEARBOOK, 1976 


Table 11.—Value of selected minerals and mineral products imported and exported by 
the United States in 1976, by commodity group and commodity! 


(Thousand dollars) 
cd Commodity Exports Imports 
e 
Minerals, nonmetallic (crude): i | 
211 Fertilizers, crude ......................-.-------.-.-.--..-.-...-.-.-...-... 329,160 12,674 
218 Stone, sand .... H: eee due 46,550 28,985 
214 Sulfur and unroasted iron pyrites . _ „„ 60,351 59,619 
215 Natural abrasives (including industrial diamonds). )) 62,700 ; 
276 Other crude minerallss3ʒss „„ 293,299 301,930 
Totals... ul L. hhh Za n i AA  ”-- 792,060 466,194 
Metals (crude and scrap): 
281 Iron ore and concentrate ss „ 82,192 980,347 
282 Iron and steel scrap ___ ss 634,476 42,757 
283 Ores and eee of nonferrous base πιθί8]8.......................-..-. -. -..-.. -. 260,034 A 
284 Nonferrous metal scrap __ _ _ -. -.-..-..-.. -.. -. -.-..-.-.. -.. -. -..-..-.-..-. -..-- -.. -..-- 238,898 221,185 
285 Silver, platinum, platinum-group metal ores and concentrates. _ _ _ _ _ _ 44,471 109,109 
286 Uranium and thorium ores and concentratess 24,432 430 
Totals; soo ος eire ο ως ð⁵⅛ð¾i AE . Ead a it 1,284,503 2,246,381 
Mineral ο of resources and related πε 
321 Coal, coke, briquets (including peat -.. -. - -.-.-...-.-.-.- -.-.-- 2,988,232 158,731 
331 Petroleum, crude and partly refined ___ --- 21,129 26,346,781 
332 Petroleum products, except "chemicals ες 8 970,811 5,408,528 
341 Gas, natural and manufactured _____________________-___ 239,937 2,014,679 
ο μμ ed a a e Pub Pere 8 4,226,109 33,928,720 
Chemicals: 
513 š; = e oxides. hal salts 643 804,419 
ements, oxides, halogen salt „ ; 
514 er inorganic che vos adn ο AC UR MEE 865,711 128,704 
515 Radioactive and associated materials ex T uranium and thorium _ _ _ _ 466,679 659,053 
521 Mineral tar and crude chemicals from petroleum, natural gas _ _ _ _ 74,819 11,403 
JC ³¹äAd % ]˙·w¹ü ας Lu ο οκ οι 1,551,096 1,608,579 
Minerals, nonmetallic (manufactured): RS MEME 
661 Lime, cement, fabricated building material, except glass and clay _ _ _ _ _ 54,684 | 113,865 
662 Clay and refractory construction materials 138,283 81,578 
663 Mineral manufactures, not elsewhere specified 203,024 97,431 
μι επικ ος ð 395,991 292,869 
671 ΜΑΗ 5 Bend d steel powd 
iron, spiegeleisen, sponge iron, iron an powder 
and shot, OrroalloyS. — o ono nene ecce ⁵ 19,182 535,659 
672 Iron or steel ingots and other primary forms __._____________- 46,610 52,812 
678 Iron or steel bars, rods, angles, shapes, sections 153,221 863,580 
674 Iron or steel universals, plates, sheets --------------------- 337,538 1,915,102 
675 Iron or steel hoops and strips — - - -—- —- - ---—--------—--—---——— 100,799 72,409 
676 Iron or steel rails and railway track construction materials 61,579 18,989 
671 Iron or steel wire (excluding wire rod) --------------------- 36,191 214,061 
678 Iron or steel tubes, pipes, fitting 776,541 819,821 
679 . Iron or steel and forgings, unworked —_ -—--------------- 318,492 20,990 
681 Silver, platinum, platinum-group metals... _  _ ccc 96,710 559,498 
682 Copper and copper alloyass — 281,672 116,192 
683 Nickel and rr aa a 158,078 526,302 
684 Aluminum and aluminum alloys —-—---------------------- 466,386 549,854 
685 Lead and lead alloys - . 8 5,321 63,495 
686 Zinc and zinc alloys ................΄----------------.----.--------------΄-----.-.. 11,199 
687 Tin and tin alloys  ——. o onmes 4, 329,689 
688 Uranium and thorium metals and alloys____________________ 146 117 
689 Miscellaneous nonferrous base metals. 158,533 185,518 
Tota nc μμ ιο Lost i ee ee 3,086,833 8,007,568 
„%%% s s s s s s s eine Lied ‘11,886,592 46,545,806 


1Data in this table are for the indicated SITC numbers only, and therefore may not correspond to the figures classified 
by commodity in the "Statistical Summary" chapter of this volume. 

28tandard International Trade Classification. 

*Import data may not add to totals shown because of independent rounding. 


Source: U.S. Department of Commerce, Bureau of the Census. 
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Table 14.—Consumption of major mineral products, mineral fuels, and electricity, and 


projections 
Commodity and unit 1975 1976 2000 
MINERAL PRODUCTS 
Ferrous metals: 
Iron ore 4----------------- thousand long tons 114,126 125,424 NA 
Iron content thousand short tons 19,250 87,095 129,000 
Raw steel (production) _____________________ do____ 116, 642 128,000 231,000 
mite ores weight): 
Metallurgical grade______________________ do 532 597 
nin... euis do- 183 1.200 
Chemical grade do 166 201 
ese ore (35% or more Mn) ............... do_ _ _ _ 1,819 1,601 3,900 
Mol num (Mo content thousand pounds 51,743 50,448 188,000 
Tungsten (W content) οι ο pp ἆο 14 012 16,107 16,400 
Nonferrous me 
Aluminum (apparent consumption) _ _ thousand short tons 3,903 5,118 28,400 
Antimony, primary ____________________ short tons 12,987 15,337 48,000 
Topper, CCTfl! een thousand short tons_ _ 1,535 1,992 7,100 
primary and secondary // do 1 1.490 2,130 
Mercury, primar 222 76- pound flasks _ 48,649 68,971 102,000 
Platinum-group metalss _____~- thousand troy ounces. . 1,309 1,603 3,157 
Silver (industrial and the arts do- 157, 650 170,559 420,000 
Ilmenite and titanium slag (estimated TiOacontent)_ short tons 536,994 642,519 1,840,000 
Ñ Uranium (UsOs, estimated purchases by private industry)do.. _ _ _ 12,500 14,000 73,113 
Asbestos (apparent consumption) _ _ _ _ thousand short tons_ _ 608 726 2,430 
Cement (apparent consumption) __ d million short tons_ _ 70 74 
Clays (a parato consumption) thousand short tons 49,388 53,181 174,000 
Lime (sold or used zz ἆο ___ 19,133 20,229 43,300 
Phosphate rock ερ ος content, apparent consumption) _ _ do_ _ _ _ 10,315 10,345 57,000 
Potash (KO content, apparent consumption) - do_ _ _ _ 5,112 6,149 14,455 
Salt (apparent consumption) -. -. -. -.-.. _ _ __ do— 42,913 41,536 136,400 
Sand and gravell ---.- - .. million short tons 189 885 8,200 
Stone, crushed (sold or used)... ...- -.... - -. - -.-. ... do 901 900 3,400 
Sulfur, all Orna apparent consumption) thousand long tons 10,603 10,768 30,000 
MINERAL Y RESO AND ELECTRI 
Energy resources: 
1 pedes νι sae er ES million short tons 556 597 1,000 
Coal carbonized for cke!!! = TNR (83) (84) (115) 
Anthracite ...........----.-.-.-----.--.-.--.-.--.-.-.- -.-.-. .. ης δ 5 2 
Petroleum production and natural gas liquids _ million barrel: s 5,958 6,384 14,500 
Natural gas, dry? ________________ million cubic feet. 19,538 *19,813 49,000 
Electricity generation, nett million kilowatt hours. . 2,002,983 2,123,422 NA 
inn ee ee ee Sus do___- 1,917,619 2,036,503 38,650,000 
Hydropower* _______________________ do- 306,253 292,318 3 5605,000 
Nuclear power __ _ _ -___--_ do... 172,506 191,111 35,085,000 
Conventional fuel-burning plants do... 1,445,048 1,561,685 32,960,000 
Industrialalkakkka„w -.. -. ἀο...... 85,364 86,919 NA 
Total energy resources in puts trillion Βία _ 10,576 14,025 3163,430 


*Estimate. NA Not available. 
lFigures in parentheses are not added to totals. 

Residual gas excludes extraction loss but includes transmission loss. 

*Dupree, W. G., Jr., and J. S. Corsentino. U.S. Energy Through Year 2000 (revised). U.S. Bureau of Mines. December 
1975, tables 1 and 15. 

*Net generations adjusted for net imports or exports. The bulk of net trade is hydropower with an undetermined 
amount of steam plant powe 

SIncludes power produced. at geothermal plants. 


Table 15.—Energy equivalent in British thermal units (Btu) obtained from mineral 
energy resources produced and from hydroelectric and nuclear power produced 


(Trillion Btu) 
1972 1973 1974 1915 19765 

Anthracite uc - - - -----------------—--—-—-—- 181 174 168 158 
Bituminous coal andlignite. - - - - -- -------------—- 14,319 14,208 14,319 5, 15,610 
Crude petroleum --—-—-------------------------- ,041 2. 493 18, 17,729 17,262 
Hydroelectric powee“rnr&nr&rnrnr»nn»r»‚e‚ed 222222- ; 8,177 3,155 2, 
Natural gee: ————-— nmn Duss i ue 24,192 24 764 089 022 21,831 
Nuclear power ------------------------------ 516 1,211 1,832 ,037 

Total z eh ͥ i ³ — m 62,775 62,387 61,139 59,940 59,872 
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Table 16.—Energy consumed in British thermal units (Btu) as equivalent to consumption 
of mineral energy resources, and hydroelectric and nuclear power 


(Trillion Btu) 


Percent 
1972 1973 1974 1975 1976 (1976) 


Anthracite 2.255.260 2232s ει eee GT 150 144 138 130 128 1 
Bituminous coal and lignite - 12,273 13, 150 12,751 12,684 13,443 18 
Hydroelectric power ............ -.-.-------.-----------.-.-.-- 2,9946 3,009 3,309 3,219 3,064 4 
Natural gas. ² AA ae S 22,698 22,512 21,733 19,948 20,209 27 
Natural gas liquids __ 2,584 2,576 2,479 2,382 2,350 3 
Nuclear power _ _ _ _ ~~~ -_- 576 888 1,211 1, 2,087 3 
Petroleum products, except natural gas liquids _ _ _ _ _ 30,382 32,276 30,988 30,360 32,794 44 
Total energy consumed ........-........-..-. -. -.-.-.---- 71,609 74,555 12,609 70,562 74,025 100 
Table 17.—Consumption of energy resources, by consuming sector 
(Trillion Btu) 
Final consuming sector and resource 1972 1973 1974 1975 1976 EU 
Industrial 
Natural gassss 9,880 10,500 10,000 8,550 8,760 41 
Petroleum 2 222 222-2222 22222222 5,640 6,080 5,910 5,530 6,200 29 
Bituminous coal . _ _ _ ----------- 4,240 4,340 4,040 8,760 3,600 17 
Utility electricity .........---------------------------- 2,490 2.640 2,670 2,580 2,810 13 
ον ο ος SH DU M Forever 36 83 35 35 42 c de 
Hydropower ............ --.----------------------------- 85 98 83 32 33 ne 
ὁ ος ο ολο ³ĩ AJ ĩ 8 πα Me 59 14 ΕΝ 3 
r. πω lusum 22,300 23, 600 22,800 20,500 21,400 100 
Transportation: 
etroleum .............--.--------.----.-------------- 17,800 18,200 17,700 17,900 18,900 97 
Natural gas ____ _ _ _ „„ 787 144 685 595 534 3 
Utility electricity ----------τττττττ-- 17 16 16 16 16 -. 
Bituminous coaaadddddll „ 4 3 2 1 S τις 
του ος ica A NL hee cci LLL 18,100 19,000 18,400 18,600 19,500 100 
Household and commercial: 
Natural gas ---------------------—--- 7,940 7,630 7,520 7,590 7,170 42 
Petrol earn unn 6,670 6, 700 6,100 5, 750 6,270 84 
Utility electricity __ 2---- 3,480 3, 720 3,730 3,970 4,150 23 
Bituminous coal __ _ 233 222 232 188 171 1 
Anthracite ......---.------------.------------ 75 74 66 57 51 CN 
Totali cese let ZE m LU eX t 18,400 18,300 17,600 17,600 18,400 100 
Electric utilities: 
Bituminous coal ......-...- -.-.---------.-----.-------- 7 8.580 8,480 8,730 9,680 67 
Petroleum ......- ---.---.----------------------------- 9,130 3,660 í 3,450 24 
Natural gas .....----------------------------------- 4 3,680 3,510 3,210 3,140 
Hydropower - - -------------------- 2,910 2,970 3 3,190 3,030 21 
Nuclear power 576 888 1,210 ,840 2,040 14 
770.000. μα RUND CHER 40 87 38 38 84 SN 
Utility electricity to other sectors -5,990 6, 380 -6,410 -6,560 -6,980 -48 
Total tnam d A 12,000 13,400 13,600 13,700 14,400 100 
Total consumption: 
Petroleum ......- --.---...-.-.-.-. -.-.-----.------------ 33,000 84,900 33,500 32,700 35,100 47 
Natural gas 2.2--- 22,100 22,500 21,700 19, 27 
Bituminous co aal! 12,300 13, 200 12, 12,700 13,400 18 
ydropower _ - --------------------- 2,950 3, 010 3,310 ; 4 
Nuclear power -.....-------------------- 57 ,210 1,840 2,040 
JJ ib pode σσ ten 150 144 138 130 128 e 
Coke uem ucc S ο. EDS 59 14 en ies 


Total P 71,600 74,600 72,700 70,600 74,000 100 
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Table 18.—Domestic supply and demand for coal 


1975 1976P 
7 Trillion bee: Trillion 
tons Btu tons Btu 
—— ——————— tract, 
ANTHRACITE 
Supply 
Production: 6,203 157.5 6,228 158.2 
Papon” E PAA E EPEE A CA σος. -1,095 -27.8 -1,188 2 
P/ ⁵ĩ⁵ ⁵ð 8 D HAN eke = 
Stock change: Withdrawals( ), additiong(-) _ _ _ _ _ NA NA NA 
Losses, gains, and unaccounted for__________ ex Νε me S5 
Total eannan ð K ee 5,108 129.7 5,040 128.0 
Demand by major consuming sectors: 
Household and commercial 2,240 56.9 2,020 51.3 
Industriaaass 1,8386 35.2 1,670 42.4 
Electricity generation, utilities 1,482 37.6 1,350 84.3 
Tool e k Mc umu iE 5,108 129.7 5,040 128.0 
BITUMINOUS COAL AND LIGNITE 
Supply: 
Production, 648,438 15,043.8 678,685 15,609.8 
το όν %%% 8 65,669 -1,773.0 -59,406 -1,604.0 
Fell cune E eas 940 21.4 1,203 21.0 
Stock ci change: Withdrawala(-+ ), additions) _ _ _ _ _ -31,765 -687.7 -6,166 -133.9 
Losses, gains, and unaccounted for__________ 4,357 79.2 -16,837 -455.6 
Toal cracens οτε c le Ld e e 556,301 12,683.7 597,479 13,443.3 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercial“ 7,282 188.1 6, 900 171.3 
Industrial 142,072 3,669.8 141,179 8,505.1 
Coal carbonized for coke® _.___________- (83,274) (2,151.0) (84, 324) (2,093.5) 
Transportation ------------------ 24 6 12 3 
Electricity generation, utilities 403,249 8,730.3 445,150 9,676.3 
Total. sli ο su Air 552,627 12,588.8 593,841 13,353.0 
Raw material: Industrial: * 
Crude light oli 974 25.2 990 24.6 
Crude coal talk 2,100 69.7 2,648 65.7 
Total z ————— ——— 8,674 94.9 8,638 90.3 
Grand total ... _ ... ...... ..... -........... 556,301 12,683.7 597,479 13,443.3 


PPreliminary. ΝΑ Not available. 

1Includes use by producers for power and heat. 

Includes shipments to U.S. Armed Forces in West Germany. 

Except for small quantities used as raw material for coal A all anthracite is used for fuel and power. 

“Data represent “retail deliveries to other consumers.” These are mainly household and commercial users, with some 

unknown portion of use by small industries. 

5Includes consumption by coke plants, steel and rolling mills, and other industrial uses. Adjusted to exclude coal 
equivalent of raw material uses. 

*Figures in parentheses are not added into totals. 

TIncludes bunkers and military transportation. 

Coal equivalent based on British thermal unit value of raw material consumption of coal chemicals listed. 
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Table 19.—Natural gas, components of supply and demand 


1975 1976 
Billion š Billion ns 
: Trillion š Trillion 
cubic cubic 
feet Btu feet tu 
PUPPY od 
uction __ _ eee Ln ct 20,100 22,000 20,000 21,800 
ρου J - - -65 -66 
Imports -------------------——— 953 973 964 983 
Stock change -_—---------------—- -344 -351 17 79 
Transfers out, offtake |... . _ _ _ _ __ -812 -2,380 -854 -2,350 
Transmission loss, etee _ _ _ _ _ _ _ -235 -240 -262 -267 
Total supplj 19,500 19,900 19,800 20,200 
Demand: 
Industrial: 
For carbon black 26 27 28 29 
For other chemical 568 580 588 599 
Fuel and powerrnrnrnrn 7,780 7,940 7,970 8,130 
Household and commercial 7,430 7,590 7,620 7,770 
Electric utilities 8,150 3,210 3,080 3,140 
Transportation, pipelinn ee 583 595 524 


Total deandgdgdg _ _ .... 19,500 19,900 19,800 20,200 
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Table 20.—Domestic supply and demand for petroleum: 


1975 19165 
Million Trillion Million Trillion 
barrels Btu barrels Btu 
Supply: 
Crude oil: 
Production ._  _ _ _ _ . . c ccn 3,056.8 17,729.3 2,976.2 17,261.8 
Exports -> en ee er ee -2.1 -12.2 -2.9 -16.8 
Imports l————A m a 1,498.2 8,689.6 1,935.1 11,223.6 
Stock change: Withdrawals(+- ), additions(-) _ _ -6.3 -36.5 -14.1 -81.8 
Losses, transfers for use as fuel, and unaccounted 
J//ͤͥõͤĩðĩE;d ĩð2z OPPRESSUM -5.2 -30.1 15.9 92.4 
Total enrera 4,541.4 26,840.1 4,910.2 28,479.2 
Refinery input: 

;õĩ;ĩß;˙tCĩĩ ⁰ͤ⁰ſ¼ ft 5H. 4,541.4 26,340.1 4,910.2 28,479.2 
Transfers in, natural gas liquids*_ . 259.3 1,172.2 265.5 1,198.7 
Other hydrocarbons _________________ 13.8 48.3 13.9 48. 

Του ce A sd 4,814.5 27,560.6 5, 189.6 29, 726.6 
Refined products: 
Refinery outpullũe!! 4,814.5 27,560.6 5,189.6 29,726.6 
Unfinish ed oil reruns, ne!!! 12.7 74.0 7.6 44.3 
Processing gain, nei 167.8 d 174.7 HS 
Total. "c —————— 4,995.0 21,634.6 5,371.9 29,770.9 
Exports? Loc A eet LE. 74.3 424.4 78.7 448.3 
Import??? 712.2 4.229.2 784.8 4,389.1 
Stock change, including ae ry liquids _ __ -53.0 -256.5 +35.3 +200.6 
Transfers in, natural gas liquid! 836.7 1,209.6 $21.5 1,151.6 
Losses, gains, and unaccounted for 40.9 849.1 - 79.7 
r «õꝶ -w — 5,957.5 32, 741.6 6,384.1 35, 143.6 
Demand by major consuming sectors: 
Fuel and power: 
Household and commercial ...................-. -. -. -. -. 854.7 4,139.6 946.0 5,261.5 
Industrialilillũll 616.3 3,585.8 692.5 4,041.0 
Transportation?;· _ _ ......... 3,309.8 17,789.4 3,477.3 18,706.8 
Electricity generation, utilities 518.3 3,228.8 2.7 3,446.2 
Other, not specified ~ - -. - -. -- - -.-- -. -.. 16.4 98.4 10.9 68.9 
C11 ⅛³»ꝛ.¾m ĩð2.j 8 5,315.5 29, 442.0 5, 679.4 31,525.4 
Raw material: 
Petrochemical feedstock offtake |... .. _ _ _ _ 340.6 1,434.2 389.4 1,676.5 
Other nonfuel use — _ --- 268.7 1,685.7 267.7 1,679.7 
23222 a a ³¾ 1) ͤ˙qad 609.3 3,119.9 657.1 3,356.2 
Miscellaneous and unaccounted for _ _ _ _ _ _ _ 32.7 179.7 47.6 262.0 
Grand total. _____._____-____-_--_- 5,957.5 32,741.6 6,384.1 35, 143.6 


1Supply and demand for crude oil and petroleum products. Petroleum products include products refined and processed 
from crude oil, including still gas and liquefied refinery gas; also natural gas liquids transferred from natural gas. 

3Btu values for natural gas liquids for each year shown are implicitly derived from weighted averages of major natural 
gas liquids, with natural gasoline and other products at 110,000 Btu pa lon, liquefied petroleum gases at 95,500 Btu 
per gallon, ethane at 73,390 Btu per gallon, and plant condensate at 1 Btu per gallon. 

3Btu values for imported and exported refined products for each year shown are totals of the Btu values of the 
respective products imported and exported. 

Includes natural liquids other than those channeled into refinery input as follows: Petrochemical feedstocks, 

direct uses for fuel and power, and other uses. 

5[ncludes bunkers and military fuel uses. 

*Includes some fuel and power use by raw materials industries. 
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Table 22.—Electrical energy sales to ultimate consumers 


(Million kilowatt hours) 
Total Industrial Total Industrial 
Region consump- Residential and consump- Residential and 
tion commercial tion commercial 
1972 1973 
New England 68,782 24,614 37,509 68,364 26,169 40,461 
Middle Atlantica 219,861 65,978 140,639 235,310 70,729 153,006 
East North-Central ............. .. 297 89,736 ,268 831,776 1 228, 580 
West North- Central! 100, 687 39,074 58,316 108,912 42,146 63,212 
South Atlantic 252,811 93,563 149,062 280,108 ; 163,548 
East South-Central _______ 158,430 48,404 102,441 168,890 51,958 114,161 
West South-Central ______ 181,902 57,952 116,218 195,624 62,205 125,314 
Mountain ____________ 71,805 20,609 47,719 77,181 23,375 50,294 
Pacific |... 223,309 69,441 142,551 230,547 12,354 146,584 
Alaska and Hawaii 5,830 2,052 3,603 6,496 2,321 3,978 
Total United States 1,577,714 511,423 1,001,326 1,708,203 554,171 1,084,138 
1974 1975 
N FFF 66,894 26,094 39,180 66,887 26,309 88,958 
Middle Atlantica 229,430 8 149,177 221, 71,007 144,495 
East North-Central__ _ _ _ _ _ 328,968 96,949 219,985 330,818 102,914 215,005 
West North-Central ............... 109,670 42,839 115,9 46,212 66,01 
South Atlantic 9,090 106,656 163,518 ; 112,179 164, 
East South-Central __ _ _ _ _ _ 169,246 51,610 114,818 172,602 54 115,257 
West SouthCentral ______ 200,735 239 129,405 207,154 68,017 130,877 
Mountain __ _ 81,670 24,464 ; 84,026 ; 54,809 
Pacifi 228, 243 72,890 144,603 235,073 76,640 145,662 
Alaska and Hawaii 6,823 2,899 4,204 7,159 2,506 4,506 
Total United States 1,700,769 554,960 1,082,151 1,738,024 586,149 1,079,627 
Source: Edison Electric Institute. Statistical Yearbook of the Electric Utility Industry, 1972-75, table 228. 
Table 23.—Total employment in selected mineral industries 
(Thousands) 
Industry 1972 1973 1974 1975 1976 
MINING 
Metals: 
τω, μπαμ ³˙¹¹¹ꝛm ⁰ m uar 20.1 21.3 24.2 24.8 25.4 
Copper ores ου _ 38.9 42.3 42.8 87.1 85.5 
Τους ieee — — — n 86.1 90.5 92.3 92.3 93.1 
Nonmetal mining and quarrying --------------- 112.1 115.8 119.2 115.1 115.1 
Fuels 
Bituminous coal!!! 143.2 158.0 165.0 198.2 210.4 
Other coal - ~- - ---------------------—— 3.7 3.6 3.5 3.6 3.9 
5 troleum and natural gas fields 137.8 183.5 143.7 159.5 165.0 
andl piis gas field services 124.1 131.0 148.2 176.2 195.3 
„ dd e M 408.8 426.1 460.4 531.5 574.6 
Total mining 607.0 625.0 672.0 745.0 783.0 
MANUFACTURING 
Minerals: 
Fertilizers, complete and mixing only 35.8 38.5 81.3 83.7 33.5 
Sent hydraulic .........--------------------- 33.6 33.8 32.7 30.3 29.6 
Blast furnaces, steelworks, rolling millss 492.2 521.8 522.6 470.1 469.9 
Nonferrous smelting and refining 5 83.6 86.3 82.2 84.3 
J%7%%ôͤ%õ]ĩ]ĩ]d AA LL tt 645.2 680.4 683.3 2616.3 617.3 
Fuels: 
Petroleum refining ___ 150.8 147.3 154.6 154.2 157.1 
Other petroleum and coal products -..------------------ 38.8 40.0 40.7 49.2 45.8 
77777 ³˙Üiw¹iw LLL 189.6 187.3 195.3 197.4 202.8 
Total selected manufacturing 834.8 867.7 878.6 813.7 820.1 


1Includes other metal mining not shown separately. 
?Data may not add to totals shown because of independent rounding. 
3Standard Industrial Classification 295, paving and roofing materials, included in total. 


Source: U.S. De ent of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 19-22, No. 9, March 1973- 
1976, table B-2; v. 24, No. 3, March 1977, table B-2. 
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Table 24. — Average hours and gross earnings of production and related workers 
in the mineral and mineral fuels industries 


1972 1973 1974 1975 1976 
MINING 
Metal mining: 
Iron ores: 
Weekly earnings ............ .... ... $185.40 $198.56 $241.43 $271.85 $303.73 
Weekly housss 41.2 42.7 43.5 42.8 42.9 
Hourly earnings _~____________ _ $4.50 $4.65 $5.55 $6.34 $7.08 
Copper ores: 
Weekly earnings ______________ ae 19 $206.52 $226.46 $248.14 $280.70 
Weekly hours 1.6 42.3 41.1 39.2 40.1 
Hourly earnings 77 EEEE $4, 62 $4.88 $5.51 $6.33 $7.00 
All metal mining:! 
Weekly earnings ______________ $185.51 $200.40 $226.97 $250.72 $280.80 
Weekly hours 41. 42.1 41.8 40.9 41.6 
Hourly earnings -------------- $4.47 $4.76 $5.43 $6.13 $6.75 
Nonmetallic mining and quarrying: 
Weekly earnings _________________ $176.96 $196.88 $209.28 τον Y: $236.72 
Weekly hours ECCE 44. 41.1 46.3 44.0 
Hourly earnings $3.95 $4.18 $4.52 s 85 $5.38 
All minin (excluding fuels):? 
yearnings _________________ $180.61 $195.90 $213.09 $228.55 $256.16 
Week JC ee ee 49.4 440 43.5 42.4 42.9 
8 3 earnings _~________________ $4.17 $4.47 $4.91 $5.42 $5.99 
All coal mining: 
Weekly earnings ______________ $215.83 $226.86 $236.84 $283.35 $312.44 
Weekly houn s 341.0 39.9 38. 339.3 339.5 
Hourly earnings _ 3$5.30 3$5.69 $6.20 3$7.21 3$7.88 
Bituminous coal: 
Weekly earnings . _ _ _ - $217.46 $228.45 $238.37 $284.53 3313.24 
Weekly houns ! 341.0 39.8 38.2 339.2 339.5 
Hourly earnings -------------- 3$5.34 565.74 66.24 567.28 387.91 
Crude puru and natural gas: 
eekly earnings -... $169.92 $191.82 $223.86 $248.84 $272.88 
Weekly hours 42.8 40.9 42.0 40.8 41.4 
Hourly earnings ____________-_- $3.97 $4.69 $5.33 $6.05 $6.59 
All fuels:? 
Weekly earningn sss] $191.27 $201.43 $224.08 $256.86 8282.16 
Weekly hours ---------------- 41. 40.8 41.9 42.2 42.7 
Hourly earnings $4.53 $4.90 $5.39 $6.14 $6.66 
FACTURING 
Fertilizers, complete and mixing only: 
Weekly earnings __ _ $143.14 $155.66 $172.40 $188.72 $210.33 
Weekly hours 42. 43.0 43.1 42.6 43.1 
Hourly earnings ----------------- $3.36 $3.62 $4.00 $4.43 $4.88 
Cement, hydraulic: 
Weekly earningn sss d $215.37 $233.20 $241.97 $262.06 — $302.74 
Weekly Ee πω απ aes 8 42.0 42.4 42.1 41. 41.7 
Hourly earnings ----—------------- $5.12 $5.50 $5.89 $6.33 $7.26 
Blast furnaces, steel a and rolling mills: 
Weekly earnings ... _ _ $210.12 $230.74 $263.49 $278.71 $312.38 
Weekly hours 40.8 41.8 41. 39. 39. 
Hourly earnings $5.15 $5.56 $6.38 $7.11 $7.86 
Nonferrous smelting and refining: 
eekly earnings __ sss $185.59 $203.46 $227.46 $243.76 $275.22 
Weekly houn s 41.8 42.3 42.2 40. 41.7 
Hourly earnings ----------------- $4.44 $4.81 $5.39 $5.96 $6.60 
Petroleum refini and related industries: 
Weekly earningggsss $208.89 $220.28 $238.71 $267.07 $301.31 
Weekly hours ee 42.2 42. 42. 41.6 42.2 
Hourly earnings ----------------- $4.95 $5.22 $5.63 $6.42 $7.14 
Petroleum refining: 
Weekly earnings -------------- = 45 $231.02 $250.92 $283.87 $324.73 
1 Burr ZE 2. 1.8 41. 42.1 41.2 41.9 
Hourly II» L SS ERR $5 25 $5.54 $5.96 $6.89 $1.15 
Other petroleum and coal products: 
Weekly earnings -------------- $175.34 $187.91 $199.67 $215.28 | $231.66 
Weekly hours „7 43.4 43.7 43.5 42.8 42.9 
Hourly earnings __ $4.04 $4.30 $4.59 $5.03 $5.40 
Total selected manufacturing: 
Weekly earnings s $206.52 $224.92 $250.99 $268.58 $292.76 
Weekly hours „„ 41 41.7 41. 40 39. 
Hourly earnings __ _ _ $5.02 $5.41 $6.08 $6.71 $7.21 


1Includes other metal mining not shown. 
Weighted average of data computed using figures for production workers as weights. 


311-month average. 


rtment of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 19-22, No. 9, March 1973- 


1916, table 062 i 4, No. 3, March 1977, table B-2, C-2. 
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Table 25.—Wages, salaries, and average annual earnings in the United States 
Percent change 


1974! 1975! 1916 ————— 
1974-75 1915-16 

Wages and salaries: 
All industries, total! millions $764,054 $805,705 $891,828 5.5 +10.7 
un σι μα M PUNIRI RES ĩ ON CREE do. _ _ _ 8,827 10,826 12,179 +22.6 +12.5 
^ acturing fal 3 ας do-—- 211,388 211, 089 238,170 -2 +12.9 

ve earnings per -time employee: 
"m industries, total 9,991 10,845 11,623 +8.5 +7.2 
J ĩↄðͤ ᷣ V ââd 0070000000 12,905 14,769 16,089 +14.4 +8.9 
Manufacturing 10,847 11,905 12,888 9.8 48.9 
"Revised. 


Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 57, No. 7, July 
1977, p. 46, table 6.6; p. 47, table 6.9. 


Table 26.—Average labor-turnover rates in selected mineral industries! 


(Per thousand employees) 
Non- 
Blast Petro- 
fur ous Met οι ο” 
u- 9 e p- 
Rate and year factur- ment, pip. amelt- min- m per ana σοι. min- 
ores re 
ing draulic lling and Ing τ dur ing 
mills ing tri 
Total accession rate 
1974 _____ 42 15 20 27 35 26 32 23 17 19 
1915 ....- 97 29 28 18 27 23 19 18 12 23 
1976 _____ 39 30 32 26 32 27 32 20 14 20 
Total separation 
ra 
1974 _____ 48 22 26 31 21 81 24 15 18 
1915 ...-- 42 41 42 30 32 27 31 19 12 14 
1976 _____ 38 28 31 22 30 26 28 20 14 18 
Layoff rate 
1974 _____ 15 10 7 4 3 4 3 7 4 2 
1915 21 31 30 17 10 13 13 7 3 2 
1978 13 17 19 5 10 11 7 5 3 


Monthly rates are available in Employment and Earnings as indicated in source. 
Standard Industrial Classification 295, paving and roofing materials, included in total. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 21-22, No. 9, March 1976- 
76, table D-2; v. 24, No. 3, March 1977, table D-2. 
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Table 27.—Labor productivity indexes for selected minerals? 


(1967 =100) 
Copper, crude ore mined per— Iron, crude ore mined per— 
Year Producti Production Producti Production 
Employee on worker Employee uction worker 
worker man hour worker an ΠΟΙ 
ο ο θές λος u Z =s 126.7 125.3 121.2 110.8 112.8 117.1 
bf Se Ln LA et ees 123.7 119.3 118.1 119.2 122.2 124.4 
11111! er ie ea en et 126.8 121.0 117.7 127.3 129.0 126.7 
1914 oso 121.4 117.8 117.6 120.8 122.4 118.1 
δι λα voee 123.7 122.9 128.9 116.8 119.0 116.6 
Copper, recoverable metal mined per— Iron, usable ore mined per— 
; Production ; Production 
Production Production 
Employee worker Employee worker 
worker man hous worker cian hour 
11 te es oe 109.7 108.4 104.9 97.5 99.3 103.0 
1919 2 cine tst 107.4 103.6 102.5 101.9 104.6 106.5 
1918 omoes 104.6 99 0 108.7 110.1 108.2 
κ Μπο ο ο n 91.9 88.8 89.0 99.9 101.2 97.6 
1975P `L o 8 92.3 91.8 96.3 92.4 94.2 92.2 
Petroleum refined per— 5 lignite 
: Production : Production 
Production Production 
Employee workers μυ. 
11/7 A 110.2 112.1 112.3 187.2 791.7 191.5 
1019 cone et 22 121.2 121.5 121.9 182.8 184.8 83.9 
777 enne meer ET 131.4 133.0 135.7 781.2 182.3 183.4 
1914.52 o ⁰ oer 121.8 121.3 121.8 76.0 77.5 82.1 
c ( e Sus 120.6 120.0 123.2 70.2 71.5 73.7 


preliminary. Revised 


ISeries revised to incorporate additional data from economic censuses. 


Source: U 
edition, tables 2, 4, 6, 8, 12, 46. 


we ELE of Labor, Bureau of Labor Statistics. Productivity Indexes for Selected Industries, 1976 


Table 28.—Index of average unit mine value of minerals produced 


(1967 = 100) 
1972 1973 1974 1975 19765 
METALS 

FerrouB. Lec 120.2 125.5 159.5 207.3 235.6 

Nonferrous 
ορ NEUE NOCERE 8 130.7 151.1 205.7 181.5 191.5 
Monetary . nnn 138.1 3 380.2 373.5 319.4 
ο c ß so 131.2 136.7 150.1 211.6 245.4 
Average- ---------------------- 131.5 155.5 212.8 205.8 213.8 
Average, all metals 125.5 139.6 184.6 206.6 225.3 

NONMETALS 
Constructioůonn 120.8 127.2 147.2 170.6 184.9 
Chemical. numm ee 85.2 91.1 1 1 196.9 
e . ON 123.4 132.5 148.7 172.2 192.7 
Average - -- -------------------- 113.0 119.4 143.1 178.2 188.0 
FUELS 

CJ ee ee ee ee 165.2 183.3 349.8 403.5 420.6 
Crude oil and natural gas „„ 116.4 138.8 221.6 263.9 299.1 
Average - - --------------------- 123.4 141.6 241.4 282.9 315.5 
Average, all minerals 121.2 136.4 214.6 253.1 279.4 


PPreliminary. 
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Table 29.—Index of implicit unit value of minerals produced 


(1967 = 100) 
1972 1973 1974 1975 19165 
METALS 
Ferrous_____ _ μυ mt eR 119.5 123.7 157.5 204.2 232.2 
Nonferrous: 
οι μα a ⁰ ERES 130.6 151.0 202.4 176.9 187.6 
Monetary 136.2 212.2 369.4 356.5 312.2 
JJ αμ ⁰⁰ ας S 196.4 141.3 156.3 225.1 251.8 
Avera . ias 2 δα 131.4 153.3 205.8 192.3 202.3 
Average, all metals __ _ ... - .. ... 127.3 142.1 187.8 196.6 212.8 
NONMETALS 
Construction 120.6 127.0 146.5 169.9 184.3 
Chemical. —— wwrtrtt eu 84.6 90.2 126.6 204.6 196.5 
@P τς εί ας ο S S Sum E E S 888 119.8 128.0 145.0 169.5 190.7 
Average - ------------------—-— 112.5 119.2 141.8 178.3 187.6 
FUELS 
Coal o cu ĩͤ K ο ο sica 165.5 183.5 340.2 403.4 420.4 
Crude oil and natural gas 116.4 133.8 220.2 264.5 801.8 
Average - - ------------------—-- 129.2 141.5 240.8 286.1 321.3 
Average, all minerals 121.2 136.4 211.5 252.7 278.2 
PPreliminary. 
Table 30.— Price indexes for selected metals, minerals, and fuels 
(1967 = 100) 
Annual average cnt 
Commodity cannge 
1975 1976 1975 
Metals and metal products __ _ _ _ „„ 185.6 195.9 5.6 
Iron anid gteel L uu u u u numm y eise LE e SS aw 200.9 215.9 +7.5 
1ͤõö k dddddddſdddddddddddõ LE ete sma 154.3 171.0 +10.8 
Iron and steel scrap ......-.--------------------------------------------------------- 245.6 259.0 +5.5 
Semifinished steel produettn 33s 44 206.7 223.1 +7.9 
Finished steel produetlSs ess 196.6 209.0 +6.3 
Foundry and forge shop products ο _ 194.3 218.6 +12.5 
Pig iron and ferroalloyhhhůasssssssssss „ 264.7 261.6 -1.2 
Nonferrous metals ................------.-------------------------.---------------- 171.6 181.6 +5.8 
Primary metal refinery shapes _ _ - -. -. - - ---- ------------------------------------- 1184.8 191.7 +3.7 
Aluminum, primary, buyers ___ _ 160.4 177.4 + 10.6 
% sh ATA usu ete Betis 154.0 163.8 +6.4 
Zinc, , prime western uo Duos amm Rede S a 210.2 ; 3.4 
Nonferrous scrap ---—---------------------------------- 128.3 155.4 +21.1 
Nonmetallic mineral products __ _ _ s ˙ U U n 174.0 186.3 17.0 
Concrete i lj Sa PENNE μμ μμ yd y E 172.3 186.7 18.4 
Sand, gravel, crushed stone!!! 151.1 161.2 +6.7 
Structural clay products, excluding refractories |. _ _ 1512 163.5 -8.1 
Gypsum products .----- --------------------------------------------- -----.-- -. -. -- 144.0 154.4 41.2 
Other nonmetallic minerals ..........----------------------------------------.-.-. 220.3 232.5 +5.5 
Building limé. marem me 8 186.0 205.1 +10.8 
Insulation materials ___—------------------------------——- 196.2 212.6 +8.4 
Bituminous . J κοκ κος ĩð 8 256.9 265.1 +3.2 
Fertilizer materials .........-.---------------------------------------------.-.-.-. 198.8 163.6 17.7 
lll eS ⁰yt 178.6 151.1 15.4 
/// o oo aou ⁰⁰ y . 88 236.3 187.8 -20.5 
Phosphate rock —— ue ore Lu ux dar en ee heres 428.9 375.4 -12.5 
αν μασ ͤ 0 c e due ο οκ 166.6 167.3 +.4 
Fuels and related products and po weer“rrrrrrrnnrnrrr 245.1 265.6 18.4 
kenya a ao utkata S sau occ 8 385.8 368.7 -4.4 
Anthracite _ u Du c ts uu ee tel 312.1 385.3 19.4 
Bituminoul . e Su EIL D LE αν 381.0 361.5 -5.0 
| ος τι ο ο REM Ec ο gen x VPE 330.8 346.8 -4.8 
C — is . μηνα ο οι ⁰⁰ydydʒ μμ asss 216.7 286.8 -32.3 
Electric οι παμπ 193.4 201.6 +7.3 
Petroleum products, refined __ _ _ 257.5 276.6 4-74 
Crude petroleum?  .........-------------------.------- 245.7 253.6 4-8.2 
All commodities other than farm and food __ ---- 171.5 182.4 +6.4 
All commodities = _ — - - - - eee Se ee 174.9 183.0 +4.6 
1Corrected figure 


*Includes only domestic production. 


Source: U.S. ος of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January 1976, table 
4; Supplement 1917, table 4. 


REVIEW OF THE MINERAL INDUSTRIES 55 


Table 31.—Comparative mineral energy resource prices 


Fuel 1974 1975 1976 

Bituminous coal, average price at merchant coke ovens_ _ _ _ _ _ _ _ dollars per net ton 34.20 52.08 — P54.90 
eee average sales realization per net ton at preparation plants, excluding dredge 

Chestnut-__ tee Se a tik ie ct oe dollars... 31.06 45.34 47.13 

Pok αν ο sap a ας ολ καλο οι SEDAN PRU TR do— _ _ 27.61 42.33 °42.02 

Buckwheat, No. : do 18.88 27.61 29.11 
Petroleum and petroleum products: 

Crude petroleum, average price per barrel at well! do— 6.74 17.56 8.14 

Gasoline, average dealers’ net price (excluding taxes) of gasoline in 55 U.S. cities! 


cents per gallon. _ 30.53 35.78 38.99 
Residual fuel oil:! 


No. 6 fuel, maximum 1% sulfur, average of high and low prices at Philadelphia? 
dollars per barrel. 11.95 12.26 12.05 
No. 6 fuel, maximum 0.3% sulfur, average of high and low prices at Philadelphia? 


do. _ _ _ 13.11 13.16 13.28 
Bunker C, average of high and low prices at all gulf ports ----------- do— 10.28 9.30 9.03 
Distillate fuel oil:! 
No. 2 distillate, average of high and low prices at Philadelphia cents per gallon.  _ 25.26 29.19 31.52 
Ñ 1 distillate, average of high and low prices at all gulf port do— 30.69 28.43 29.88 
atural gas: 
Average U.S. value at well cents per thousand cubic feet. 30.4 44.5 58.0 
Average U.S. value at point of consumption. nn do- 88.8 «1150 NA 


Estimated. Preliminary. Revised. NA Not available. 
Petroleum products from Platt's Oil Price Handbook. 
Prices at refineries and terminals in cargoes. 


Table 32.—Cost of fuel in steam-electrical power generation 


(Cents per million Btu) 
Regi 1973 1974 1975 
αι Coa Oil Gas Coal Oil = Gas Coal Oil Gas 
N n οι a ewe ee 52.1 12.8 52.5 110.1 190.3 146.4 126.8 194.7 126.7 
Middle Atlantic 41.4 80.0 62.4 81.2 200.1 114.1 102.1 199.3 90.6 
East North-Central ...........-- 42.9 78.4 58.2 65.4 170.0 76.8 82.1 194.4 110.9 
West North-Central .........- 96.9 81.6 34.6 44.1 139.0 41.8 59.8 175.7 56.0 
South Atlantic 45.6 62.9 45.1 87.4 168.6 59.7 99.6 185.2 72.2 
East South-Central _._________ 36.3 94.7 38.5 52.6 182.8 51.4 80.3 175.1 94.1 
West South-Central . _ 13.1 89.0 28.2 17.1 181.7 . 48.1 22.1 185.2 71.5 
oun tan 25.1 95.9 89.1 28.7 164.0 50.8 318 211.2 73.1 
Pacific oce tmo c c 31.8 88.1 41.9 41.1 170.2 58.0 56.5 249.8 104.1 
United States 41.4 15.9 84.1 662 1811 48.3 815 2020 15.2 
Source: National Coal Association. Steam-Electric Plant Factors, 1974 through 1976, table 2. 
Table 33.— Cost of electrical energy 
(Cents per kilowatt-hour) 
i 1973 1974 1975 
Com- Com- Com- 
zm Total „ end Total Resi and Total Sand 
an 0 1 an 0 an 
dential indus: dential indus- dential indus- 
trial trial trial 
New land ο _ _ _ 2.6 8.1 2.3 8.6 4.2 3.3 4.1 4.5 8.8 
Middle Atlantic 2.5 8.2 2.2 8.4 4.2 8.0 3.9 4.6 3.5 
East North-Central |. _ _ _ _ 1.9 2.6 1.6 2.3 2.9 2.0 2.7 8.3 2.4 
West North-Central __ _ _ _ _ 2.1 2.5 1.8 2.3 2.6 2.0 2.7 3.0 2.4 
South Atlantic 1.9 2.2 1.6 2.4 2.7 2.2 2.9 3.3 2.7 
East South-Central __ _ _ _ _ _ 1.3 1.7 1.1 1.5 1.9 1.3 1.9 2.3 1.7 
West South-Central ...... 1.6 2.2 1.3 1.8 2.4 1.5 2.1 2.7 1.8 
Moun tan 1.7 2.2 1.5 1.8 2.4 1.6 2.2 2.8 2.0 
Pacific: __ _ ona 1.5 1.9 1.3 1.8 2.3 1.7 2.1 2.5 1.9 
Alaska and Hawaii 2.7 8.1 2.5 2.9 4.2 2.6 8.8 4.1 3.6 
United States 1.9 2.4 1.6 2 .8 2. 2.7 8.2 2.4 


Source: Edison Electric Institute. Statistical Yearbook of the Electric Utilities Industry, 1973 through 1975. Based on 
tables 22-S and 36-S. 
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Table 34.— Price index of principal metal mining expenses! 
(1967 = 100) 
' Elec- 
Year Total Labor Supplies Fuel trical 
energy 
//. κε ινε 8 1123 1126 120 119 122 
ος sss ͤ ĩ AJ T 7133 1135 128 146 129 
1914 ο ος et mv y E E 1168 1172 157 208 163 
πο ο ⁰yſ¶ͥĩ ο πα ος ο πο τας 189 190 177 245 198 
| rU as ετοιμος P199 P198 188 266 208 


PPreliminary.  'Revised. 
1Indexes constructed using the following weights derived from the 1967 Census of Mineral Industries: Labor, 50.04; 
555 8.18; steel mill shapes and prem 7.32; all other su M 26.89; fuels, 5.88; electric energy, 6.69; and data from 
Department of Labor, Bureau of Labor Statistica, Who. Price Indexes. The index is computed for iron 
and copper ores only because sufficient data are not available for other ο. 5 


Table 35.— Index of major input expenses 
for bituminous coal and crude petroleum 


and natural gas mining! 
(1967 = 100) 
: š Crude 
Year Situmimoue petroleum and 
natural gas 
19720 141 122 
1918 ως 155 136 
1914. lens 175 167 
1910.27 ως, 222 NA 
1976 _______ 248 ΝΑ 


Price Indexes, annual and monthly and weights derived 
from data shown in the 1967 Census of Mineral Industries, 
U.S. Department of Commerce, Bureau of the Census. 
Weights used are as follows: Bituminous coal—labor, 
61.55; explosives, 2.70; steel mill shapes and forms, 5.08; all 
other supplies, 24. 58; fuels, 1.74; electric energy, 4.35; 

crude petroleum and natural gas—labor, 44.65; supplies, 
48.79; fuel, 2.07; and electric energy, 4.49. 
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Table 36.—Indexes of relative costs and productivity for iron ore, copper, bituminous 
coal, and petroleum mining! 


(1967 2100) 


Year he Copper? oe Petroleum 


INDEX OF LABOR COSTS PER UNIT OF OUTPUT 


της ee UN ne 1115 138 154 127 
J ο ο ο ο 2 UMEN 1118 154 167 140 
πι DROGAS Sa tie usuka "155 190 181 171 
JJ v ο SE 180 202 24 NA 
7 νο ο el ας καλως 205 190 280 NA 
INDEX OF VALUE OF PRODUCT PER PRODUCTION-WORKER-PERIOD 
öĩÜöOdemyp RERER 7126 136 153 129 
wm! Sh te EUR HE 7134 150 169 143 
Γι ο ο το ο y ανα. 7143 178 313 226 
jt | ο ο ο ο ο ο ο 177 160 321 NA 
|| ο ο ο ο κα ete 193 204 317 NA 
INDEX OF LABOR COSTS PER DOLLAR OF PRODUCT 
lii. το ο A 1109 10⁴ 93 109 
Dr ο τι ο . ος 1105 100 90 105 
το κ . αρα 1118 95 53 74 
/// Kw EPIO 109 121 60 ΝΑ 
1; 8 111 106 66 NA 


PPreliminary. ‘Revised. NA Not available. 
Index of labor costs per unit of output: Iron ore and copper indexes are computed from data found in U.S. Department 
of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based upon net tons per man 
r day (see chapter on Bituminous Coal) and index of average earnings derived from Bureau of r Statistics data on 
ourly earnings; petroleum index based on barrels per year (see chapter on Petroleum) and Bureau of Employment 
Security data on total w. in petroleum production. 

Index of value of product per production-worker period: Iron ore and copper indexes are computed from data found in 
U.S. Department of Labor, Employment and Earnings and Wholesale Price Indexes. Bituminous coal index based on net 
τ per man per day and mine value of production; petroleum index based on average employment and total value of 
production. 

Index of labor costs per dollar of product: Iron ore and d ορ indexes are computed from data found in U.S. 
Department of Labor, Employment and ings and Wholesale Price Indexes. Bituminous coal index based on index of 
value per man per day and index of average earnings; petroleum index based on total value of production and total wages. 

dexes are for recoverable metal. 


Table 37.—Price indexes for selected cost items in minerals and mineral fuels production 


(1967 = 100) 
Percent Percent 
1976 change Annual average change 
; from from 
Commodity January 1975 
January December 1975 1976 
"eC. 370.3 373.9 +1.0 385.8 368.8 -4.4 
Coke 245 Lee LM ee ae fe 331.1 963.4 4-9.8 830.8 846.8 4-4.8 
Gas fuels .........-..---------------- 244.0 337.6 +38.4 216.7 286.8 92.9 
Petroleum products, refined 273.1 287.1 45.1 251.5 216.4 +7.3 
Industrial chemicals 212.6 221.9 4.4 206.9 219.0 5.8 
6A τες κ ee sm 210.1 252.0 +19.9 192.5 233.0 -21.0 
Explosives⁊Qæ -- 188.8 186.9 -1.0 178.0 187.2 +5.2 
Construction machinery and equipment 193.3 204.5 +5.8 185.2 198.6 1-7.2 


Source: U.S. Department of Labor. Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January-December 
1976, table 6; January 1977, table 4 and 6; Supplement 1976, table 5. 
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Table 38.—Price indexes for mining construction and material handling 


machinery and equipment 
(1967 -- 100) 
Con- ΜΝ Power Special- 
struction aune Oilfield cranes, ized Portable Scrapers Arsak Tractors 
Year γιὰ yand ey end bo, struction eircom- and spread- dhen 

equip- ent 18 equip- machin- Pressors graders x farm 

ment ment ery - 
1972 125.7 117.2 127.3 126.0 129.0 92.0 124.4 126.3 127.3 
19798 2 2 130.7 121.1 133.2 130.5 134.1 93.5 136.1 130.4 131.5 
1974 __ 152.3 143.6 157.8 152.2 151.3 102.8 160.4 145.1 154.7 
1975 185.2 184.3 196.3 184.3 189.4 116.3 195.6 1161.0 188.3 
1915. S 198.6 211.7 217.6 200.6 204.9 118.6 210.5 168.8 202.6 

"Revised. 


Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes. January-December 
1975-76, t table 6 supplement 1973, 1974, 1975, table 5. 


Table 39.—National income originated in the mineral industries 


8 Income (million dollars) ο... 
τος 19747 1975" 1976 from 
Ημ πι --- 15,539 17,979 — 19,384 418 
ος c 1c S S S S 1.596 1637 1.755 +72 
mining co ο το ees 5: 6352 6,567 +34 
Oil and gas ὀχἰτασίἱοη.............----- ------ -- - --- -- - - - -- -- 6,661 7,162 8,765 +12.9 
TM D HK minerals, except fuellsss «ö πο. SITES á 33 + 72 
u Digi ———M—————ÁÓ——ÁÁ———— , 9 5 + ° 
e Us Ru Em pri 
etroleum an UC. lnc z 2 rc ; ; à ; +25. 
Stone, clay, and glass products στ: 9000 982 11199 +19.5 
ta trios- 2 D TU ee E ; +8. 
FIC ο ο ερ ας 1152083 1246113 1,399,254 4122 


"Revised. 
Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 7, July 
1977, p. 45, table 6.3. 


Table 40.—Annual average profit rates on shareholders' equity, after taxes, and total 
dividends, selected mineral manufacturing corporations 


Annual profit rate (percent) Total dividends (million dollars) 


Industry P e phi 
c c 

1975 19761 from 1975 1976! from 

1975 1975 
All manufacturing 11.6 14.0 +20.7 19,968 22,716 +13.8 
metals — ο eco "8.6 8.8 3.5 1,188 1,200 +1.0 
Iron and steel ____________-------- 10.9 9.0 17.4 746 773 48.6 
Nonferrous metals 75.0 6.8 +36.0 442 425 -3.8 
Stone, clay, glass products --------------- T8.3 11.9 +43.4 413 440 4-6.5 
Chemicals and allied products __ _ _ ------ --- 15.2 15.5 +2.0 2,768 3,128 +13.0 
Petroleum and coal produetss -- -- ---- -- -- 12.6 14.4 +15.2 4,245 4,414 +4.0 


the first quarter of 1976 a considerable number of companies were reclassified by industry. To provide 
— th 1975 data has been revised to reflect these reclassifications. 


Source: Federal Trade Commission. rly Financial Report for Manufacturing, Mining, and Trade Corporations. 
lst and 4th Quarters 1976, tables 4, A-1, B-1, C-1, D-1. 
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Table 41.—Industrial and commercial failures and liabilities in mining and 


manufacturing 
Industry 1974 1975 1976 
9 ο 1 ` 
Number ＋If G êéê: ο. 9 26 37 
Current liabili ties thousands $10,102 $9,465 $105,962 
Manufacturing: 
Number of failure s 1,548 1,619 1,323 
Current liabilities _....______--______--- thousands_ _ $823,722 $1,011,144 $1,015,760 
All industrial and commercial industries: 
Number of failure 2s: 9,915 11,432 9,628 
Current liabilities __— -----------------—- thousands_ _ $3,053,137 $4,380,170 $3,011,271 
Including fuels. 


Source: Dun and Bradstreet, Inc., Business Economics Division. Monthly Failure Report. K-17, No. 12, Mar. 5, 1976; K- 
18, No. 12, Mar. 26, 1977. 


Table 42..—Expenditures for new plant and equipment by firms in mining 
and selected mineral manufacturing industries 


(Billion dollars) 
Industry 1974 1975 1976 
πα au ham E EO ⁰· ee LR EE 8.18 3.79 4.00 
Manutacturing: 
Primary iron and steel) ²⅛ œê—•⁰j U ο ο ο eL Lngd s 2.12 23.71 3.81 
Primary nonferrous metals __——-—------------------------------- 2.33 2.28 2.16 
Stone, clay, glass produetss „„ 1.44 1.42 1.72 
Chemicals and allied produettts h”? 5.69 6.25 6.68 
Petroleum. comedia ct eL x EP a y P E LCS SS 8.00 10.51 11.62 
All manufacturing... ß cium etuer tei at Lee 46.01 41.95 52.48 
Including fuels. 
3 Corrected figure. 


Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 3, March 
1976, p. 19, table 7; v. 57, No. 8, March 1977, p. 31, table 7. 


Table 43.—Plant and equipment expenditures of foreign affiliates of U.S. companies, by 
area and industry 


(Million dollars) 
1974* 1915: 1976 
νο Mining Mining 
Area or country germ Petro- a and Petro- era and Petro- nu 
melt : smelt- leum i smelt- leum : 
ing ing ing ng ; ing 
Canadvwu 427 1.295 2.677 534 1,346 2,094 490 1,416 2,165 
Latin America 270 933 1,217 317 720 1,356 192 606 1,615 
Europe 9 1.985 6,374 6 3,016 6.500 13 3,313 6,547 
All other areas 374 4,034 1,358 316 4,410 1.292 221 4,422 1,140 
Total 1,080 8,247 11,626 1,173 9,92 11,242 916 9,757 11,467 


Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 9, 
September 1976, pp. 24-26. 
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Table 44.—Estimated gross proceeds from primary security offerings in 1976: 


Total corporate Manufacturing Extractive* 


Type of security Million Million Million 
dollars Percent dollars Percent dollars Percent 
Bondi c ³·² U ³ 41.069 78.7 13,243 85.6 1.023 57.8 
Preferred stockckk kk 2,189 5.4 944 2. 140 1.9 
Common stock ___ kk 8,305 15.9 1,893 122 606 34.3 
Total? __ ecu pcc Ln eia 52,161 1000 15,479 100.0 1,771 100.0 


‘Substantially all new issues of securities offered for cash uel in the United States in amounts over $100,000 and with 
terms of maturity of more than 1 year are covered in these 

“Including fuels. 

*Data may not add to totals shown because of independent rounding. 


Source: U.S. Securities and Exchange Commission. Statistical Bulletin. V. 36, No. 4, April 1977, pp. 19-20. 


Table 45.— Direct private investment of U.S. companies in foreign 
petroleum industries in 1975» 


(Million dollars; net inflows to the United States designated by -) 


Petroleum All industries 
tri tri 
Book — Net — uted Book Book Net uted Book 
Area or country us capital earn- value us capital earn- value 
á ue ngi pe ges ut ings end of 
ows ο of year ows ο ear 
of year subeid- á of year subeid- ? 
iaries iaries 
Developed countries 18.994 1,183 841 20,336 83,025 2,883 5,149 91,139 
PREMO 8 5,731 6,209 28,4 48 ; 1 
Europeeeeee -- 9,960 1.262 179 11,381 44,182 2,265 2,525 49,621 
Japan --------------- 1,367 -87 33 1,314 3,319 * 
Australia, New Zealand, 
South Africa, Republic of __ 1,215 63 94 1,432 6,520 177 345 7. 035 
Developing countries? _________ 8,257 1,903 1,158 11,147 28,459 3,713 2928 34,874 
Latin America Republics 
and other Western Hemi- 
sphere 3,564 -233 89 8,370 19,491 1,847 1,462 22,223 
Other Afri aaa 1,846 -113 139 1,887 18 2,897 
Middle Eat 1,613 2,034 23 3,673 2,215 2,144 149 4,508 
Other Asia and Pacifica, 1,734 215 902 2,166 4,519 204 1,136 5,146 
International, unallocated ...... 3,605 -283 3 3,324 7,335 -288 07 7,155 
Total” ¿uu ο 80,195 2,803 2,001 34806 118,819 6,307 8,184 133,168 


PPreliminary. 
Data may not add to totals shown because of independent rounding. 


E ot of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 56, No. 8, August 
1976. p. p. 48, table! 49, table 14: p. 51, table 16; p. 53, table 18. 
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Table 46.—Direct private investments of U.S. companies in foreign mining 
and smelting industries in 19755 


(Million dollars; net inflows to the United States designated by -) 


Undis- 
Sane Net tributed 
Area or country vere ital Carnings l Income2 
a year: outflows Bi ings 

sidiaries 
Developed co countries |. _ _ 4,407 205 197 478 295 
rc np AMEN m ο RR TUN 3,058 101 156 243 100 
ο. 73 ⁵:ůUĩ—w— 88 41 6 2 3 (4) 

Australia, New Zealand, 

South Africa, Republic οἱ nones Es 1,308 98 43 238 196 
Αυδίτα]ἱα..............----------.---.-.-..-.-.-.-.-. .. 1,063 77 41 230 189 
South Africa, Republic of W 21 2 7 7 

Developing countries? ______________________ 2,145 342 41 152 147 
Latin American Republic 1,012 250 32 20 (4) 
BXICO κα ος μις σος 80 -13 11 17 6 
Panama: ο ο os ee -1 (4) (4) (*) (4) 

Brail nien 131 17 W 

Chilé ee —x— 13 W W W (4) 

Pep LI anaa y 8 700 W W 42 «26 

Other Western Hemisph ere 460 59 ($) 80 86 
Other Africa ß 486 36 10 38 W 
Middle E age 5 1 2 2 (9 
Other Asia and Pacific ...........- --- 181 3 3 12 W 
ο μαι σι πε. 6,551 547 238 630 442 


PPreliminary. W Withheld to avoid disclosing individual company confidential data. 
1Sum of the U.S. share in net earnings of subsidiaries and branch profits. 

3Sum of dividends, interest, and branch profits. 

Data may not add to totals shown because of independent rounding. 

*Less than 1/2 unit. 


Source: U.S. Department of Commerce, Bureau of Economic rip Survey of Current Business. V. 56, No. 8, August 
1976, p. p. 49, table 14; p. 51, table 16; p. 53, table 18; p. 55, table 20; p. 59, table 24. 


Table 47.—Value of foreign direct invest- 
ments in the United States, at yearend 


(Million dollars) 
Industry 1971 1972 1973 1974 19155 


Total 13,655 14,868 18,284 22,421 26,140 
Petroleum 3,113 3,272 4,649 5,979 8,194 


PPreliminary. 


Source: U.S. Department of Commerce, Bureau of Eco- 
nomic Analysis. Survey of Current Business. V. 54, No. 8, 
he DM RS „p. 7, table 1; v. 56, No. 8, August 1976, 
P 
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Table 48.—Mineral freight originated on rail and water carriers in the United States, 
including Puerto Rico and Virgin Islands 


(Thousand short tons) 
Rail Water 
Mineral group Percent Percent 
1974 1975 c e 1974 1975 c 
from 1974 from 1974 
Metals and minerals, except fuels: 
Bauxite 6.733 5,176 -23 583 447 -23 
Copper ore ss 10,812 6,568 39 = 19 oe 
Iron ores and concentrates ~- _ _ _ _ - 103,132 89,642 -13 T9,893 69,825 -13 
Lead and zinc ores 2,077 1,698 -18 NA NA NA 
ο. 000000 L ES 1,071 848 -21 1,186 1,117 
Other ores _________________ 2,690 2,513 -7 631 672 +6 
Steel works and rolling mill products _ 56,001 41,017 27 11.264 8.707 23 
Iron and steel castings _________ _ 2,959 2,221 -25 ES AN we 
Nonferrous metals, primary smelting 
rodue ts 7,889 5,075 31 680 548 -19 
er primary metal products _ _ _ _ _ 3,970 3,060 -23 wes EN mc 
Iron and steel cra s 38,872 28,946 -26 2,311 1,554 -33 
Nonferrous metal crab 449 2,088 +365 87 36 -59 
Abrasives, asbestos, ete -.-. 82,216 21,480 -15 x -- ME 
Cement.-.-.-. _ _ ee 17,681 15,405 -13 9,873 8,299 -16 
%] a 8,311 2, -20 1,694 1,480 -13 
Fertilizer_____ _ 19,633 18,481 -6 6,128 6,001 -2 
GYPSUM: ---::- cene 2,035 1, -28 09 -18 
Limestone, agricultural and lime 8,791 7,378 -16 675 481 -29 
Limestone, fuuununun _ 11,693 9,081 -22 36,316 29,134 -20 
Phosphate rock 41,909 42,238 +1 8,535 9,412 +10 
Sand and gravel. __________ -.-. 48,349 39,772 -18 76,444 67,906 -11 
Stone, crushed __ 45,679 38,814 -15 EE "TE JM 
Sülfür- ος ah κ 8 5,102 4,818 -6 8,842 8,057 -9 
Other nonmetallic minerals __ __ _ _ 11,031 10,180 -8 7,052 6,627 4 
Total minerals, excluding fuels _ _ 483,645 406,601 -16 252,903 220,442 -13 
Fuels and related products: 
Asphalt, tar and pitches 2,988 2,556 -14 8,950 8,075 -10 
SSS ae ERS apr an ONE 390,871 407,566 +4 144,779 152,814 +6 
Coke ους (2X ee 23,546 19,720 -16 2,412 2,394 -l 
Crude petroleum and natural gas 2,146 2,900 +6 83,580 77,887 7 
Distillate fuel oil 1.101 784 -29 83,573 86,994 +4 
Gasoline, jet fuel, kerosine _ — _ _ _ _ 1,349 1,229 9 105,457 106,530 +1 
τ etroleum gas, coal gas 6,979 6,445 -8 1,135 1,378 +21 
Residual fuel oil 7,097 6,626 -7 111,468 111,504 mee 
Other τα and coa] products _ = 9,963 8,404 -16 13,285 11, 596 13 
Total fuel and related products 446, 640 456,230 +2 554,639 559,172 +1 
Total minerals ” 980,385 862,831 -7 807,542 779,614 -3 
All products carried... l „530,686 à 395 955 -9 982,700 946,327 4 
Mineral products, percent of grand total: 
Metals and minerals, except fuels _ _ _ _ _ 32 29 TN 26 23 a 
Fuels and related products .........- _ _ _ 29 33 -- 56 59 T» 
Total minerals 61 62 seen 82 82 a 
NA Not available. 


Source: Interstate Commerce Commission, Bureau of Accounts, Freight Commodity Statistics, Class I Railroads in the 
United States, 1974 and 1975. Department of the Army, Corps of Engineers, Waterborne Commerce of the United States, 
Part 5. National Summaries, table 2, 1974 and 1975. 


Table 49.—Percentage distribution of mine shipments of bituminous coal and lignite by 
method of shipment and mine use 


Shipped by Shipped b 
Year nipped $ water an M to Used at Total pro- 
ως to ο to destination mines duction 
Cö·Ü;ĩ1d ᷑⁶)· . ͤõ·=wßx:mt λος 8 66.2 11.7 11.0 11.1 100.0 
JJ; ͤõĩõĩ%—³1CBl ⅛ð - ĩð -v. σα «σσ 67.1 11.5 9.8 11.6 100.0 
Iö;ÄöÄt mm 8 277.1 (2) 11.0 11.9 100.0 
17öĩÄ—⁵ y rhe ee Suca 64.5 10.7 12.2 12.6 100.0 
J; SS ο cir S EE 63.0 11.0 18.0 13.0 100.0 


"Includes coal used at mine for power and heat, made into beehive coke at mine, used by mine employees, used for all 
other purposes at mine, and transported from mine to point of use by conveyor, tram, or pipeline. 
?Bituminous coal and lignite shipped by water included with that shipped by rail. 
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Table 50.—Miles of utility gas main, by type of main 


(Thousands) 
Type of main 1971 1972! 1973" 19747 1975 19165 
Field and gathering _____________________ 166.2 66.9 659 666.4 68.5 70.3 
Transmission _____________---_________ 254.8 258.1 263.1 2629 2626 258.2 
Distribution _____________________ scc 2L 1610.4 623.1 633.8 645.6 648.9 659.1 
Total? 1931.4 948.1 962. 974.1 980.0 9287.7 


preliminary. Revised. 
1Excludes service pipe. Data not adjusted to common diameter equivalent. Mileage shown as of end of each year. 
*Data may not add to totals shown because of independent rounding. 


Source: American Gas Association. Gas Facts, a Statistical Record of the Gas Utility Industry in 1975, p. 49, table 42, 
1976 data obtained directly from the American Gas Association. 


Table 51.—Petroleum pipelines, selected years 


(Miles) 
Trunklines Gath 
Y atnering 
€ Crude Products lines Tou 
öôö (ê[—ꝛ'f ] dd τε 8 70,355 76, 988 
οι τα πι dd 88 12,383 61,443 17,041 210,867 
e e ας εικονα 10,825 ,529 14,124 209,478 
jp fo οτι y y ο ĩ ποσών 15,143 12,396 71,132 218,671 
1914 ll ce Sg ts ĩðͤ v asa eae: 76, 76,839 ,266 ; 
Table 52.— Funds expended in research and development activity 
(Million dollars) 
Total! Company Federal Government 
1978 1974 1975 1973 1974 1915 1973 1974 1975 
Petroleum τα and extraction 504 598 700 490 578 669 14 20 31 
Percent οἵ all industries 2.4 2.7 3.0 3.9 4.1 4.5 0.2 0.2 0.4 
Chemicals and allied products _ _ _ 2,081 2,964 2,650 1,875 2,148 2,411 206 216 240 
‘Percent of all industries 9.9 10.6 11.3 14.8 15.3 16.3 2.5 2.6 2.7 
All industries 20,921 22,348 23,535 12,699 14,018 14,775 $8,222 8829 8,761 
Data may not add to totals shown because of independent rounding. 
Source: National Science Foundation. Science Resources Studies Highlights. NSF 76-324, Oct. 27, 1976, p. 2. 
Table 53.—Federal obligated funds for metallurgy and materials research 
(Thousand dollars) 
Fiscal year 1976* Fiscal year 1977 
Federal agency Basic Applied Total Basic Applied Total 
research research research research research research 
Department of Defense 29,731 80,308 110,045 35,330 85,482 120,762 
Energy Research and Development 
Administration __ _ 40,212 13,226 53,438 42,796 22,104 64,900 
National Aeronautics and Space 
dministration . .. --.--------΄----- ---- 1,259 84,112 41,971 7,867 36,065 43,932 
Bureau of Mines 135 43,420 43,555 100 88,470 88,570 
National Science Foundation 16,671 2,135 18,806 18,981 2,967 21,348 
De ent of Commer re 999 1,156 2,155 1,030 1,192 2,222 
Other Loo eee ĩ 5 564 569 10 763 773 
Total: πο 95,018 175,521 270,539 106,114 186,393 292,507 
*Estimate. 


Source: National Science Foundation. Federal Funds for Research, Development and Other Scientific Activities, Fiscal 
Years 1975, 197 p wer C v. XXV, Detailed Statistical Tables, Appendices C and D. NSF 76-315, July 1976, tables C-24, 
C-25, C-43, C-44, C-62, : 
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Table 54.—Bureau of Mines obligations for Table 55.—Bureau of Mines obligations 


mining and mineral research and for total research, by field of science 
development (Thousand dollars) 
(Thousand dollars) 
μον Fiscal Year 
A == === a AE 
Basic Devel- 1975 1976 TQ! αἱ 
Fiscal year ος καν re- op- Total 3 E 
s: : Š 55 47,712 67,520 23,030 73, 820 
sciences `.. , , 7 , 
2 km Me mS ge e 
—————— , , , , i ———— — — 1, 1, , 
19055... .- 50.977 — 1,935 48717 101629 Mathematical „ 
1976 72,500 800 58,000 131,300 sciences 1285 1,600 400 1,600 
TQ' .... 24,300 200 20,800 4480 Environmental 
19777777 78,900 800 65,878 53,706 sciences 2,030 2,400 600 2,400 
ο. Total 52.912 73,800 24.500 79,700 
Transition quarter, July 1-Sept. 30, 1976. 
q y pt Ceti 


te. 
‘Transition quarter, July 1-Sept. 30, 1976. 


Table 56.—Summary of Government inventories of strategic and critical materials 


December 31, 1976 
Acquisition cost Market value! 
Total inventories in storage: 
National stockpile ...........--.---------------------------------------------------.-- $2,479, 153,000 $6,013,865,200 
Supplemental stockpile __ _ “kk 1,076,059,600 1,899,874,700 
ense Production Act ......--.---.---------------------.---.-------.-.---.-.-.---- 297, 095, 800 246,688,900 
Total Rg ce ⁵]Vuiii.k.ĩ?˙itr ⁰yß y E I 3,852,308,400 8,160,423,800 
Total inventories reserved for goals 
and uncommitted excess inventories .................-- -.-.-..-.-. -..-..-.-.. -. -.-.-.. -.-..-.. ΝΑ 6,410,079,700 
ΝΑ Not available 


! Market values are computed from prices at which similar materials are being traded; or in the absence of current 
trading, at an estimate of the price that would prevail in commercial markets. Prices used are unadjusted for normal 
premiums and discounts relating to contained qualities, or for inherent materials-handling allowances. Market values do 
not necessarily reflect the amount that would be realized at time of sale. The uncommi excess excludes the unshipped 
sales; the inventories in storage include quantities that have been sold but not shipped. 


Source: General Services Administration, Office of ο. Stockpile Report to the Congress: Preliminary Data 
for the Statistical Supplement, October-March fiscal year 1977. 
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Table 57.—U.S. Government stockpile disposal of mineral commodities, 1976 


Sales commitments 
Commodity 
Quantity Sales value 


NATIONAL AND SUPPLEMENTAL STOCKPILE INVENTORIES 


Aluminum... ³ y 8 short tons 9,765 $7,950,713 
Aluminum oxide, fused, crude lee do- 16,973 3,063,796 
dd ee ee é do— 192 66,112 
Asbestos, crocidolite __ Le do_ _ _ _ 4 12 904 
Cadmium x ec P ͤ iet Pun A LL e Ea pounds 125,000 
CH PT E υμών do_ _ _ _ 5,148,660 20,799,141 
Columbium ores and concentratee s do—- 819 : 
Copper, o oxyge n free, high conductivity ~ - - -- -------------———- short tons 500 ; 
Copper, Other o oom Rouen y ee ee kDa 22 do... E 1.1 044,443 
Diamonds, industrial, bor carats _ 2,542,923 5,540,158 
Diamonds, industrial, stone. ______________~_______ 2222222 do... 1.516 6,108,154 
m= d ce ME ³ κ οι ³ Ä 8 short tons 459 ,076 
MU ον VV P E do- 500 835, 000 
Manganese, battery grade, natural ore short dry tona... 123 6,150 
Manganese, battery e, synthetic dioxidea–‚ .. do_ _ _ _ 545 231,127 
Manganese, chemical grade, type Α.........-------------------- do... 1,000 65,250 
ese, chemical grade, ο. )))! ! do- 6,000 ; 
Mica, muscovite Π|πι................----------.---.-.---.-.-.-.-----.-.-.-.-.-. -. -. -. -. pounds 18,823 13,416 
Mica, muscovite splittings ......-----.--.-----.-.-.-...-...-.-.-.-----.-. ἆο _ _ _ 1,186,078 ,188,006 
Mica, phlogopite block _ _ LLL L2 L2 l2- do... ,112 18,001 
Mica, phlogopite s Πο ο. J TF OPE pM a do_ _ _ _ 357, 975 203,943 
Molybdenum disulfide - ~- - - - - ꝛ 2 2222-2 do— 130,151 1912,29 7 
Molybdenum, {σττο..............-.-.---. „ do_ _ _ _ "^ 195.086 
Molybdenum οχἱάο...........-.------------------------------------------------ ο... cn 15,600 
uere 18S un Mo uuu eL ĩð-v c ĩ E ks do_ _ _ _ 234,392 1,479,533 
DT ⁵ T ĩ 88 short dry tons. . 55 6,125 
Selenium ame . . LE pounds. . 2,500 42,529 
U ³ↄðſͥ́uu ³ me I A short tons. _ 30 : 
Thorium nitrattmmmdmdʒdʒ·u „ „ „„ pounds 17,800 40,056 
!Cööõͤ·ĩ˙¹“1 a ]ðx2j ] mt M 8 long tons. . 8,586 26,282,833 
Tungsten ores and concentratũe s pounds 2,281,130 14,530,844 
Total... ου οπου m eh E 25 EN 90,074,648 
DEFENSE PRODUCTION ACT (DPA) INVENTORY 
Cobalt. r ahh ꝶ .. ß y ανα 8 pounds 24,199 122,399 
Columbium ores and concentrate do_ _ __ 44,089 142,801 
ese, metallurgical gradee—— -- -- - - - -- ----- short dry tons. _ 42,660 912,855 
Mica, muscovite film- — - - - - - L 2-222 22222222222 pounds 991 4,64 
Tungsten ores and concentratt eue. „ do— 1.427, 277 9,399,150 
EC! etn ees Ee soy t Lu ane 10,581,850 
OTHER 
Lithium. το ß ec ee See E EL UIS pounds 1,983,869 1,521,290 
Iii; ⅛˙⅛·. - ſſ ⁰⁰y ee eL Lue flask. _ 1,020 113,690 
του ο ο ccc d e 1,634,980 
Ä] ²⅛”²˙.à.n] ] ]uꝓ ua dE ομως . os 102,291,478 


1Represents adjustments to prior year contracts. 


Source: General Services Administration, Federal Preparedness Agency. Stockpile Report to the Congress, January- 
June 1976; July-September, 1976; Preliminary data for the P Statistical upp ement, r-March fiscal year 1977. 


66 MINERALS YEARBOOK, 1976 


Table 58.—United Nations indexes of world! mineral industry production 


(1970 — 100) 
: 1976 by quarter 
Industry sector and hical area 1974 1975 1976 
= cdd ist 24 3d 4th 
EXTRACTIVE INDUSTRIES 
Metals: 
Market economy countries ________________ 104 98 101 98 101 102 104 
Developed? __.____________________ 100 94 96 92 98 98 98 
United States and Canada ___________ 104 95 101 94 104 103 102 
Europe δε οκ ώς eas 106 100 98 101 102 90 98 
European Economic Community” HAS 88 83 77 81 80 71 15 
European Free Trade Association 119 108 110 118 119 96 118 
Australia and New Zealand 102 104 101 90 97 113 108 
Developing 111 103 109 109 106 109 118 
Latin America 118 108 116 118 109 119 122 
ABI ο τος λος ο ο ο στ δις 95 96 99 97 99 98 102 
centrally planned economy countries (Europe) . . 119 122 123 122 125 123 121 
; 8 108 103 106 104 107 107 108 
Market economy countries 85 88 88 91 88 81 92 
Developed? _______________________ 83 85 85 88 86 78 89 
United States and Canada ___________ 102 112 114 114 118 106 119 
Ful i ZC ou eee 76 77 16 80 15 68 80 
European Economic Community” ir es 74 74 72 77 72 64 76 
European Free Trade Association* ___ 97 90 91 96 88 89 92 
Australia and New Zealand 132 131 145 134 150 145 151 
Developing? __ _ 113 122 124 134 121 117 124 
Latin America® __________________ 118 117 114 NA NA NA NA 
ΙΒ’ lcu ³%ÜV. ³ 88 112 125 131 146 126 124 128 
Centrally planned economy countries (Europe) ___ 110 114 116 115 117 116 117 
MOM ates eae ac E ER ĩͤ rs ane eet 96 99 100 102 101 96 103 
Crude petroleum and natural gas: 
Market economy countries 122 116 125 122 120 125 132 
Developeddd⅛⅜Jñ 112 114 114 117 111 110 121 
United States and Canada ___________ 103 106 104 104 102 103 107 
Europe Me 158 159 178 204 157 138 213 
European Economic Community” —— 1864 166 187 216 164 142 221 
European Free Trade Association! |. NA NA NA NA NA NA NA 
Australia and New Zealand NA NA NA NA NA NA NA 
Developing" ---------------------- 129 111 132 126 126 135 140 
Latin Americaͤ 100 94 94 99 93 97 89 
PR ot pcc 100 94 94 99 93 97 89 
Centrally planned economy countries (Europe) . 130 140 148 141 140 142 136 
J E cce LN CE I 24 121 130 128 126 130 135 
Total 3 industry: 
Market economy countries 112 107 114 111 111 113 119 
Developed 104 102 104 104 103 102 109 
United States and Canada _ _ aa 104 105 106 105 105 103 106 
Europe ο ο 254.55. τα. 99 96 98 108 96 90 104 
European Economic Community” D 97 93 96 102 93 86 102 
European Free Trade Association 111 104 106 109 110 96 107 
Australia and New Zealand .................... 144 142 144 134 143 150 148 
Developing ---------------------- 125 114 127 122 122 129 134 
Latin America® -_—--------------- 108 102 104 107 101 104 102 
J77õÄÜö³r⁵¹⁰b1- ͤ» 0 148 134 152 145 144 155 166 
Centrally planned economy countries Europe? 124 132 138 136 139 139 136 
r . LL eee 116 115 121 118 119 121 124 
PROCESSING INDUSTRIES 
Base metals: 
Market economy countries _ _ _ _ _ _ 120 102 111 107 116 110 112 
Developedd]dls,· 118 99 107 104 112 105 107 
United States and Canada __________-_ 115 92 101 99 109 100 94 
ik. Lene 117 99 107 106 111 101 111 
European Economic Community? 1412 93 101 101 104 96 104 
European Free Trade Association? 116 101 104 101 107 95 112 
Australia fand New Zealand _________- 111 109 109 109 114 111 102 
Developing 136 142 159 141 161 167 167 
roan America® ___ 145 148 161 189 164 171 169 
J 8 121 135 164 150 161 172 174 
5 πρὸς κ economy countries (Europe? _ 126 135 146 149 148 145 143 
121 112 121 119 125 120 121 


See footnotes at end of table. 
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Table 58.—United Nations indexes of world: mineral industry production —Continued 


(1970 = 100) 
i 1976 by quarter 
Industry sector and hical area 1974 1975 1916 — F 
i 5 ist 2d 3d 4th 
PROCESSING INDUSTRIES —Continued 
Nonmetallic mineral products: 
et economy countries 121 114 124 113 127 126 128 
Developed? _____________.-_--__--. 118 109 118 108 122 120 123 
United States and Canada ___________ 120 110 124 112 126 129 127 
EUFODÉ ο ος a ( my 118 109 116 106 122 114 120 
European Economic Community? ____ 116 106 113 104 119 110 118 
European Free Trade Association 119 101 102 93 107 98 110 
Australia and New Zealand __________ 114 116 126 110 128 132 194 
Developin ggg 139 146 158 147 161 168 158 
Latin Americas 143 151 165 155 166 178 162 
Asia Lo e eee e LI LL 135 141 152 138 157 156 156 
Centrally planned economy countries (Europe? . 135 144 152 150 156 153 150 
C4⁰]%ĩð⁵— ͤ A.. 88 126 126 135 128 138 137 137 
Chemicals, petroleum, and coal products: 
Market economy countries 130 123 138 134 138 137 143 
Developed? ___ .... ........... 129 121 137 138 198 195 141 
United States and Canada __________~_ 128 125 143 138 154 144 147 
Europe oe ες 24 131 117 132 131 134 126 136 
European Economic Community? 128 113 128 128 131 123 131 
European Free Trade Association? 128 116 127 124 131 117 185 
Australia and New Zealand _________~- 124 116 127 117 128 131 132 
Developing? ______________________ 137 136 146 139 144 150 152 
Latin America: 144 149 154 ΝΑ ΝΑ ΝΑ ΝΑ 
ANB ο το (v d EE 125 122 130 126 125 133 138 
Centrally planned economy countries (Europe ___ 146 161 175 173 178 176 172 
. et Εώς LE 94 132 146 143 147 146 150 
OVERALL INDUSTRIAL PRODUCTION 
Market economy countries 121 115 125 122 126 123 130 
Developed? __________________~_____ 119 112 122 119 122 119 126 
United States and Canada ___________ 119 112 124 120 125 124 125 
U AA eee 118 111 119 118 120 110 127 
European Economic Community? — 115 108 116 116 117 107 124 
European Free Trade Association 119 112 113 112 116 102 123 
Australia and New Zealand 116 117 122 114 122 126 124 
Developing 135 136 148 139 146 151 155 
Latin Americas 141 144 154 NA NA NA NA 
Jĩõĩ6 7⅛mm ¼mt eh er 139 140 157 149 152 158 168 
Centrally planned economy countries Europe? 140 152 164 161 165 164 164 
OPE. ue ώμο ως σωμα m tad cem 126 125 136 132 187 184 140 


NA Not available. 

IExcludes Albania, the People's Republic of China, Mongolia, North Korea, and Vietnam. 

Canada, the United States, all countries of Europe (except those listed in footnotes 1 and 8), the Republic of South 
Africa, Israel, Japan, Australia, and New Zealand. 

3Belgium, Denmark, France, West Germany, Ireland, Italy, Luxembourg, the Netherlands, and the United Kingdom. 

* Austria, Norway, Portugal, Sweden, and Switzerland. 

Countries not indicated in the footnotes 1, 2, and 8. 

5Corresponds to the United Nations classifications ‘Carribean, Central and South America.” 

7Corresponds to the United Nations classifications “Asia, excluding Israel and Japan.” 

*Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, Romania, and the U.S.S.R. 


Source: United Nations Monthly Bulletin of Statistics. August 1977, pp. xiv-xxvii. 
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Table 59.—Comparisons of world production and U.S. production and imports of 
principal minerals and mineral fuels in 1976 


| (Thousand short tons, unless otherwise specified) 


Percent of world production 
; ; World Total U.S. 
Commodity and unit p production 
roduction U.S. U.S. : 
š production imports and imports 
1975 1976 
METALLIC ORES AND CONCENTRATES 
Bauxit thousand long tons 16,337 2.6 116.5 18.1 19.1 
Chromitttee 9,492 mS 19.4 19.8 19.4 
Copper (content of ore and concentrate) -... 8,213 19.6 6.5 22.6 26.1 
Iron ore thousand long tons. _ 881,028 9.1 5.0 13.9 14.1 
Lead (content of ore and concentrate) _ _ _ _ 8,701 16.5 24 17.8 18.9 
Mercury thousand 76-pound flasks _ 244 9.4 18.0 20.3 27.4 
Molybdenum (content of ore and 
concentrate _ _ _ _ thousand pounds 191,287 59.2 1.0 61.6 60.2 
Nickel (content of ore and concentrate) _ _ _ 886 1.8 21.2 20.5 28.0 
Platinum-group (Pt. Pd. etc.) 
thousand troy ounces. _ 5,992 1 44.5 32.2 44.6 
νόσος νε e ος. do.-.- - 804,899 11.8 29.0 42.1 40.3 
Titanium concentrates: 
Ilmenite (excluding slag) .......- 8,512 18.6 4.8 26.1 23.4 
TT ue 35 un 471 w 59.9 NA NA 
ngsten (content of ore concentra 
thousan Pounds. = 91,845 6.3 5.8 14.4 12.1 
Zinc (content of ore and concentrate 6,462 7.5 2.4 14.0 9.9 
METALS, SMELTER BASIS 
Aluminum 13,774 30.9 5.4 33.2 36.3 
/ ο mcus e cu. 8.164 17.9 5.7 20.5 22.6 
Iron. pi^ —— ———— K ĩ 8 9,298 15.8 1 15.2 15.9 
JJ. ·iaͥ ο” 3,788 15.0 3.7 17.2 18.7 
aum — 8 148 - W 10.1 NA NA 
Steel, rag 748,492 17.1 1.7 18.1 18.8 
NT thousand metric tona. . 2.5 19.7 22.0 22.3 
Uranium oxide short tons 30,100 42.2 18.4 48.1 60.6 
“A L ο ο di d Edu cs 5,978 6.4 11.6 12.2 18.0 
NONMETALS 
Aste. 5,566 2.1 11.8 14.0 13.9 
Cemefit-———— once ec et Lc deir 811,502 9.0 4 9.3 9.4 
Diamond .......-.- thousand carata.. _ 39,726 e 56.9 45.9 56.9 
Feldspar, cruadeee 2,850 26.0 ($) 23.2 26.0 
Fluorspar, marketable __ -. - -- - -- -- 4,889 3.8 18.3 23.7 22.1 
Gypsum ..........-------------------- 66,231 18.1 9.4 24.2 27.5 
Mica (including scrap) -. thousand pounds 471,082 53.5 1.1 52.1 54.6 
Nitrogen, agricultural? `.. _ 48,366 28.7 2.9 31.9 31.6 
osphate rock ___ 117,898 41.5 (5) 41.5 41.5 
Potash (K30 equivalent) _______-~---- 26,876 8.9 17.1 23.0 26.0 
J/öÜ;¹(ſñ. E 183,252 24.0 2.2 25.3 26.2 
Sulfur ------—— thousand long tona. . 50,070 21.4 3.4 26.2 24.8 
MINERAL Y RESO 
Crude petroleum thousand barrels. _ 21,187,147 14.0 12.6 27.0 26.6 
Natural gas, marketed million cubic feet_ - 49,352,023 40.4 2.0 444 42.4 
Bituminous coal and lignite — — - - --- --- 3,515,048 19.8 ($) 19.0 19.3 
Anthracite 22.2 εκ 196,769 3.2 ο 8.2 8.2 


PPreliminary. NA Not available. W Withheld to avoid disclosing individual company confidential data. 

1Includes imports into U.S. Virgin Islands. 

World total exclusive of Bulgaria and China. 

3World total exclusive of the United States. 

*World total exclusive of Brazil, Czechoslovakia, Finland, East Germany, West Germany, Hungary, India, Israel, 
Japan, the People's Republic of China, and the U.S.S.R. 

For year ending June 30 of year stated. 
Less than 1/2 unit. 
"Includes Puerto Rico. 
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Table 60.—Value of world export trade in major mineral commodity groups! 
(Million U.S. dollars) 


Commodity group 1971* 1972* 1973" 19747 1975 
Metals: 

All ores, concentrates, scrap s 1,231 1,162 11,017 15,683 14,685 

Iron and stell 17,705 20,102 28,455 46,435 45,831 

Nonferrous metals ___________________- 10,489 11,862 17,284 25,221 18,243 

Subtota]!ll -.-......... 35,425 39,726 56,756 87,339 78,759 
Nonmetals (crude only jz 2.743 3,197 3.840 5, 856 6.257 
Mineral fuels s 36,153 42,104 63,565 168,104 168,560 

Total dcs πώ AA ont 14,821 85,027 124,161 261,299 253,576 
All commodities ____-____________________ 346,271 413,837 574,093 833,290 872,528 

"Revised. 

!Data presented are for selected major commodity groupe of the Standard International Trade Classification Revised 
(SITC-R), and as such exclude some mineral co ities classified in that data array ther with other (nonmetal) 
commodities. SITC-R categories, included are as follows: Ores, concentrates, and scra Division 28; iron and steel— 
SITC Division 67; nonferrous me ivision 68; nonmetals (crude only)—SITC Division 27; mineral fue ITC 


Table 61.—Mineral commodity export price indexes 


(1970 = 100) 
Year and quarter pios Fuels iride 
κ uuo s ed cL D uL M Me au D: 175 511 413 
I pe E T" ο ο ⁰ 8 1206 588 494 
1976: 
First Garter: d ß Se 199 628 517 
Second quarter: Z ß p eS 218 610 
Third quarter _------------------------------------ 213 610 508 
Fourth quarter -~--~ e e NA NA 511 
Annual averannek ꝛ „„ NA NA 510 


r Revised. NA Not available. 
Sources: United Nations Monthly Bulletin of Statistics, New York, December 1976 and October 1977. 


Table 62.—Analysis of export price indexes 


(1970-100) 
Developed areas Developing areas 
Year and quarter Total Nonferrous Total Nonferrous 
minerals base metals minerals base metals 
w τι ο SN RS g 214 149 555 160 
JJ 8 21 in A τ 
976: 

i First 1-147 o 8.2.45 542 ee UR" 299 126 605 108 
Second quarteeẽ rr 299 138 590 127 
Third unte Lee 301 145 591 134 
Fourth quarter .........--------------------- NA NA NA NA 

Annual averanige NA NA NA NA 


NA Not available. 
Source: United Nations Monthly Bulletin of Statistics, New York, December 1976, pp. xxv-xxvi. 
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Mining and Quarrying Trends 


in the Metal and Nonmetal 
Industries 


By T. A. Johnson? 


Recovering from low demand in 1975, raw 
mineral production in the United States 
maintained a steady climb in value and 
quantity throughout 1976, keeping pace 
with the gross national product (GNP), 
which increased 11.596 compared with that 
of 1975. The minerals industry, in the past, 
has met ever-increasing demand while 
keeping production costs to a minimum. To 
maintain this capability, technological re- 
search and development of more efficient 
processing methods must continue. 

The role of Government and its increas- 
ing involvement in minerals industry 
actions received unfavorable comment from 
various segments of the industry in 1976. 
Government pricing controls were of con- 
cern to most industrial firms marketing like 
products. Public land withdrawals in large 
blocks were of concern to the mineral in- 
dustry. 

The large amounts of capital and the 
length of time required to bring a new 
facility into production were also of con- 
cern. For the latter, estimates from concep- 
tion to realization were as much as 15 years. 
Capital outlay for the mineral industry in 
the past few years has increased from $25- 
$30 to $75-$90 per ton of output. 

In underground mining, raise- and shaft- 
boring methods have been perfected and 
1,000-foot borings are common. Because 
Federal regulations require better air qual- 
ity, mine operators throughout the United 
States are engaged in improving mine ven- 
tilation systems. The safer and more rapid 
completion of 7-foot-diameter shafts at low- 
er costs, compared with the more conven- 
tional shaft-sinking methods, have contri- 


buted toward the use of raise-boring for 
constructing mine ventilation shafts. Long- 
er cutter life has also advanced this meth- 
od; often 3,000 to 5,000 feet of boring can be 
completed before cutters must be re- 
placed. The trend in boring is toward larger 
diameters, with 15-foot diameter s 
being the next size in certain rock form- 
ations. The largest and longest raise bored, 
to date, is the 2,300-foot-long, 12-foot- 
diameter shaft at the Cargill salt mine in 
New York State. 

Roof control in underground mining re- 
mains a problem, owing to the increased 
depth of mines. The Bureau of Mines, in 
cooperation with the mining industry, has 
researched methods to monitor and predict 
roof falls. Utilizing a computer, the Bureau 
constructed and installed an instrumen- 
tation system whereby up to 400 under- 
ground locations were monitored simultane- 
ously. The computer automatically plotted 
load, deformation, stresses, and closures as 
desired. Additional support was installed in 
suspected unsafe locations. 

Research and development of more effi- 
cient underground drilling equipment con- 
tinued. Interest in the all-hydraulic drill, 
which has only one moving part and pro- 
vides the capability for drilling larger diam- 
eter holes, has increased. The percussive 
drills presently used are limited to 2 to 2 
1/2-inch-diameter holes, because larger 
holes would require much bulkier mac- 
hines, commensurately larger rods, and 
greater compressor capacity. In addition, 
research was being directed toward radical- 


!Mining engineer, Division of Ferrous Metals. 
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ly different drilling techniques, such as 
laser-assisted drilling and high-pressure, 
jet-assisted mechanical drilling. In the for- 
mer, the laser beam performs the "kerfing" 
at the same time as the conventional drill 
bit cuts the hole gauge. In the latter, the 
high-pressure water jet is placed slightly 
ahead of the rotary bit to increase the 
penetration rate. 

Advances in blasting technology were 
oriented toward pattern selection rather 
than explosive development. The trend at 
present is also toward higher benches, larg- 
er diameter holes, and delay blasting. Met- 
allized slurries, however, will increasingly 
be used in underground blasting in the 
future because of higher blasting efficiency. 

The mining industry has continued to 
adopt new methods for underground load- 
ing and haulage, as evidenced by the in- 
creasing use of trackless haulage and the 
development of conveyor technology. It is 
estimated that 5,000 to 6,000 diesel load- 
haul-dump (LHD) units are presently in use 
in the hard-rock sector. These units are 
characterized by their high productivity, 
flexibility, and low initial cost. The design 
trends for the LHD's are toward lower 
profiles, power-shift transmissions, articu- 
lated steering, and fast-reversing unite. En- 
vironmental constraints have led to the 
development of more effective exhaust sys- 
tems and electrically powered units. 

Environmental constraints have influ- 
enced the search for future uses of mined 
out areas. One such area has been convert- 
ed into an industrial park with warehouses, 
factories, and offices. In the past, mined out 
areas have been used for oil and water 
Storage and as  nurseries for  seed- 
ling pine trees. Often, possible future uses 
for the mined space are taken into consider- 
ation in the planning stages of mine design. 
Storage and waste disposal areas are of 
primary interest. 

Companies engaged in surface mining 
and processing are experimenting with new 
methods for increased and more efficient 
production. Computer systems for the eval- 
uation of deposits and the design of open 
pits are being used by an increasing number 
of companies. Equipment changes in open 
pit mining have not been drastic, although 
most taconite companies have changed from 
jet-piercers to large rotary drills for blast- 
holes. For haulage, the average operation 
utilizes 50- to 170-ton trucks. In the smaller 
open pit operations, the trend is toward the 
use of front-end-loaders rather than power 
shovels. Where shovels are used, the shift is 
to hydraulic machines. The main advan- 
tages of the hydraulic shovels are lower 
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overall weight and the fact that the bucket 
may be loaded by rotation rather than by 
being drawn through the bank. The bucket- 
wheel excavator, in conjunction with a con- 
veyor system is finding favor where mate- 
rial to be stripped is relatively soft and 
needs to be transported long distances. Use 
of bucket-wheel excavators for reclaiming 
stockpiled material such as iron ore is also 
increasing. However, where flexibility is 
needed, truck transport is still the preferred 
method. 

In the processing sector, computer control 
is becoming more common. Advantages 
cited include better recoveries, increased 
throughput, and improved grade. Use of 
autogenous grinding and high-intensity 
magnetic separation is increasing. Plant 
design trends for processing equipment are 
toward larger machines owing to reduced 
total capital outlays for equipment, foun- 
dations, buildings, piping, and instrument- 
ation. 

The Bureau of Mines continued its pilot 
plant research of Western Mesabi Range 
nonmagnetic taconites, using processes 
such as reduction roasting, high-intensity 
magnetic separation, selective flocculation, 
desliming, and cationic flotation. From a 
34% iron feed, a concentrate containing 
63% iron, and less than 5.5% silica was 
produced with an iron recovery of about 
15%. The results obtained indicate that 
these taconites may be a future source of 
iron ore on the Mesabi Range. Investi- 
gations by the Bureau of Mines were also 
continuing on the use of various coals as 
substitutes for gas or oil for pellet indura- 
tion. 

Mineral processing will be faced with 
greater restraints on water pollution and 
noise pollution in the future. Many plants 
are installing water treatment facilities. To 
comply with the maximum daily noise emis- 
sion levels as recommended by the U.S. 
Mining Enforcement and Safety Adminis- 
tration, rubber liners in grinding mills and 
rubber screen cloths on screens will be used. 
In addition dumps and mined out areas will 
be reclaimed for industrial or residential 
development. 

Magnitude of the Mining Industry.—The 
number of metal and nonmetal mines in- 
creased from 15,014 in 1975 to 15,279 in 
1976; of the 265 additional mines, 15, were 
metal and 250 were nonmetal. 

In 1976, the number of mines that pro- 
duced more than 10 million tons of crude 
ore totaled 25, the same as in 1975. The 
increase of one mine in the metal mines 
category was offset by the decrease by one 
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in the number of nonmetal mines. The 
principal commodities produced in these 
mines were copper (10 mines), and gold (5), 
phosphate rock (5), and sand and gravel (2). 

Crude ore output in 1976 totaled 2.7 
billion tons, an increase of 5% compared 
with that of 1975. Total material handled 
was 4.4 billion tons, an increase of 596 
compared with that of 1975. 

Output of crude ore from the 25 leading 
metal mines totaled 437 million short tons, 
an increase of 8.4% compared with that of 
1975. Output of crude ore from the 25 
leading nonmetal mines totaled 200 million 
short tons, a decrease of 5.7% compared 
with that of 1975. 

The Minntac iron ore mine of the United 
States Steel Corp., the Erie Commercial 
iron ore mine of Pickands Mather & Co., 
and the Sierrita copper mine of Duval 
Sierrita Corp. headed the list of metal 
mines in output of crude ore. Three phos- 
phate mines—Swift Creek mine of the Occi- 
dental Chemical Corp. and the Kingsford 
and Noralyn mines of the International 
Minerals & Chemical Corp.—were the lead- 
ing producers of crude nonmetal ore. 

The Utah Copper mine of Kennecott Cop- 
per Corp. regained its position as the lead- 
ing metal mine in total material handled, 
followed by the Tyrone mine of Phelps 
Dodge Corp. The Kingsford and Noralyn 
phosphate mines, both owned by Interna- 
tional Minerals & Chemical Corp., were the 
leading nonmetal mines in total material 
handled. 

The 25 leading metal mines handled a 
total of 1,263 million short tons of material 
in 1976, an increase of 3.5% over that of 
1975. The 25 leading nonmetal mines han- 
dled a total of 432 million short tons of 
material in 1976, an increase of 6.396 over 
that of 1976. 

In metal mining, copper mines (14) and 
iron ore mines (9) made up the majority of 
the 25 leading producers of crude ore, while 
phosphate rock (14) and stone (9) operations 
comprised the majority of the 25 largest 
nonmetal crude ore producers. Copper 
mines (14), iron ore mines (5), and uranium 
mines (4), comprised the majority of the 25 
leading metal mines in terms of material 
handled. Phosphate (18) and stone (4) made 
up the majority of the 25 leading nonmetal 
mines in total material handled. 

Crude ore production of 21 States came 
entirely from surface mines. 

Materials Handled.—The U.S. mineral- 
producing industry, excluding fuels, han- 
dled 4.4 billion tons of crude ore and waste 
in 1976, an increase of 596 compared with 
that of 1975. Of the total material handled, 


τὸ 


crude ore comprised 62%. In 1976, materials 
handled increased 120 million tons for met- 
al and 100 million tons for nonmetal mines, 
confpared with those of 1975. The largest 
increase in metals occurred in uranium 
mining; in nonmetal mining, the larg- 
est increase was in sand and gravel. 

The amount of waste handled in 1976 
totaled 1,660 million tons, a 660 increase 
compared with that of 1975. This compares 
with 1,011 million tons of waste handled in 
1966 and 1,410 million tons handled in 1970, 

Crude ore output at metal mines increas- 
ed 6% in 1976 over that of 1975; in nonmet- 
al mines crude ore output increased 5%. 

Copper, iron ore, uranium, and titanium 
mines accounted for 89% of the crude ore 
produced and 93% of the total material 
handled in metal mining. Phosphate rock, 
sand and gravel, and crushed stone oper- 
ations accounted for 9460 of the crude ore 
produced and 9296 of the total materials 
handled in the nonmetals sector. 

In 1976, more than 10 million tons of 
material was handled in each of 10 States, 
compared with 11 States in 1975. Arizona 
was the leading State followed by Florida 
and Minnesota. These three States handled 
31% of the U.S. total, and were also the 
leaders in total crude ore produced. 

Value of Principal Mineral Products.— 
The values shown in table 4 represent crude 
ore treated or, in the case of some nonmet- 
als, crude ore shipped. 

The average value for all commodities 
increased 8% compared with that of 1975. 
Of the metal commodities, approximately 
55% showed an increase in value and the 
average value increased 11%. The metal 
commodities showing the greatest increases 
were mercury, gold, bauxite, and uranium 
with silver showing the greatest decrease. 
For the nonmetal commodities, 78% showed 
an increase in average value. The overall 
average value of the nonmetals increased 
5% compared with that of 1975. Among the 
nonmetals, mica, barite, and feldspar show- 
ed the largest increases in average value, 
with diatomite showing the largest de- 
crease. 

Byproducts were responsible for increas- 
ing the average value of all but three of the 
metal mine products and all but eight of the 
nonmetal products, as shown in table 4. The 
largest additions to average values by by- 
products occurred in ores of lead (36%), 
bauxite (57%), silver (19%), zinc (18%), 
feldspar (37%), fluorspar (14%), and salt 
(16%). 

In the metal commodities, byproduct val- 
ues accounted for 17% of the total for 
underground mines while in the surface 
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mines they accounted for 696 of the average 
value. In the nonmetal minerals, bypro- 
ducts from both surface and underground 
mining contributed about 1% to the average 
value. 

Excluding stone and sand and gravel, 
average value for nonmetals was 7% higher 
in 1976 than in 1975, and, for metals and 
nonmetals combined, the average value was 
1096 higher. 

Ratio of Treated to  Marketable 
Product.—The number of tons of crude ore 
treated to obtain a unit of marketable 
product in the metals, varied from a high of 
737 for uranium to a low of 0.2 for silver. 
For most nonmetals, the ratio is generally 
1:1. As the higher grade ores approach 
depletion, the ratio increases. When mining 
by underground methods, it is essential to 
keep the ratio as low as possible to maintain 
minimum costs. In surface mining, the low- 
est possible ratio is also desirable; how- 
ever, it is not usually as critical as in 
underground mining, because labor costs, 
material-handling costs, and production 
costs escalate much more rapidly in under- 
ground mining than in surface mining. 

Comparison of Production From Sur- 
face and Underground Mines.—As in pre- 
vious years, there was little change in the 
percentages of crude ore mined and total 
material handled by surface and under- 
ground mines. In 1976, surface mines 
accounted for 9496 of the crude ore produc- 
ed and 96% of the total material handled, 
the same as in 1975. Crude ore production 
and total material handled at surface metal 
mines in 1967 accounted for 88% and 93% 
of the respective aggregate totals; in 1976, 
they accounted for 8996 of the total crude 
ore produced and 9596 of the total material 
handled. 

Crude iron ore (25%) and copper ore 
(5196) accounted for more than 75% of the 
crude ore produced and total material 
handled by metal mines in 1976. 

In the nonmetals sector, surface mines 
accounted for 96% of the crude ore produc- 
ed and 96% of the total material handled. 
Phosphate rock (17%) sand and gravel 
(86%), and crushed and broken stone (89%), 
accounted for more than 9096 of all crude 
ore produced and material handled in 1976. 

Crude ore production of 10 metals and 22 
nonmetals came entirely from surface 
mines. Underground mines accounted for 
all production of primary lead, potassium 
salts, and sodium carbonate. 

Exploration and Development.— 
Development footage increased 1496 while 
exploration footage decreased 41% in 1976, 
compared with that of 1975. Metal mine 
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exploration work decreased 44% while 
nonmetal exploration work increased 57%. 

Metal mining accounted for 65% of the 
development footage and 94% of the explor- 
ation footage. The major portion of the 
metals development footage was in ura- 
nium, copper, and zinc, accounting for 71% 
of the total metals development footage. 
The majority of the nonmetals footage was 
in phosphate rock and fluorspar ores. 

Exploration drilling and trenching for 
uranium, gold, and copper accounted for 
90% of the metals exploration footage. Dril- 
ling and trenching for phosphate rock and 
fluorspar accounted for 72% of the total 
nonmetals exploration footage. 

South Dakota, Wyoming, New Mexico, 
and Colorado all had over 1 million feet of 
combined development and exploration 
activity during 1976. Of the total combined 
footage of 14.5 million feet, the percentages 
were: South Dakota, 24%; Wyoming, 20%; 
New Mexico, 18%; and Colorado 11%. Utah, 
Missouri, and Montana also had consider- 
able exploration and development footage. 

Of the 2.58 million short tons of develop- 
ment material produced, 95% came from 
stripping. Of this total, Wyoming (400%), 
New Mexico (22%), and Texas (18%) ac- 
counted for most of the material handled. 
Stripping to uncover uranium, copper, and 
iron ore produced most of the metals de- 
velopment material; while phosphate rock 
and gypsum accounted for most of the 
nonmetallic minerals tonnage. Wyoming 
had the most footage for drifting, cross- 
cutting, and tunneling development, and 
Utah had the most raising, and shaft- and 
winze-sinking development footage. 

Explosives.—Continuing the trend of re- 
cent years, the apparent U.S. consumption 
of industrial explosives in 1976 increased 
7% compared with that of 1975 to a total of 


3,329 million pounds. Coal mining consum- 


ed 54% of the total industrial explosives 
and blasting agents; metal mining and 
quarrying each consumed 15%. The remain- 
ing 16% was consumed in construction and 
exploration. 

Coal mining continued to be the leading 
consumer of permissible explosives (97% of 
the total), cylindrically packaged blasting 
agents (80%), and other processed blasting 
agents and unprocessed ammonium nitrate 
(72%). As in previous years, the leading 
consumer of high explosives was quarrying 
(53%), and the leading consumer of water 
gels and slurries was metal mining (66%). 
Of the 2.78 million pounds of explosives 
consumed by the minerals industry, coal 
mining consumed 65%; metal and nonmetal 
mining consumed 17%, and quarrying, 
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18%. Each type of mining increased its 
usage of explosives. The leading consumers 
of explosives in coal mining by State contin- 
ued to be Kentucky, Pennsylvania, and 
Alabama, accounting for 57% of the total. 
Arizona and Minnesota were the leaders in 
metal mining (53%), and Pennsylvania, IIli- 
nois, and Ohio accounted for 22% of the 
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explosives used in quarrying. 

More detailed explosives information 
may be found in the Annual Explosive issue 
of Mineral Industry Surveys, prepared by 
the Division of Nonmetallic Minerals, Mine- 
rals Supply/Demand Analysis, Bureau of 

es. 


Table 1 .—Material handled at surface and underground mines in the 


United States, by type 
(Million short tons) 
Surface Underground All mines! 
Type and year Crude Crud 
1 e 1 Crude 
Posi Waste Total are Waste Total are Waste Total 

Metals: 
1960 ______ 836 508 844 86 8 94 421 516 938 
19111 840 415 155 83 7 91 423 422 846 
19622 .. 846 434 780 76 7 83 422 441 863 
1968 ______ 854 463 817 76 7 83 430 410 900 
1964 ______ 876 455 830 83 7 90 458 462 920 
198858 390 505 895 87 6 94 477 511 989 
19688 412 634 1,050 88 7 95 500 641 1,140 
1900 ______ 853 619 972 74 7 81 427 626 1,060 
1968 ______ 402 717 1,120 79 18 92 481 130 1,210 
1969 ______ 455 941 1,400 85 18 98 540 954 1,490 
1970 499 968 1,470 87 7 94 586 975 1,560 
1971 ___ 480 1,020 1,500 80 6 86 560 1,020 1,580 
1972 491 1.080 1.570 86 5 91 576 1, 080 1, 660 
1978 ______ 574 1,280 1,860 82 9 91 655 1,290 1,950 
1974 ______ 547 1,210 1,760 80 11 91 627 1,220 1,850 
1975 ______ 535 1,170 1,700 74 19 87 609 1,180 1,790 
1916 — 578 1,250 1,820 78 15 87 646 1, 1,910 

Nonmetals: 
19600 1.550 236 1,790 51 1 58 1,610 236 1,850 
1961 __ 1,590 188 1,780 65 1 66 1,660 190 1,850 
1962 ______ 1,590 224 1,810 62 1 63 1,650 225 1,880 
1968 ______ 1,640 261 1,900 67 2 69 1,710 263 1,970 
1964 1.740 277 2,010 69 2 71 1,800 219 2,080 
1965 _ — 1,850 296 2,140 78 8 81 1,930 299 2,220 
19868 1,930 868 2,300 77 2 79 2,010 870 2,980 
1967 ______ 1,910 899 2,310 78 8 81 1,990 402 2,890 
196888 1,870 418 2,280 78 8 81 1,950 416 2,960 
1969 ______ 2,000 875 2,380 80 2 82 2,080 877 2,460 
1970 ______ 2,010 431 2,440 80 4 84 2,090 435 2,530 
197111 1,980 442 2,420 78 5 78 2,050 447 2,500 
1972 __ 2,020 415 2,430 ΤΊ 5 82 2,100 420 2,520 
1978 .....- 2,240 418 2,650 82 1 2,320 419 2,140 
1974 2,220 418 2, 640 82 5 87 2,300 423 2,720 
1975 1.910 372 2,290 79 6 84 1,990 378 2,310 
1978 2,000 393 2,890 80 6 86 2,080 899 2,480 

Total metals and 

nonmetals:! 

1960 ______ 1,890 144 2,630 143 9 152 2,080 158 2,780 
1911 1,930 603 2,540 148 9 156 2, 080 612 2, 690 
1962 ______ 1,940 658 2,590 138 8 146 2,070 666 2,740 
1968 ______ 1,990 124 2,720 142 9 152 2,140 184 2,870 
1964 .....- 2,110 731 2,840 152 9 161 2,260 740 8,000 
1965 ______ 2,240 801 3,040 165 9 175 2,400 810 8,210 
1966 ______ 2,840 1,000 8,840 165 9 174 2,510 1,010 3,520 
1967 2,260 1,020 3,280 152 10 162 2410 1,080 ,440 
1968 ______ 2,210 1,130 3,400 157 16 173 2,430 1,150 8,580 
1969 ______ 2,460 1,320 8,770 165 15 180 2,620 1,830 3,950 
1970 2,510 1,400 3,910 167 11 178 2, 680 1,410 4, 090 
911 2,460 1,460 ,920 153 11 164 2610 1,470 4,080 
1972 2,500 1,500 163 10 178 2,670 1,510 4,180 
1978 2,810 1,700 4,510 163 11 174 2910 1,710 4,680 
1974 ....-- 2,160 1,630 390 162 16 178 2,930 1, 650 4,570 
175 2,450 1,540 8,990 153 18 171 2,600 1,560 4,160 
1976 ....-- 2,570 1,640 4,210 158 21 174 2,720 1,660 4,390 


Data may not add to totals shown because of independent rounding. 
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Table 5.—Crude ore and total material handled at surface and — mines 
in 1976, by commodity 


(Percent) 
Crude ore Total material 
Commodity Sur- Under- Sur- Under- 
face ground face ground 
METALS 
, p 2.0 98.0 5.5 94.5 
cll Mee ee m m IM M 1100.0 W 1100.0 W 
Beryllium i ο y ĩð 8 100.0 - 100.0 -- 
Cop Jö ασια οσα ο 8 91.1 8.9 97.3 2.7 
Gold: 
;ö;Üĩ³˙.. σαν 49.9 56.1 88.5 11.5 
]]] eise Ed 100.0 M 100.0 τα 
Iron orte 96.1 3.9 97.7 2.3 
LANE ee mou Mem Du e uu KD 100.0 .1 99.9 
Manganiferous ore 100.0 m 100.0 m 
MeICUIy 222 2c2edeuiteuencee 88 98.5 1.5 99.8 2 
Μο 7 ο ο a σωστο σος κο S 58.7 41.3 76.0 24.0 
Μα ο Mise" 100.0 Su 100.0 = 
Platinum-group metals ___ ' 100.0 Σο 100.0 XM 
metals _____________________ l 100.0 = 100.0 FN 
Biver — ο εσας ο ρώσος κας 56.0 44.0 55.1 44.9 
Tin. ο c ο 2 ⁰˙w .. E EE 100.0 EY 100.0 EUN 
esc ο ο ο 122 378 18 913 
a ο ει κ ο ³⁰- το dI Y ] i 
εαυτο S τς = κο a EE ee 50.8 49.2 96.9 8.1 
Vanadium _________________ s s l S M 100.0 3 100.0 EM 
Ze e: o uo Ae dd y MN td e 7 99.3 9 99.1 
Total metals ______________________ 88.7 11.8 95.4 4.6 
NONMETALS 
Abrasive storrrr]!!!]nh)n)n)hnh)uhl 100.0 ΚΡ 100.0 ἐξα, 
C111§öÄd z mt e 100.0 zo 100.0 NA 
7 ð 0 E E 1100.0 W 1100.0 W 
ü ⁵³˙¹¹ ⅛˙.wrr RE 1100.0 W 1100.0 W 
Boron minerals ..........-.------------------------------- 100.0 us 100.0 NES 
0ööüö0ꝗ06—oũt„ 8 98.6 1.4 98.6 1.4 
Dato 8! 100.0 SE 100.0 ΗΕ 
by το ως ee 100.0 100.0 is 
, ees HE TZ. ee 1100.0 W 1100.0 W 
jl. o MENORES 4.0 96.0 4.4 95.6 
OO eS EHE we ee eee ee 100.0 EUM 100.0 pie 
Graphite oe ee Se eee ea 100.0 E 100.0 siu 
j DDR EO ER 100.0 100.0 TE 
Iro rod pigments (c crude ) FF 100.0 τ. 1000 pisi 
n ts (crude) a ο ωρών ια: ; — : ἘΠ 
= με" JJ! E 8 100.0 "et 100.0 me 
Lithium minerals ..........-------------------------------------- 100.0 ας 100.0 κος 
; ³Ü¹¹w ͤ y E 100.0 hs 100.0 eee 
Mica (serap) _ ee 88 100.0 X 100.0 ms 
I!! ³ðVtß» ç 100.0 κ“ 100.0 en 
Olivine: ο ee ο κα ο AA ema eee uem 100.0 e 100.0 e 
Perlite: ß caet S 1100 0 W 1100.0 W 
Phosphate rock ....----------------------------------------- 100.0 W 100.0 W 
Potassium salt ΒΕ 100.0 μα 100.0 
pH pu 100.0 en 100.0 MES 
Ree SS yd ͤ οτε δε ος ως. 2.8 97.2 3.0 97.0 
Sand and gravel ............----------------------------------- 100.0 bog, 100.0 EN 
Sociu rte (natural)) = 100.0 — 100.0 
ne: 
Crushed and brokeee nnd 96.2 9.8 90.2 9.8 
Tale eee CVVT 920 80 97 23 
808 e, t REPRE κ οσα 1 N 
Tripoli ......- οἱ κκ AP a PPE WAY 8 46.6 53.4 50.9 49.1 
Vermiculite |... -------------------------------- 100.0 Z< 100.0 NN 
Wollaston ite EN 100.0 ἘΝ 100.0 
Total nonmetals .............--.-----------.-----.---. 96.1 8.9 96.3 8.7 
Grand totaalAll 94.4 5.6 95.9 4.1 


W Withheld to avoid disclosing individual company confidential data; included with “Surface.” 
1Includes underground; the Bureau of Mines is not at liberty to publish separately. 
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Table 6.—Crude ore and total material handled at surface and underground 


mines in 1976, by State 
(Percent) 
Crude ore Total material 
State Sur- Under- Sur- Under- 
face ground face ground 

Alabama 1100 w 1100 
„ p μωρο 100 E 100 NN 
JJ%//))0õͤõĩ.Ä⁰¹Ü εκ S a 91 9 97 8 
r p vesc enis 99 1 99 1 
f ³˙·˙ꝛ ))); é 99 1 99 1 
e e Ad ue eee uei pu 69 31 72 28 
Connectiſuhuuſkb L LL L2 2222 100 EN 100 = 
Delaware __ numen AA 8 100 "3 100 ene 
Florida s oo ⁰ eme 100 um 100 ΠΒ 
; μα ο OPERADOR 98 2 98 2 
CJ ocn ducere ee 100 mc 100 zs 
Idaho πο μας ee E LL 90 10 96 4 
een; e “μμ... 97 3 97 3 
Jndiagng J . 2 eie ee 98 2 98 2 
;ööͥõ r ⁵ ³dſdddꝓdǴãſÿ.iw 88 98 2 98 2 
κωμικών km 8 91 9 91 9 
Kentucky ο ͤ A—T—F—T——T——WA—B—V—FV ας ος mede 83 17 88 17 
QT) — ——————ÁÁ— Mà 83 17 88 17 
Mae — ui eL LA LL eh s 1100 W 1100 W 
Maryland: Ml 1100 W 1100 W 
Massachuseteett -.-.-. -.-. -..-- --. -. 100 e 100 e 
IAM uu nlt ισπ et ee 95 5 96 4 
Minnesota 2 23 ð emm 100 Lx 100 e 
Mississippi 2352-5 os 22 Uinc 100 UM 100 PNE 
)))JJJͤõãĩↄðW m ³ðV5! ᷣͤ yy y La ym ee ae 73 27 71 29 
S ·i ο E ⁵⁵ 88 99 1 99 1 
P o²oð¾W ee 1100 W 1100 W 
New Hampehirtr—ᷣ— 100 100 : 
ew Hampshire —___________________---_ on E 
New Jersey 222 eo _ _ ð . eee 99 1 99 1 
New Mexico .............. -.-.-..-.-. -.-- „„ 71 29 92 8 
New York |. μμ ο ποια αμ 92 8 92 8 
North Carolina —__ ~~~ ~_____ ------------------------- 100 a 100 ΠΗ 
North Dakota ...............-.- ------------------.------.------ 100 >: 100 T 
7;ö§; ] ])4fGG μα ee ee 95 5 95 5 

7); K E 97 3 97 
Jh ³o·¹¹ y ĩðͤ 8 100 = = 100 es 

Pennsylvania —...._...-~-~~--~~---------- 93 7 98 
Rhode Island __ _ _ d éêB „ 100 es 100 ΗΝ 

South Carolina ............-.--------------.----.-.------ 100 100 
South Dakocechcech ~~ „4 „ 86 1 85 15 
Tennessee k „„ 89 11 89 11 
γι μμ ð² ũꝙ ] mꝙ ... μαμα ωώωα να 100 P 100 M 
;(! ꝗ .ſ05..!!!k y 97 3 98 2 
8 οκ οσο ασ μη ων A0 y E : 
West Virgin ο ο s ieee 83 17 δ 17 

, So Z u u meme 

p ˙Ü ]] eo ee Diei eee 1100 W 1100 W 
Wyoming uz D 64 86 91 9 
Total. n οι ος νεα e e E 94 6 96 4 


W Withheld to avoid disclosing individual company confidential data; included with "Surface." 
1Includes underground; the Bureau of Mines is not at liberty to publish separately. 
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Table 7.—Number of amen metal and nonmetal mines in 1976, by commodity 
and magnitude of crude ore production! 


Total Less 1,000 10,000 100,000 1,000,000 More 
Commodity number than to to to to than 
of 1,000 10,000 100,000 1,000,000 10,000,000 10,000,000 
mines tons tons tons tons tons tons 
ALS 
VVV 46 1 E : 1 21 15 
Jö ͤ K οκ en 
Gold: 
Lode_ ³ __ 51 84 5 7 4 1 ΕΠ 
FCC AA 87 14 10 9 2 2 εν 
Iron ore 65 Sa 8 10 19 23 5 
E E EE EE nee ee 37 18 5 2 7 5 TEM 
Mercurrr dn 6 2 3 1 m ncs Renee 
Silver ..............-.-......-.-........ 63 41 11 8 8 κε nor 
Titanium, ilmenite ________ _ 7 is = on 1 6 e 
«ncs o as 43 84 6 2 1 Bue ΝΕ 
Uranium 212 39 89 62 21 1 c 
7 A 0 2 ο ο TCR AN τας 2 7 21 1 cr 
Other? ________________ 13 1 1 3 5 1 2 
Total metaass 624 188 141 120 97 61 17 
NONMETALS 
Abrasives 14 2 6 5 1 d ze 
3 EPP ENS 4 =S 1 ΜΉΝ 2 1 23: 
7 ο ο ο ας ο ον qne ce 87 es 12 24 1 E E 
Boron minerals 2 en E ES 1 1 aon 
VB a ae α 1,182 58 306 636 182 UN "a 
Diatomite . _ _ - 14 1 6 5 2 ees ae 
Feldspar ........- --.- ------------- 25 2 10 7 6 E Ei 
Fluorspar ......... _ 8 e 3 3 2 ἜΤ us 
EI 22 a 68 1 7 20 40 -- ME 
ca (scrap) ___ _ _- 13 ] δ 4 3 on E 
rite ĩͤ 12 ES 5 5 2 = το 
Phosphate rock ...... -. -.-...-..... δ] 2 7 6 15 16 5 
ium salt 9 JX --- E 4 5 p 
Pumice . _ --— 192 11 108 0 8 ἘΠῊΝ es 
A es 19 -- 2 2 6 9 EM 
Sand and gravel... _ _ _ ------- -- 7,599 190 1,406 8,889 2,108 59 2 
Sodium carbonate (natural) - - - - 4 es “8 ues 1 8 αι 
tone: 
Crushed and broken 4,950 511 142 1,819 1,746 191 1 
Dimension 431 215 183 33 FM EN es 
Talc, η. pyrophyllite _ _ _ 40 4 16 18 2 SN "A 
Other ________________ 81 10 3 11 6 1 m 
Total nonmetalss 14,655 1,008 2,823 6,507 4,083 226 8 
Grand total 15,279 1,196 2,964 6,627 4,180 287 25 


IExcludes wells, ponds, or pumping operations. 
Antimony, beryllium, manganiferous ore, molybdenum, nickel, platinum-group metals, rare-earth metals, and 


? Abrasive stone, emery, garnet, and tripoli. 
*Aplite, graphite, nsand marl, iron oxide pigments (crude), kyanite, lithium minerals, magnesite, millstones, 
olivine, tu bemill linee. vermiculite: and wollastonite. 
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Table 8.—Twenty-five leading metal and nonmetal! mines in the United States 
in 1976, in order of output of crude ore 


Mine State Operator Commodity anng 
METALS 
Minntac _________ Minnesota .... United States Steel Corp... lron ore n pit. 
Erie Commercial MN NOS Pickands Mather & (ko 3 * 
Sier rita Arizona Duval Sierrita Corp Copper Do 
Peter Mitchell! Minnesota . . _ Reserve Mining Co Iron ore Do 
Copper Utah _______- Kennecott Copper Cor Copper Do 
pire cs Michigan Cleveland Iron Co lron ore Do 
Pima __ ανω ina .....- rus Mining Copper DS Do 
Morenci i cdd ecc Ips Cord eiie Do. 
Climax __________ Colorado Climax Molybdenum Co., Molybdenum Caving and 
a division of open pit. 
Be keley Pit Montan he Anan da Co Co Ope 
r ind (— τω ontana ..... e n mpany _ _ _ pper n pit. 
3 New Mexico Phelps Dodge Corp __  ... do... Do. 
Pinto Valle 555 Arizona Cities Service Coo ze, ___ Do. 
Manuel FFF Magma Copper Co ---ᾱο-.....: ing. 
Twin Buttes _______ 7 Anamax Mining Co _ _ _ _ _ _ me do o Open pit 
Questa New Mexico Molybdenum Corp. Molybdenum 
of America. 
Tilden ----------- Michigan ..... Cleveland-Cliffs Iron Co |... lron ore Do 
Metcalf _______-__- Arizona Phelps Dodge Corr Copper Do 
Ray Pitu u ee, mE, PETI Kennecott Copper ___-do____ Do 
rp 
New Cornelia ae: cce Phelps Cord e Do 
Republic Michigan Cleveland iffs [ron Co... lron ore Do. 
Thunderbird dd Minnesota Oglebay Koron e Co. oe NEUE," να Do. 
Butler Project 3 Hanna Mining Co ο κ 2 S Ρο. 
Eagle Mountain California Kaiser Steel Cord 2-209. __ _ Do 
Yerington ........- _ __ Nevada .....- The Anaconda Com __. Copper ... Do 
Inspiration Arizona .. _ _ _ Inspiration Consolidated ----doọo s. Do 
pper Corp. 
NONMETALS 
Swift Creek Florida Occidental Chemical Phosphate Open pit. 
Corp. rock. 
Kingsford sadi uim International Minerals & do Do 
Chemical Corp. 
Noralyn --------- ite MONO ad REM sas eis EET tet es": c ues: Do. 
Ft. Meade e us Mobil Oil Cor do Do. 
Calcite __________ Michigan United States Steel Corp... Stone Open quarry. 
Haynsworth ............. Florida American Cyanamid Cox Phosphate Open pit. 
roc 
Clear Spring EE. μα. International Minerals & ____do ___ Do 
emical Corp. 
Rockland --------- SIERE «n ecc United States Steel Corp: do Do. 
Payne Creek F πο. Oil o ο πας Do. 
Ft. Greens E, MEM ã ⁵⁵⁵md— S Lie es _ __ Do. 
Stoneport Michigan Pane Isle Corp d Stone Open q quarry. 
Thornton Illinois General ao Corp... do 
Nichols Florida Mobil Oil Cor Phosphate unn pit. 
rock. 
Bonny Lake RSEN. σσ W. R. Grace & co ------0 ..- Do. 
Feld Texas Texas ee Stone Co Stone Open quarry 
Lee Cree North Carolina Texasgulf Inc. ________ _ Phosphate Open pit. 
rock. 
Tenoroõee -..-. -. Florida Borden, Ine --..do ___ Do. 
Watsen 5 Swift Agricultural ___.do ..- Do. 
Chemicals Corp. 
Pennsuco oo xdg ene Maule Industries, Ine Stone rial 
Westvaco ________-_ Wyoming FMC Cor ium Artific 
carbonate. 
International New Mexico ήχο» Minerals & τος να ο stopes. 
ts. 
Alpena ....------------ - Michigan _ __ _ _ maron τη σα Stone Open quarry. 
Beckmann Texas McDonough Bros., Ine do Do. 
Cedarville . _ _ _ _ _ _ Michigan United States Steel Corp... doo Do. 
Peerless Missouri Missouri Lime Co e Open stopes. 


1Brines and materials from wells excepted. 
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Table 9.—Twenty-five leading metal and nonmetali mines in the United States 
in 1976, in order of output of total materials handled 
Mine State Operator Commodity ο. 
METALS 
Utah Copper Utah ________ Kennecott Co Corp --- Copper n pit. 
FFF New Mexico Phelps k - — o- Open 
Twin Buttes ______ _ izona ....... _ _ nena nin ΕΒ ----d0 _ _ _ Do. 
Sierrita ___.______ E Duval Sierrita rp 3 --.-do ..- Do. 
inntac _._______ esta ____ United States Steel Corp... lron ore Do. 
Mitchell Pfit = 2 MON ο ie Reserve Mining COo _ _ _ et AAO: sse Do. 
Berkeley Pitt Montana The Anaconda Company... Copper Do. 
ima Q ne ee 2 Arizona F wane Aa Do. 
Mund ο ωι..- PEE Doaa Cos Lo a Ὁ. — πι 
orenci __ _- rizona ______ ps Dodge Cord pper ; 
Pinto Valley i M) ec Cities Service Co ----ᾱο ..- Do. 
Eagle Mountain __ _ _ _ ifornia _ _ _ _ _ Kaiser Steel Corr Iron ore Do. 
ley Basin Wyoming Utah International Ine Uranium Do. 
Ray Pit ..-.------- Ίσοπ8 -....--- Kennecott Copper Οο.Ῥ _.. Copper Do. 
Metcalff 330 Phelps Dodge Corr c2 S Do. 
Jackpile-Paquate _ _ _ _ New Mexico The Anaconda Company... Uranium Do. 
pire __ -------- ichigan _ _ _ _ _ Cleveland-Cliffs Iron CO  Ironore ... Do. 
V Colorado Climax Molybdenum Co., Molybdenum Caving and 
a division of open pit. 
ighland Wyomi Exxon Corp. Urani Open pit. 
3 yoming g on Cor ranium n pi 
Chino FFC New Mexico Kennecott Copper Corr Copper Do. 
Sacaton ~.. -------- Arizona AS ARCO, Inne ä Do. 
Questa __________ New Mexico Molybdenum Corp. of Molybdenum Do. 
America. 
W Gas Hill! Wyoming gg Union Carbide Mining & Uranium Open stopes 
Metals Corp. 
Bagdad __________ Arizona Bagdad Copper Copper Open pit. 
New Cornelia nudo uc cuc Phelps Dodge Corp πω σα ος _ __ Do. 
NONMETALS 
i pd. L2 Florida International Minerals & Phosphate pit. 
Kingsfo ori niei ior Mis coon Open 
Noralyn ..........---- μεθ od % 8 e Do. 
Lee Creek North Carolina 555 553 a lO ocn c Do. 
Rockland orida .......---. United States Steel Corp... doo Do. 
5 „ μα: American i zin. Sirens προς Do. 
Clear Spring MNT. REPRE 6 --.-do _ _ _ Do. 
Swift Creek ..........--- ος μα ποσα Occidental Chemical Co. do Do. 
Ft. Meade 8 Mobil Oil Cor νο η Do. 
Bonny Lake CC W. R. Grace & co ος με Do. 
Nichols παω ως «στο Mobil Oil Cord RS E Do. 
Tampe Agricultural 3 Gardinier, Inc ..............-- -..-. „ Do. 
Operations 
Boron California U.S. Borax & Chemical Boron Do. 
Watson ---------- Florida Swift Agricultural Phosphate Do. 
rp. rock. 
Silver City .......-.΄---.- 5 2 cue it OO! ioe Do. 
cite o scc Michigan United States Steel Corp... Stone Open quarry 
Payne Creek Florida Continental Oil Co- . Open pit. 
roc 
Ft. Gren 3 7 3 MO bas Do. 
Conda __ - -.-. -.-. Idaho .....-- J. R. Simplot Co αμα ο ___ Do. 
Westvaccoo _ _ _ _ -. Wyoming CCorp------------ Sodium Artificial 
carbonate stopes. 
Wooley Valley - - - - _ _ Idaho ......- Stauffer Chemical Co Phosphate Open pit. 
roc 
Gay πο μμ μας T ρα „ J. R. Simplot Co cm ENS Un 
toneport chigan ~~ e Cor nee n quarry. 
Thornton 3 Illinois General Dynamics Corp ..... do Do. 
Lompoc - -.-. -.------ California Johns Mansville Corr Diatomite Open pit. 
Feld z mm Texas .....-- Texas Crushed Stone Co Stone Open quarry. 


1Brines and materials from wells excepted. 
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Table 12.—Mining methods used in open pit mining in 1976, by commodity 


(Percent) 
Total material handled 
Commodi Not preceded 
* drilling by Frilling 
and blasting blasting 
METALS 
Ali ⁵ðVw ⅛ð es SS 100 = 
EE oo oo . . MNA 91 9 
ο CRAP RESTO yt 8 92 8 
Gold: 
C˙ĩ˙y f κει ο LA 99 1 
| sd f. o.) BERNER EE Ses ea ος ος ο σι QUEEN S 100 
e lo c Lun m m . ets ees 87 13 
0 ] ꝙZ dd ο οκ CT δις 67 33 
Manganiferous ore 100 CEN 
Mercury ο ο ß ße ee E 7 98 
Molybdenum _______________________ ος ..... 100 TR 
Nickel ovn uc i ͥ u m 16 
Platinum-group metals ......................-.-.- -.-.-.-...--...-.... .. κ 100 
métal -casen aaa ³¹WAA mm ⁊ a 100 = 
/%ôö§;— 6. !!!!! 8 5 95 
J S 2 ο ος ⁵ .Q0ꝙ!᷑ md k E me 100 
Titanium, ilmen itte 5 95 
JJ! m ut ³ ο λος ĩðâv es Se 69 31 
eee v e, ⁊ ß eel E 41 59 
Ai, f . . m us 50 
ας ο κο ⁵« ð ß é. ο ον ne Spee 88 100 "P" 
NONMETALS 
Abrasive stone .................-.....-.-..-.-.-------.-.-.-----.-..-.-.-.-.-. 100 =. 
/ luu kou uuu s ο τω C νε. 23 77 
MD IO ο κα REOS ð y r- = 8 91 9 
J ³˙ . ³˙ uA] ος ο ͥ ο ώς 78 
Boron minerals ____________________________ 100 AM 
EN REP ER ⁵ðͤddddãdy0 μμ μον RON saam unata =a Le 100 
Diaet!!! ie ere E ee ees aan 100 
)) ee ee ος επ ee x Sims 100 = 
Feldspar ο ο ⅛˙¼ ↄ¼. ⁰ͤ⁰⁰⁰ mt . Cr oS eee 87 13 
FIUOPSDRE (oe eee d 83 17 
Garnet ου a ⁰ eee hee 
Graphite μμ ⅛ v0 ee ee ee 100 ae 
Greensand mar 222222222 MA 100 
ελ. ια πως πασοκ C LU u t 85 15 
Iron oxide pigments (crude)... ---. -- -- -- „ zr 100 
Kyanite BOBO SNR RON ος ³ ³ A 8 59 41 
Lithium mineralaaSssssss”«ssôsôsôasD n 18 SS 
/// ³⁵²i˙n.]..... y ⁊ ³⁰yd eae LE Em 
ee, ege ß DE eus 10 90 
Millstoneessss „ „„ 58 42 
(!(! ³⁰AAꝙͥÆ ͤ ³¹ AA 53 47 
Perlite μμ μμ uuu ος 8 8 92 
Phosphate TN Su NAR . as eg eee 12 
e ß d ieee eee 7 93 
Salts ³ Zc σακιά ο μία ⁰dy Se EE E 100 Kn 
Sand and βτανεῖ.........-..-- -- -- ---.-------------------------------------- ------ St? 100 
ne: 
Crushed and broken... -.-- -..- -.-------- -- -.- ---.------ 98 2 
Dimension ̃²ĩ˙ “˙n ⁰». ⁰0rtt dd νι ών νο z 100 
Talc, soapstone, |, pyrophyliite J. cede cu aus ⁵ 8 89 11 
Τι i μω EMT 100 ENS 
Mermiculiié — ip L S, mar asd LE E 100 Le 
1 ˙—it. LU Lut P re hc us 58 42 


‘Includes ο... or jeu ng without blasting, dredging, mechanical excavation and nonfloat washing, and other 
surface mining meth 
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Table 13.—Exploration and development activity in the United States in 1976, by method 


Metals Nonmetals Total? 
Method Percent Percent | Percent 
Feet of Feet of Feet of 
total? total? total? 

DEVELOPMENT 
Shaft and winze sinking ............-. -... 21,400 2.1 15,800 2.7 36,700 2.3 
Be ea ο ee CEN 144, 14.1 2,820 5 147,000 9.3 
Drifting, crosscutting, or tunneling _ _ _ 853,000 83.7 544,000 96.7 ,400, 88.8 
Total! 623 1,020,000 100.0 562,000 100.0 1,580,000 100.0 

EXPLORATION 
Diamond drilling 1,680,000 12.3 351,000 38.8 2,030,000 14.0 
urn drilling ; 8 me = 36,400 3 
Rotary rebar | ze pe ιο ο ee 7,710,000 56.6 540,000 59.7 8,250,000 56.8 
Percussion drilling 790, 000 27.8 5,820 6 8,800,000 26.1 
r drilling 2,000 2.5 8,880 .4 855,000 2.3 
Trenchin gg 62, 100 5 4.790 5 66,900 5 
% ³ ⁵ Se 18,600,000 100.0 905,000 100.0 — 14,500,000 100.0 
Grand total! ___________- 14,600,000 XX 1,470,000 XX 16,100,000 XX 

XX Not applicable. 


1Data may not add to totals shown because of independent rounding. 
3Based on unrounded footage. 
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Table 16. — Total material (ore and waste) produced by mine development 
in the United States in 1976, by commodity and State 
(Thousand short tons) 
and weh 
323 crosscutting, zn; 
wines Raising x ing Stripping Total?! 
sinking tunneling 
COMMODITY 
METALS 
r h npa 17 184 945 57,100 58,300 
vau. 
ZB cun Lu LLL σαν . 10 154 7,860 8,070 
7% u u t eec 252 Ec 414 414 
Iron ore ae 1 1,160 13,200 14,400 
e ο οσο e vu a sqa 4 13 1,610 10 I 
νο o S σος AR ee 1 25 79 859 464 
πο τν το HEU ED 1 4 295 1 
Uni os 117 96 1,440 144,000 145,000 
/Ai AAA u Tun in ce as a 409 296 1,850 66 2, 
Other? e oon svn lc = 34 546 223 
Total metals 620 699 8,090 223,000 232,000 
NONMETALS 
Fluorspar ____________________ ee 10 34 5 49 
MI enu e cr Ee e 8 E 3 8,680 8,690 
osphate rock ___ kk EMG 1 23 12,100 12,100 
Potassium salts |... -- --- 8 1 n 166 
Talc, soapstone, pyrophyllite . P 1 364 865 
πμ μμ ασ ν 3 (3) 4,660 78 4,145 
Total nonmetals! ___________ 6 15 4,890 21,200 26,100 
Grand total! ______________ 626 713 13,000 244,000 258,000 
STATE 
Alaska __ _ ee 8 NON m (2) 406 406 
Arizonnasasss -.-.-.. -..-. 1 180 122 1,730 2, 680 
Arkansas___ _ _ _ ----------------------------- mc -- = 1,37 1,370 
California -------------------- 3 6 169 2,050 2,220 
Colorado __ _ _ 7 69 814 11 901 
ο Du ο rt ει A 11 28 194 12,400 12,700 
Illinois ..........---------------------------------- MN 10 34 5 
ôö§Ü——o ο Εκδ ο eeu E c cies το. — W W 
Malne U vt] AAA 88 EN ME 61 -- 61 
»»»Hiiii„ 8 ATE 115 618 
Minnesota sue E a 11,800 11,800 
e er eo ome ee ἘΝ 2 2,410 M 2,480 
Montana ........-.---- 2-- 3) 2 35 2 38 
JVàͤ SENIUM DR op 44 8 236 9,250 9,530 
New Mexico 93 37 1,140 55,500 56,800 
New York ___ s 9 108 16 183 
North inn k -- sg S W W 
GG‚‚ö;éê⁰uw. ] ð m mr 86 aus ας MN W W 
Oklahoma ___ _ -.--------------------- μα MA T: W W 
VVV a w W W W 
e jr i je E s. L L κα μας <= 
South Dakota ----------------- W W W E W 
Tennesse „„ 6 826 18 873 
αν ος κο t E EL PS = c 41,100 41,100 
E17! ⁰ w --- . 425 299 1,040 197 1,900 
Vua. ou c Sa W W W W 
Washington ο ο - - e 6 6 
Won!!! ος δούν ο a — W w 
Wyoming 10 11 4.810 98.200 103,000 
Undi %%„GFf 1 45 252 2.140 2, 440 
Total! Ü˙Ü AAA 626 718 13,000 244,000 258,000 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
Data may not add to totals shown because of independent rounding. 
Less than 1/2 unit. 
«Antimony, beryllium, manganiferous ore, molybdenum, tin, and titanium (ilmenite). 
“Asbestos, barite, garnet, mica (scrap), millstones, salt, sodium carbonate, and tripoli. 
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Table 17.—U.S. industrial consumption of explosives 


(Thousand pounds) 
mining mining nonmetal ral industry rial 
mining 
1922 886 1,212,585 430,686 493,677 2,136,948 532,841 2,669,789 
1979 nuc 1,177,062 495,879 643,292 2,316,233 488,718 2,154,946 
J974.. ͤ 1,186,614 465,490 551,380 2,203,484 558,806 2,162,290 
191b oe ete 1,652,251 449,271 493,125 2,594,647 524,380 3,119,027 
1916 nc 1,798,878 488,653 493,656 2,181,182 547,347 8,828,529 
Table 18.—U.S. consumption of explosives in the minerals industry 
(Thousand pounds) 
Year Coal Metal and Total 
mining mining nonmetal 
mining 
PERMISSIBLE EXPLOSIVES 
i «ασ ως d EE 99 865 48,196 
]9789 ese i ee 89,307 115 957 ,919 
CCC 88,892 192 1,237 89,761 
LUG %⅛˙·¹- my 8 41,996 241 1,083 820 
J!; cu Deas 41,123 204 1,090 42,417 
OTHER HIGH EXPLOSIVES 
1912 3s ee A 8 16,297 27,648 100, 44,545 
CJ 20, 198 28,295 07, 156,168 
1 — eee eie 26,801 27,738 99,364 158 
e ß 25,118 14,196 136,789 
ο S κος ne εως. 94,521 24 65, 124, 
CYLINDRICALLY PACKED BLASTING AGENTS 
19122 AAA 201,820 7,542 80,064 239,426 
]918 ες ος ο u ώ M 222,191 6,265 82,228 261,290 
1914 o ee ee 249,843 5,414 32,797 288,054 
7 ³1 8 286,608 4,845 28,561 820,004 
JJ EE 269,718 8,471 65,922 839,171 
PACKAGED AND BULK WATER GELS AND SLURRIES 

17§³ĩ us 9,212 156,618 41,305 207,185 
οι ee eee eee 11,622 8,530 54,154 

1914 TD E ρα 160,198 75,887 
T 24.118 181.809 78,872 279,799 
1918988 ¿L.L L Ἡ 205,429 14,116 810,476 

OTHER PROCESSED BLASTING AGENTS AND UNPROCESSED AMMONIUM NITRATE 
NOS ors a he ect Eu E 943,024 288,119 320,843 1,502,646 
μαι ως σκι 883,138 287,614 448,218 1,619,090 
aE EEP ꝶg cox 849,934 211,953 842,145 1,464,032 
177 er RE S= 1,262,654 237,258 314,823 1,814,785 
IJ; ( ee 1,422,580 255,284 286,577 1,964,441 
TOTAL EXPLOSIVES 

Ἱ uo ο EE A 2 na καςς 1,212,585 430,686 493,671 2,136,948 
1978 MONDE NC usus 1,177,062 495,879 643 2,316,233 
A ο ees E 1,186,614 ,490 551,380 2,208,484 
171 nal οσα. 1,652,251 449,271 493,125 2,594,647 


1916 se ος 1,798,873 488,653 493 656 21811180 


Statistical Summary 


By Staff, Office of Technical Data Services 


This chapter summarizes data on crude 
mineral production for the United States, 
its island possessions, and the Common- 
wealth of Puerto Rico. Included also are 
tables that show the principal mineral 
commodities exported from and imported 
into the United States and that compare 
world and U.S. mineral production. The 
detailed data from which these tables were 
derived are contained in the individual 
commodity chapters of volume I and in the 
State chapters of volume II of this edition of 
the Minerals Yearbook. 

Although crude mineral production may 
be measured at any of several stages of 
extraction and processing, the stage of 
measurement used in this chapter is what is 
normally termed “mine output." It usually 
refers to minerals or ores in the form in 
which they are first extracted from the 
ground, but customarily includes the pro- 


duction of auxiliary processing at or near 
the mines. 

Because of inadequacies in the statistics 
available, some series deviate from the fore- 
going definition. In the cases of gold, silver, 
copper, lead, zinc, and tin, the quantities 
are recorded on a mine basis (as the recover- 
able content of ore sold or treated). How- 
ever, the values assigned to these quantities 
are based on the average selling price of 
refined metal, not on the mine value. Mer- 
cury is measured as recovered metal and 
valued at the average New York price for 


the metal. 


The weight or volume units shown are 
those customarily used in the particular 
industries producing the commodities. 
Values shown are in current dollars, with 
no adjustment made to compensate for 
changes in the purchasing power of the 
dollar. 


Table 1.— Value of crude mineral production: 
in the United States, by mineral group 


(Million dollars) 
š Nonmetals 
Year p oi A Metals Total 
IBIA nox ο A A v NEEN 22,061 6,482 3,642 32,185 
17õÜ—Ü00 ð⅛” y ea n 25,012 7,413 4, 362 36,787 
1 K nens ĩ di a: 40,937 78,639 15,501 155,077 
1975522: SS ο ολο n ĩͤ A ne Ut iet 47,559 9,516 5,191 2,266 
1916 cnc e !...... τες 52,545 10,547 6, 69,178 


1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
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Table 3.—Minerals produced in the United States and principal producing 
States in 1976 
; Principal producing States, Other produci 
Mineral in order of quantity d ucing States 
παν ore and concen- Mont. and Idaho 
Aplite_ _ Va. 
8 Calif., Vt., Ariz., N. C 
Asphalt (native) Tex., Utah, „Mo 
/// nn Nev., Mo., SOR Len Idaho, Π]., Mont., Tenn. 
Βαυχίίο... ...............-. .. Ark., Ala., 
Beryllium concentrate Utah... ---- Ariz. and S. Dak. 
Boron minerals Calif. 
PPC Ark. and Mich. 
Calcium- chloride Mich. and Calif. 
Carbon dioxide (natural) __ N. Mex., Colo., Calif., Utah 
E 2 clc nc Calif., Tex., Ρα., Mich. Ala., Ariz., Ark., Colo., Fla., Ga., 
Hawaii, Idaho, III., Ind., Iowa, Kans., 
ur e Man e, Md., Mise., 
o., Mont., Nebr., Nev., N. Mexr., 
N.Y., N.C., Ohio, Okla. „ S.C., 
S. Dak., Tenn., Utah, Va. ash., 
W. Va., Wis., Wyo. 
Clays TTC Ga., Ohio, Tex, N. CCC. All other States except Alaska, R.I., Vt. 
ο To en Ky., W. Va., Pa., Il |... ...— Ala., Alaska, Ariz., Ark., Colo., Ga., 
Ind., Iowa, Kans., Md., Mo., Mont., 
N Nege N. Da Qu. Tein, 
9 a., » Wyo 
Copper (mine) Ariz., Utah, N. Mex., Mont Calif., Colas dabo, ine, 
e Mo., Nev., Pa., Tenn., 
Diatomite Calif., Nev., Was Kans. and Oreg. 
Feldspat: N. C., Conn., Ga., Calif. Ariz., Colo., Maine, Okla., S. Dak., 
Fluorsp ao III., Ky, Tex, Nev. _ __ Ariz., Mont., Utah. 
et, abrasive Idaho and N.Y. 
Gold (mine .........- S. Dak., Nev., Utah, Ari Alaska, Calif., Colo., Idaho, Mont., 
MM N. Mex., Oreg., Tenn., Wash. 
raphite .........-------.-..-. 
Gypsum ..................---- Mich., Calif, Tex, Iowa .....- Ariz., Ark., Colo., Idaho, Ind., Kans., 
, Mont., Nev., N. Mex., Ν.Υ., 
Ohio, Okla., S. Dak., Utah, Va., 
„ Wyo. 
Helium να Kans., Okla., renn Ariz. and N. Mex. 
Iodine___ _ _ _ _ _ .. E 
Iron ore Minn., Mich., Calif., W yo Ariz., Colo., Ga., Mo., Mont., 
Nev., N. V., Pa., S. Dak., Tex., 
Utah, Wis. 
Kyani te Va. and Ga. 
Lead (mine ..-.. -. -. Mo., Idaho, Colo., Utah . .... .. Alaska, Ariz., Calif., IIl., Maine, 
1 Nev., N. Mex., N. V., Okla., Va., Wash., 
is. 
Lime __ occ ee Ohio, Pa., Mo., Mich Ala., Ariz., Ark., Calif., Colo., Conn., 
Fla., Hawaii, Idaho, III., Ind., Iowa, 
Kans., Ky., La., Md., Mass., Minn., 
Miss., Mont., Nebr., Nev., N. J., 
N. Mex., N.Y., N. Dak., Okla., Oreg., 
S. Dak., Tenn., Tex., Utah, Va., Wash., 
W. Va., Wis., Wyo. 
Lithium minerals N .C., Nev., Calif. 
Magnesite ___________ ev. 
Magnesium chloride Tex. 
Magnesium compounds Mich, Calif., N.J., Fla Del., Miss., Tex., Utah 
Manganiferous ore Minn., N. Mex., S.C. 
iferous residuum .... N.. 
Marl, greensand _______ N.. 
ercurr  _ ~~~ ~~~ Nev. and Calif. 
ica, scrap __ N. C., Ala., N. Mex, a Ariz., Conn., Pa., S. C. 
Molybdenum -................-.-. Colo., Ariz., N. Mex., Utah _ _ _ _ _ Calif. and Nev. 
Natural gas Tex., La., Okla., N. Men Ala., Alaska, Ariz., Ark., Calif., Colo., 
Fla., Ill., Ind., Kans., Ky., Md., 
Mich., Miss., Mo., Mont., Nebr., 
N.Y., N. Dak., Ohio, Pa., Tenn., 
Utah, Va., W. Va., W 
Natural gas liquids _ _ _ _ _ _ Tex., La., Okla., N. Mex Ala., Alaska, Ark., Calif., Colo., Fla., 
Ill., Kans., Ky., Mich., „ Mont., 
Nebr., N. , Pa., S. Dak., Utah, 
Nia 88 W. Va., Wyo. 
ickel 222222255 : 
Olivine __ _ - -.-. Ν.Ο. and Wash. 
Pet... tect Mich., Ind., Pa. Dl ........- Calif., Colo., Fla., Ga., Iowa, Maine, 
Md., Mass., Minn., Mont., N.J., N.Y., 
N. Dak., Ohio, S.C., Wash., Wis. 
Perlite N. Mex., Ariz., Calif., Ido Colo. and Nev. 
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Table 3.—Minerals produced in the United States and principal producing 
States in 1976 —Continued 
Mineral 1 Other produeins States 
Petrol crude _______ Tex., La., Calif., Okla «|... Ala., Ariz., Ark., ο. Fla., 
— ἃ Mat tc Arty prio a 
Mo., Mont., Nebr., Nev., ex., 
N. V., N. Dak., Ohio, a., S. Dak., 
Tenn., Utah, Va., W. Va., Wyo 
Phosphate rock ________ Fla., Idaho, N.C., Ten- An: Calif., Mo., Mont., Utah, 
yo. 
Platinum-grou 
Potassium t 3 N. Mex., Utah, Calif. 
Pu mite , Ariz., Calif., N. Men 9 Idaho, Mont., Nev., 
Pyrites ore and trate. Tenn., Colo., Ariz. uec 
ore concen Ξ I 
ba concen- and Fla. 
Salt osa Se La., Tex., N. V., Ohio Ala., Ariz., Calif., Colo., Kans., Mich., 
Nev N. Mez., N. Dak., Okla., Utah, 
. Va. 
Sand and gravel... Calif., „Mich All other States. 
Silver (mine Idaho, Ariz., „Mont Alaka, Cae Ill, Maine, Mich., 
Mo., Nev., N. Mex., N.Y., S. Dak., 
Tenn., Utah, Va., Wash. 
ium (natural). Wyo. and Calif. 
Sodium sulfate (natural)... Calif., Tex., Utah. 
Staurolite ...........- --.. 
Stone Pa., III., Tex. Mo All other States except Del. and N. Dak. 
r pstone, pyrophyllite VC μπάλας T Ark., Calif., Ga., Nev., N.C., 
c, 808 pyro : ; C ev., 
Oreg., Va., Wash. 
TH ener Colo. and N. Mex. 
Titanium concentrate Fla., N.J., N.Y 
Tripol .......-.΄΄-----------. ΠΙ., Okla., Ark., Pa. 
Tungsten concentrate .. . Calif., Colo., Ney Aris, Idaho, Mont., Oreg., Utah, Wash. 
Uranium N. ΜαΣ., Wyo., Utah, Colo Tex. and Wash. 
Vanadium Ark., Colo., Idaho, Utah .....- N. Mex. 
Vermiculite Mont. and S.C. 
Zinc (mine) ^ 5 Mo. Tenn., N.Y., Colo Alaska, if., Idaho, III., Ky 
T Due USES Maine, Mont., Nev., N. J., N. Mex., Okla., 
Ρα., U , Wash., Wis. 
Zircon concentrate Fla. 
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Table 4.—Value of mineral production in the United States and 


principal minerals produced in 1976 


State Value Rank c US. Principal minerals, in order of value 
(thousands) total . 
Alabama $1,029,536 20 1.49 Coal, leum, cement, stone. 
Alaska 625, 188 23 90 ier eoi sand and gravel, natural gas, 
Arizona 1,726,621 10 2.50 Copper, mol um, sand and gravel, cement. 
Arkansas 535,448 25 77 Petroleum, bromine, natural gas, cement. 
California 9,488,878 4 5.04 5 natural gas, cement, sand and 
Colorado 1.110, 166 18 1.60 Petroleum, mol num, coal, natural gas. 
Connecticut $4,318 47 06 Stone, sand gravel, feldspar, lime. 
Delaware 11,837 50 (2) Sand and gravel, magnesium compounds, clays, 
gem stones. 
Floridwaa _- 1,652,232 11 2.39 Phosphate rock, petroleum, cement, stone. 
Georgia 428, 479 28 62 m stone, cement, sand and gravel. 
Hawaii 44 06 cement, sand and ave. 
Id ako 210,246 83 .30 Silver, phosphate rock, zinc, | 
Illinois 1,581,165 12 2.29 leum, ο. y and gravel. 
Indiana 821 24 88 Coal, cement, stone, petroleum. 
lowa _________ 216,027 82 31 Cement, stone, sand and gravel, coal. 
Kansas 1.213, 853 16 1.75 i natural gas, natural gas liquids, 
ne. 
Kentucky ..... 8,114,589 5 4. Εν. stone, natural gas. 
Louisiana 8, 652, 107 2 12.51 τος τσι natural gas, natural gas liquids, 
Maine 40,364 45 06 Hind an and gravel, cement, zinc, stone. 
Maryland .......... 184,918 86 27 Coal, stone, cement, and gravel. 
Massachusetts 69,850 43 10 Stone, and gravel, lime, clays. 
Michigan 1,548,516 18 223 Iron ore, petroleum, cement, natural gas 
Minnesota 1,218,030 15 176 Iron ore. stone, lime. 
Mississippi : 26 66 Pm nat gas, cement, sand and 
vel. 
Missouri 785, 160 21 1.13 Lead, cement, stone, iron ore. 
Montana 636,289 22 .92 Petroleum, coal, copper, cement. 
Nebraska 123, 365 89 .18 ο ο e t, sand hire stone. 
Nevada _______ 233,683 $1 94 Send and grave id. Vandi and gravel, 
New Hampshire 17,579 48 .08 l, stone, clays, gem MN 
New Jersey ...- 119,886 40 17 red anc del stone, zinc, titanium 
New Mexico 2,510,127 8 8.63 Petroleum, natural gas, copper, natural gas 
New Vork 427,964 29 62 Cement, stone, salt, sand and gravel. 
τῳ 203,339 34 29 Stone, phosphate rock, sand aadi gravel, lithium 
min ; 
North Dakota 244,105 80 35 n natural gas, natural 
gas è 
Ohio 1.435, 896 14 2.08 Coal. leum, lime, stone. 
Oklahoma 27 89, 974 T 4.08 piros n natural gas, natural gas liquids, 
ut nee 112, 41 .16 one, sand and gravel, cement nickel. 
Pennsylvania 8,041,186 6 4.40 cement, stone, 
Island - 6,400 49 01 Send and gravel, stone, τα stones. 
South Carolina 125,455 88 .18 Cement, stone, clays, sand and gravel. 
South Dakota 101,530 42 15 Gold, cement, stone, sand and gravel. 
Tennessee 439,714 27 64 Coal, stone, zinc, cement. 
Texas s 18.143, 204 1 26.23 Petroleum, natural gas, natural gas liquids, 
cemen 
Utah ......-- 1,043,981 19 1.51 Petroleum, copper, coal, urani 
Vermont 35, 46 05 Stone, asbestos, sand sand and grav eg talc. 
Virginia 1,160,645 17 1.68 Coal, stone, cement, lim 
Washi DNUS. 181.222 85 27 Cement, Na pe sand and | and gravel, stone. 
West Virginia 8,498,001 8 5.06 jm ee , natural 
Wisconsin ....- 132,453 37 .19 Ine lig and gravel, stone, iron ore, cement. 
Wyoming 1,851,599 9 2.68 Petroleum, sodium compounds, coal, natural 
gas. 
Total ... 659,178,000 .. 10000 
! Incomplete total. 


Less than 1/2 unit. 
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Table 5.—Value of mineral production per capita and per square mile in 1976, by State 


1976 Value of mineral production 
State (square tion Total Per square mile Per capita 

miles) (thou- (tou. —————— ——————- 
sands) sands) Dollars Rank Dollars Rank 
Alabama 1,609 8,665 $1,029,536 19,949 14 281 17 
Alaska ______________ 412 88 625,1 ; 1,637 5 
Arizona 113,909 1.726, 621 15,158 19 761 11 
Arkansas _____________ 58,104 2,109 535, 10,083 26 254 19 
California 158,693 21,520 3,483,378 21,950 12 162 26 
Colorado 04,241 1,110,166 10, 24 430 18 
Connecticſunlntrtr 5,009 8,117 ,918 6,851 31 11 48 
Delaware 2,057 11, 50 3 50 
Florida 58,560 8,421 1,652,232 28,214 196 22 
DENDO TEENS 58,876 4.910 428,479 7,218 80 86 82 
Hawai 6,450 42,252 j 32 48 88 
Idaho |... ~~ ____ 83,557 210,246 2,516 41 253 20 
Illinois 56,400 11,229 1,581,165 ,085 10 141 28 
Indiana .................- -. -.-. -. -. -.. 86,291 š 607,321 16,785 17 115 80 
IOWÀB o m 56,290 2,870 216,027 888 33 75 84 
73 EL Cc σέ. 2,310 1,213,853 14,755 20 525 12 
Kentucky 40, 395 428 8,114,589 11,108 8 909 8 
isiana ....------------ - 528 8,841 8,652,107 178,809 1 2,253 2 
Maine 83,215 1,070 40, 1,215 47 88 41 
Maryland ____________ 10,577 4,144 184,918 17,483 16 45 89 
Massachusetts 5,809 69, 8,459 29 12 47 
Michigan __ -... 58,216 9,104 1,548,516 26,514 11 110 24 
Minnesota __ _ _ _ 8,965 ,218, 14,489 21 807 16 
Mississippi FFF 47,716 449,862 , 21 191 23 
Missour- 44 69,686 4118 785,160 11 28 164 25 
Montana _____________ 147,188 753 636,289 4,824 85 845 10 
Nebraska a 17,227 1,563 123, 365 1,597 45 79 33 
evada ___ 110,540 610 233,683 2,114 43 383 14 
New Hampshire ________ 9,304 822 17,579 1,889 44 21 45 
New Jersey __________ _ 7 7,386 119, 886 15,299 18 16 46 
ew o te ER CM 121,666 1,168 2,510,127 20,631 18 2,149 8 
New York .............. 49,576 18,084 ,964 8,632 28 24 44 
North Carolina 586 5,469 208,339 9,861 37 87 42 
Dakota 10,665 643 244,105 8,454 89 880 15 
ο s oo Erud iE CS = 41,222 10,690 1,435,896 94, 7 184 29 
Oklahoma ____________ 69,919 2,766 2,789,974 89,903 6 1,008 7 
ο τα κ ο ας 96,981 2,829 112,566 1,161 48 48 87 
lvaniaaaa _ 45,333 11,862 8,041,186 67,085 5 256 18 
Rhode Island 1,214 6,400 ; 34 7 49 
South Carolina 81,055 2,848 125,455 4, 86 44 40 
South Dakota __________ 17,047 686 101,530 1,318 46 148 27 
Tennessee 42,244 4,214 439,714 10,409 25 104 81 
Texas __ v 267,338 12,487 18,143,204 ; 4 1,453 6 
«πας ο ώς κα 84,916 1,228 1,043,981 12,294 22 850 9 
Vermont _____________ 9, 416 85, : 88 74 85 
irginia ~_-___________ 40,817 5,032 1,160,645 28,435 8 231 21 
Washington 68,192 8,612 1 7 40 52 96 
West Virginia 24,181 1,821 8,498,001 144,659 2 1,921 4 
Wisconsin 56, 154 4,609 182,4 42 43 
Wyoming __ _ 97,914 390 1,851,599 18,910 15 4,148 1 
Total |. . |... 3,615,055 213,956 69,178,000 19,136 XX 323 XX 

XX Not applicable. 

1Incomplete total. 


5 Washington, D.C., with an area of 67 square miles and a population of 702,000 (which had no mineral 
production). 
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Table 7.—Mineral production! in the islands administered by the United States 
(Thousand short tons and thousand dollars) 


1973 1974 1975 1976 
Area and mineral ο ο ποστς Quan- 7... πμ Quan- "Qum v. 
tity Value poe Value tity Value tity Value 

American Samoa: 
Pumice ________________ 37 214 27 183 15 15 47 80 
Stone 63 152 50 122 84 147 80 156 
Total τς 8 XX 366 XX 305 XX 162 XX 186 
Guam: Stone 1,246 3,189 798 1,444 781 1,897 451 1,438 
Virgin Islands: Stone 664 2,860 638 3,869 253 1,818 279 2,050 

XX Not applicable. 


Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 


Table 8.—Mineral production! in the Commonwealth of Puerto Rico 
(Thousand short tons and thousand dollars) 


1973 1914 1915 1916 
. Eee — X IH - 

2 e Value ür Value ed Value mes Value 
cement 2062 41208 1881 70,277 1,582 60,968 1,558 66,150 
ay 464 473 332 341 
FFF 12 2.215 39 2.923 28 2.281 28 2.513 
Salt 99 99 624 27 27 
Sand and gravel . _ _ 7480 21248 NA NA NA NA NA NA 
Stone ... ---- 15,547 — 41857 14,362 41640 13,595 47,515 13404 41124 

Total. XX 107,571 XX 115.796 XX 111,793 XX 116,426 


NA Not available. W Withheld to avoid disclosing individual company confidential data. XX Not applicable. 
Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
Total does not include value of items withheld or not available. 
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Table 9.—U.S. exports of principal minerals and products 


1975 1976 
Mineral | Value o.., Value 
Quantity (thousands) Quantity (thousands) 
METALS 
Aluminum: 
Ingots, slabs, cru lle short ton 185,850 $134,064 152,366 $118,644 
SOTO ese a eh i u qe ML do— 166,937 729,169 108,958 63,245 
Plates, sheets, bars, etc ........... - ...- ----- ἀο........ 171,008 228,684 203,843 261,759 
and forgings ....... -...- ------ -- ------ do- 5, 18,813 5,611 
Aluminum sulfatteeke do- 47,688 97 50,758 1,569 
Other aluminum pone FFC do- 835,920 131,726 911,460 166,084 
Antimony, metals and alloys, crude --- do_ _ _ _ 339 1 
Bauxite, including bauxite concentrates 
thousand long tona... 19 1,651 15 1,297 
Beryllium __ _ _ pounds 31,336 1,152 114,143 1,756 
Bismuth, metals and alloys - - - -- -------- do... 1128,893 636 168,488 514 
Cadmium thousand pounds. _ 396 589 504 713 
Calcium: 
|) NH ο ο οκ οπλο SP short. tons 4,640 705 8,411 795 
Chloride __ τος εώς αι do. ..- 28,359 2,314 33, 2,578 
Dicalcium phosphate do_ 21,053 6,270 32,302 7,612 
Chrome: 
Ore and concentrates: 

Exporte thousand short tons. . 139 6,896 124 5,609 

Reexports _______________ 222-2 do- 45 2,111 5,475 
Ferrochr one do-— 13 07 14 8.785 

Cobalt... nue thousand pounds. _ 4,231 14,881 3,892 12,421 
Columbium metals, alloys, other forms do.... 53 181 67 778 
; concentrate, composition metal, and un- 

refined (copper content ----- short tons. _ 16,451 14,454 22,689 19,769 
e T να 45,002 40,793 37,473 37,079 
Refined copper and semimanufactures _ _ do 258,165 465,553 176,877 813,877 
Other copper manufacture do- 9,518 14,158 4,923 8,435 
Copper sulfate or blue vitriol.. _------- do... 1,248 2,067 2,071 2,985 

y r-base alloy do. ... 130,254 179,838 110,665 177,270 
oys: 
Ferrosilicon ... _ „ do. ... 39,712 15,732 12,416 1,449 
Pr ών Ku (8 do... 487 E 53 
Ore and base bullioůo-tnnnnn troy ounces. _ 393,970 63,654 837,517 41,624 
Bullion, refinee „ do— 3.101.812 429,278 3,193,248 333,424 
OOo Loa A thousand long tona. _ 2,537 60,071 2,913 82,192 
Iron and steel: 

Fi αιώνας short tons 59,596 4,636 57,480 5,408 

Iron and steel products (major): 
eactures. __ g do_ _ _ _ 1,690,956 633,502 1,856,573 592,126 

Manufactures and steel mill products _. _ do___ 2,284,043 2,936,341 1,814,776 1,870,281 
Iron and steel scrap: Ferrous scrap, including rerolling 

materials 

thousand short tons 9,642 780,984 8,168 636,758 
Slag ο ο ολοι ]] ꝗ K ala Sle short tons. _ 139,516 5,506 38,718 1,264 
Pigs, bars, anodes, sheets, οἷς... _ _ short ton 21,256 12,041 5,877 5,820 
τας ο οὐ A oe Soe do- 49,951 10,063 46, 883 11,539 
Magnesium, metal and alloys, scrap, semi- 
manufactured forms, n.e.c.. .... .... .. . do- 32,591 48,191 18,444 26,902 
ese: 
Ore and concentrate do- 204,523 13,886 127,971 7,510 
Ferromanganeesess ....- eror, do_ _ __ 732,487 710,743 6,789 3,462 
Metal ο es bam ds do- 3.256 3,318 4,654 494 
Mercury 
, St 76-pound flasks_ . 339 152 501 306 
Reex ported do— 155 68 12 6 
Mol num: 
jlareh concentrates (molybdenum 
MN TANT μεν ousand pounds 62,611 159,592 62,474 183,536 
Metal and alloys, crude and crab ο... 317 858 390 
J τσ A PE ROO 8 270 2,863 343 3,672 
Semimnnulsctured forms, n. ee do 312 1.790 184 επ 
Ñi ο σον JJ ³˙ A T a do ... 2,241 4,198 3,596 9,447 
ickel: 
Alloys and ο... Monel metal), 

"= ir oars, 3 ort tons . 23,118 102,400 38,143 141,724 
Οαἰαἰγθίδ........- -- do... 3,536 13,713 4,442 16,282 
Nickel- chrome electric resistance wire do- 679 4,169 169 5,253 
ο ερ forms, n. eee ..... _ _ _ . do. _ _ _ 2,788 20,420 4,207 30,136 

um: 


Ore, concentrate, metal and alloys in ingots, 


bars, sheets, anodes, other forms, including 
νοκ Se 8 troy ounces. . 316,450 56,412 325,805 37,868 


Palladium, rhodium, iridium, osmiridium, 
ruthenium, and osmium (metal and alloys 
including scrap) -.........- -...... - .... . do- 283,435 31.102 186,602 14,885 


See footnotes at end of table. 
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Table 9.—U.S. exports of principal minerals and products —Continued 


1975 1976 
Mineral . Value ; Value 
Quantity (thousands) Quantity (thousands) 
' METALS —Continued 
Platinum —Continued 
Platinum-group manufactures, except 
jewelry — < < < «πω — x om «πὶ — ———ä4 — — < am N A $3,246 NA $2,977 
Rare earths 
Cerium ore, metal, alloys 
. lighter flint pounds 100, 279 900 119,792 835 
Ferrosiliſoůwnn short tons. . 139,712 r15,732 12,416 7,449 
an Silicon carbide, crude and in grains do... 12,970 6,839 10,106 6,174 
ver: 
Ore, concentrates, waste, sweepings 
thousand troy ounces. - 10,005 43,481 7,000 28,849 
Bullion, refined ________._______ -΄ _ do- 22,621 104,086 7, ,596 32,586 
um: 
Ore, metal, other form thousand pounda. _ 531 5,545 213 6,711 
J ous κ ο ολα τας TE do_ _ _ _ 161 5,974 110 7,982 
Ingots, pigs, bars, etc. 
FCC metric tona. _ 11,444 10,457 540 2,998 
Reex ports ος 72,152 15,531 1,798 18,967 
Tin scrap and other tin-bearing material 
except tinplate scrap ____________- do- 5,062 4,943 6,927 7,891 
um: 
850 5 i ieu e ede short tons 8,147 505 4,802 477 
inc ned i titanium 
apis niei οι τν λε ἁ ια do... 4,326 1,630 6,144 8,547 
3 mill shapes and mill products, n .. 
-- do.. 1,900 24,726 1,065 15,089 
Dioxide and pigment eee 15,807 12,110 20,580 16,229 
n, ore concentrates: 
ο TTE thousand pounds. - 1,816 8,082 1,729 11,189 
Reexportis _ _ -. -.-.-. -... -...... -..-. do- 316 930 887 1,908 
Uranium: 
Ores and concentrates (UsOs content) pounds. - 122,663 1,840 1 495. 180 24,432 
c 88 do. _ _ _ 14,840 203 7,108 146 
Compounds do— 887, 266 52,040 869, 086 7,282 
Isotopes ( (table and their compounds NA 2, 679 NA 2,108 
Radioactive materials thousand curies_ _ 87,850,886 20,088 81,474,488 25,905 
Special nuclear matorials - NA 236,849 NA 426,428 
Vanadium: 
one and concentrate, pentoxide, 
etc. ium content pounds 430,592 1,628 ,085 742 
gu ΠΡ „JC ROC zc 2,085,851 7,952 2,421,776 9,180 
c: 
Slabs, pigs, or blocks short tons. _ 6,897 5,870 3,513 2,306 
Sheets, plates, strips, other forms n.e.c __ _ do- 1,629 2,086 2,271 2,817 
Waste, scrap, and dust (zinc 
content) )))) do- 5,051 2,448 8,945 9,535 
Semifabricated forms, nec... „ do 14,196 9,379 9,320 6,076 
Zirconium: 
Ore and concentrate pounds. _ 87,531,845 4,787 18,855,595 2,784 
Metals, alloys, other form Q. 2,649,694 125, 828 202 43,809 
NO ALS 
— d der of sto 
and pow or semiprecious stones, 
including diamond d and powder 
| thousand carats- 12,802 82,088 14,155 95,450 
Crushing bort do... 8 12 77 182 
Industrial diamonds ___ __ -. do_ ___ 950 5,948 639 8,671 
Diamond grinding wheels 3 684 4,933 730 4 911 
Other natural and artificial metalli 
abrasives and Du ο ο ο NI NS NA 59,868 NA 68,979 
Unmanufactured ...........-..--- short tons. _ 84,921 10,059 46,817 12,640 
ΟΕ εν... di 8 τν... ΝΑ „556 NA 60,216 
Ünmanufsctored πα μισο a mau s Ru do... 1,526 608 151 
Products ...............-...-.-.-.-..-------.-- do- 220 NA 296 
Barite: 
Natural barium sulfat do... 51,886 1,868 41,063 2,871 
Lithopone ....----.------.------------.-----.-. da- 1,883 1,060 779 937 
Boric acid __ _ _ _ do... 83,697 11,532 86,492 12,868 
Sodium borates, refined do— 212.266 486 211,362 49, 156 
ο μι κακο do- 494,132 28,409 466 055 26,601 
lin or china ela do— 878,619 47,905 839 57,649 
Nono c6 acp e c Le us do_ _ _ _ 219,431 7,191 296,016 12,895 


See footnotes at end of table. 
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Table 9.—U.S. exports of principal minerals and products —Continued 


128 
Mineral 
NONMETALS —Continued 
Clays —Con 
Feldeper — pele syenite _ thousand pounds. - 
Gem prn eee 
Diamonds thousand carats _ 
lx |. ooh on es i SERRE 
OU), Ln occ / ⁰· AA eee 
Graphite Bp ETERNI ENEN short tona. _ 
Crude, crushed or calcined thousand short tona. _ 
J) ⁵³i.¹ y 
Lithium h 6 μαμα thousand pounds 
Kyanite and allied minerals short Agee = 
eium compounds: eee. na 


te, dead-burned thousand pounds. 
Mammesite' crude, caustic calcined, lump or eras 


Mica sheet, waste and scrap, and ground pounds 
Mica, manufactured d do 


Phosphate fertilizers: — 

c r8: 

Superphosphate s do- 
Ammonium hates da- 
Elemental p — ώς short tona. _ 

Pigments and compounds (lead and zinc): i 

5 short tons 
Zinc oxides ΙΕ '' . 
ent grade en 
er grade ___ do 
Zinc compounds do— 
Fertilizer κ eee ἁα....... 

Pumice and pumicite _ _ _ _ _ _ _ _ thousand pounds _ 

ce and pumicite 

TC short tons. _ 


ΕΘ —— Rim amas 
pmen noncontiguous territories _ _ — το 
a gravel: 


lo oL ILLIUS short tons_ _ 
Industrial... ~~. -.-. -.. -.-.-.. Em 
Gravel ¹q m m:!!! ME 
Sodium and sodium compounds: 
Sodium sulfate __ _ -2- do- 
Sodium carbonate |... _ _ cc - do- 
Dolomite, block do 
broken do_ _ _ _ 
Marble and other b and monumental do... 
crushed, 
thousand short tons. _ 
Š Manufactures of stone "p 
σα κοιν INTE thousand long tons. _ 
Crushed, ground flowers ß TIR 
Talc, crude and ground ____________ short s 
MINERAL FUELS 
Carbon black thousand pounds 
Anthracite. LL -.-. thousand short tona. _ 
Bituminous ____________________ do 
1 8 J ³˙W¹1¹A οσον do- 
Natural gas „ thousand cubic feet. 
eum: 
ον πμ e E thousand barrels. _ 
Ell. ⁵ð do 
Al ³ A eee do 
Naphtha . aas do- 
Kerosinee . -.- -...-...-... do 
Distillate oll do 


See footnotes at end of table. 


1,216,088 $65,202 1,851,958 
19, 501 2,289 
1, 194 4,923 
265 236,988 818 
NA 413 NA 
NA 25, NA 
10,586 1,890 79,098 
75 4,505 284 
NA 5,976 NA 
1,226 1,593 584 
150,369 9,855 68,329 
53,853 2,146 55,852 
165,309 14,146 142,745 
18,195 4,588 20,242 
10,977,358 3,154 14,449,150 
132,301 8,950 2,481,151 
18,281 1,110 11,867 
14, 736 1860, 110 4.714 
12,606 461,553 11,019 
71,166 "1 1,334 
2,422 532,214 2,406 
,845 86,659 29,038 
40,695 42 
1,695 901 2,620 
580 490 345 
2,389 1,867 4,261 
715 496 577 
917 1,060 TT9 
1,419,317 192,701 1,669,691 
104,497 18,949 60,025 
2,504 1,027 2,022 
1,767 1,106 == 
1,882 9,070 1,007 
20 2,904 18 
510,859 1,111 558,733 
2,171,109 18,071 2,558,475 

587,290 864 519, 
17 6,144 57 
529 45,822 645 

49 1,464 

8,386 9,993 8,191 
NA 2,449 NA 
896 5,843 866 
NA 2,376 NA 
1,288 69,553 1,183 
7 2,248 15 
157,681 6,338 212,344 
87,947 15,474 110,760 
640 25,801 615 
65,669 8,232,893 59,406 
90 9,566 87 
1,273 14,182 1,315 
105,879,552 114,275 95,866,953 
19 187 2,227 
185 3,103 266 
826 9,459 848 
1,168 21,211 2,608 
28 481 33 
92 1,156 97 


1975 1976 
Quantity i Value ; Quantity i Value | 


Hes Pese s 
S PuEAS Ë 


Rg 
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Table 9.—U.S. exports of principal minerals and products —Continued 


1975 1976 
Mineral Val 
Quantity (thousands) Quantity (thousands) 
FUELS —Continued 
Petroleum —Continued 
Residual oi] ..........- --.- - --.-. thousand barrels. _ 4,892 $48,179 3,488 $32,301 
icating oi] ..............-.-.-.-.-.--.-----... do 8,821 873 6,749 206,681 
Liquefied Pd pairol eum gases __ _ a iens 9,432 100,041 8,961 | 98981 
eum — a a a a - s s s s = — — — , , 

Way υυ-υ- ο ο T ͤ E ENSA do- 581 502 80,997 

ο MEME PE PR do... 36,949 815,239 838.831 852, 
F MEM 7,436 95,681 91,491 

Miscellaneous ΡΕ, 1,088 43,976 1,016 

TO]. a eee AA xx 14,345,654 XX 12,514,499 


"Revised. NA Not available. 
1 Adjusted by the Bureau of Mines. 
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Table 10.—U.S. imports for consumption of principal minerals and products - 
1975 1976 


Mineral I κο ΕΡΕ 
Quantity (¢housands) — Quantity — (housanás) 
METALS 
Aluminum: 
e s s eee short tons. _ 434,119 $316,878 575,350 $489,570 
coro Pet do. ..- 54,806 21,586 85,714 ,166 
Plates, sheets, bars, etre do- 61,354 65,079 81,560 96,312 
acd uminum oxide (alumina)... ----------- do. ..- 8,507,415 370,089 8,624,367 404,478 
ony: 
Ore (antimony content kuh do 8.320 14,535 10,023 16,911 
Needleorliquated |... 2... do_ _ _ _ 74 255 41 129 
Weta) u do... 2,112 5,671 4,986 
9%%H% 8 da- 12,588 11,611 17,029 
Arsenic: 
White (AssOs content) do_ _ _ _ 12,013 4,426 4,262 1,528 
Metallic Ec 483 2,116 288 1,735 
Bauxite, crude -. -. thousand long tons 711,529 NA 12,548 NA 
Beryllium ore. short tons. _ 11,479 1468 1,058 880 
Bismuth <2  _ occae cem ida: pounds. _ 1 881, 178 9,442 2,828,051 14,154 
Cadmium: 
Hil uae κοκ short tona 2,618 18,902 8,411 14,511 
Flue dust (cadmium content da- 846 1,489 246 536 
Calcium: 
πα ος Σε ολες s pounds. _ 70,128 78 461,965 415 
Chloride short tons. _ 12,021 598 16,046 480 
Chrome: 
Ore and concentrates (CrsOs content) 
short tons. _ 559 60,651 588 70,075 
Ferrochrome ___________________ ο... 198 190, 150 124,819 
tic MM VN ↄ 8 i. 2 6, 2 142 
Cobalt: 
Metall! thousand pounds... 6,092 25,611 15,129 66,299 
Salta and compounds (gross weib- m 241 114 225 965 
and com 8 ue 
Columbium ore do 1.542 2.012 8,968 5,787 
8 ss post ο... short to 29 901 85,649 85,197 49,861 
and concentrates -. ns... " » , , 
us, black, coarse ______________ do- 5,615 20,560 14,097 54,878 
Unrefined, black, blister do. ... 8,969 90, : 22,144 
in ingota, et do 945 166,159 881,843 27 
Old and cras-b-z do. _ _ _ 4,899 14, 19,135 19,231 
Ferroalloys, n.e.c ----------------- 5 do— _ _ ae 129.006 99,905 41,480 
ül colo ee ͤ ee ograms. _ , ; 
Gold (general im ): 
Ore ullion______ troy ounces. . 813,038 50,055 166,312 
lll; EIc do_ _ _ _ 936 406,588 2,489,679 811,011 
Inn!!! eee e een Se do— 113,800 629 290,139 ; 
ο Z A EEEE A thousand long tona. . 46,143 860,496 ; 980,848 
Iron and se 
P ION e nou er ee short tons_ _ 418,106 69,316 444,282 51,142 
Iron and steel products (major): 
Iron product do_ _ _ _ 41,535 32,299 44,877 82,002 
Steel ρτοάυςία......... ~~ -..-. -. do.. - 12,440,326 4,475,191 18,051,471 4,479,191 
tuer ↄ do— 293,082 24,464 495,584 84,524 
Tinp ος τν δι AREE ο ών su s do- 1 1, 
Ore, flue dust, matte (lead content do_ _ _ _ 45, 12,329 88,988 29,492 
Base bullion (lead content ΕΘΝ 462 188 
igs and bars (lead content do_ ___ 99,054 46,708 141,980 60,245 
Reclaimed scrap, etc. (lead content do- 1.741 617 2,644 1,022 
Sheet, > DS shot ο lee PRR eta ene ay do- 147 99 294 495 
llic and REM SORORE οι E ERR do- 6,787 9,299. 13,066 19,020 
magnesium content τας 1,111 2215 1,820 ; 
Sheets, tubing, ribbons, wire, other 
forms μμ content do—- 5 88 21 38 
Ore (85% or more contained manganese) - do- 765,580 11,108 649,245 73,621 
Ferromanganese (manganese content) _ _ do 806,650 128,881 417,483 164,698 
Metal. ος μας ας memini do- 4,818 4,041 7,082 5,258 
Compounds 8 16,112 742 85,536 
PISOS PS 76-pound flasks_ _ 43,865 7,599 44.415 4.325 
Monor metals: Selenium and salts _ _ _ _ _ _ _ _ " 889,320 10,265 811,257 12,118 
ο num 
83 o aa IR taa 8 do_ _ _ _ 2,556,680 5,916 2,092,623 4,850 
Waste and scrap _________________ do_ _ _ _ 44,672 101 297,554 1,183 
EU HP EC DORMI REN W SSS do- 38,926 63,500 105,274 
Ñ Se ο να πο ο ο. A do... 682,089 745 679,289 
Pigs, shot, cathodes _ _______ short tons 107,084 111,255 456,898 
Plates, bars, et 4 do. _ _ _ r1,752 11,118 20 
ο ο απ n A πο πμ μμ eA — ; ; 98,178 
SOTAD- onc i Ier do... 8 5, 2,859 4,821 
Powder and flakes __ _ _ _ .- do. _ _ _ 9,772 89,418 10,181 45,261 
Ferronickeci1!111411l1ll.n do... 65,046 67,818 55,721 72,161 
e ποσα σα do— 5,063 15,172 5,932 21,948 


See footnotes at end of table. 
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 


1975 1976 
Mineral : Value í Value 
Quantity (thousands) “Quantity (thousands) 
METALS —Continued 
DU group metals: 
Grains and nuggets (platinum) _ _ troy ounces. _ 19,258 $2,941 5 
Sponge (platinum do 567, 466 91,567 904,048 199,878 
Sweepings, un crab do— 116,523 14,278 146,713 20,080 
íi . 88 do_ _ _ _ 14,419 6,892 18,179 5,045 
Palladium do... 409,86 83,863 994,860 48,585 
Rhodium ---------------------------- νε. 80,197 84,400 62,260 18,842 
Ruthenium —_______~__________ do 16,585 926 76,613 8,580 
Other platinum um-group metals do... 234,151 87,055 ,560 82,195 
Platinuuwmnmnmnm do- 96,630 15,897 95,653 15,623 
dium... ος eee do. _ _ _ 144,240 15,163 128,951 6,825 
Rhodium meme do 1,832 675 1,864 | 882 
Other platinum-group metals do- 118, 570 19,726 14,142 1,968 
Radium: Radioactive substitutmes NA : ΝΑ 12,200 
Rare-earth rium, other 
cerium alloynhn sss pounds 33,852 187 40,259 167 
Silicon (silicon € content): i 
GAMME 8 short tons 9,852 6,591 31,359 36,170 
errosilicon .......- -..-...-.-.-.-.-. ---.-. ---. -.-. rcc 41,365 41,950 64,124 7 
Silver (general im ): 
and bullion ο... thousand troy ounces. . 21,197 87,755 16,717 70,206 
ulli. AAA EOM 61,629 214,254 67,187 289,082 
Sweepings, waste, doree . 7,596 82,527 4,454 18,823 
Tantalum ore thousand pounds. _ 11,753 17,794 2,551 15,124 
Οτο (tin contentt?⁰rꝛ metric tons_ _ 16,415 44,114 5,733 88,529 
Blocks, pigs, grains, et do_ _ _ _ 44,366 812,346 45,055 825,458 
immi scrap, residue, 
and tin alloys, nspf -—-—---------- do- 72,468 2,452 2,666 8,550 
Tinfoil, powder, flitters, et NA 7,251 NA 8,148 
Titanium: 
Ilmenite?_------------------ short tons 834,692 15,908 431,717 18,715 
M!; 2 ee ο... 224,4 46,362 281,712 849 
HON NEM 8 = 10,549,619 18,332 7,922,050 12,690 
Ferrotitanium.. . _ .........- ---- do.. 1,071, 1,125 1,798,936 1,438 
Compounds and mixtures do_ _ _ _ 53,964,945 19,654 140 /195,246 
. (tungsten content): 
and concentrate thousand pounds. _ 6,570 81,665 5,301 28,820 
Waste and scrap ______________- _ do... 71 817 170 694 
Other alloys sss "— 1,898 11,104 2,478 14,255 
Ferrot πες AA 6 do— 418 2,542 5,451 
Uranium and other uranium-bearing and 
nuclear ma : 
Oxide UO do. ... 2,451,538 24,481 11,074,298 208,926 
Compounds, η.6.ς.........-.----.--.-. -. -..-. -..-. -. do. _ _ _ 19,226,57 161,507 83,876,908 441,603 
Moe (stable) ad their compounds A 957 NA 1,067 
Radio isotopes, elements, etc .. _ _ thousand curies _ 85,346,036 8,297 60,802,966 12,200 
Vanadium (content): 
Ferrovanadiumm thousand pounds 213 1,435 518 2,448 
Vanadium-bearing materials 5 pentoxide 
content) ME PRO T8 do... 8,185 7,075 10,702 7,121 
Ore (zinc content) --- short tons 428, 544 108,822 155,803 50,553 
Blocks, pigs, slabs. - - - - ------------ ο ος 374.922 273, 636 695,131 482,265 
J c - ο 3,158 128 12446 ¿884 
Zl Sa im 8 "EESE ; ! 
Dust, , flakes 2S een do— 5,739 5,144 ,009 5,184 
Manufactures ................---.---.-..-..-..-.. -.. -.-.. -.. -.. -.. -.. ΝΑ 79 ΝΑ 96 
Zirconium: 
Ore, including zirconium sand short tons. - 40,205 8,874 64,643 13.738 
Unwrought, scrap, and compounds do... 2,018 5,991 914 1,153 
NO ALS 
Abrasives: | 
Diamonds (industrial) thousand carats_ _ 14,291 53,883 17,047 61,102 
Other abrasives ...................-....- ........-. -. ΝΑ "68,480 NA 96,130 
ανετα JJJJͥͤöXVjqſ short tons 538,553 111 011 657,851 142,145 
Crude and grounßdgdgdd „ do- 672,528 9,264 917,812 17,829 
Wither it seus 44 278 56 
ασε] os Ce do_ _ _ _ 10,987 4,443 16,913 5,095 
Boron: 
Carbide - pounds. _ 187,572 1645 80,232 240 
Boric acid —————— «4% do... 845,231 d 112,870 . 14 
Calcium borate, crulle -. do- 55,282,829 71,580 60,493,066 1,953 
Cement thousand short tons. _ 3,702 70,620 3,107 ,085 
ee ã·ð·w- LUE short tons 88,851 1,644 84,859 1,207 
Manufactured... -. -.. -..-. -. -.. -.. -.. -. -.. 9 4,143 908 4,309 607 
/0Äõĩ5Ü¹¾1uV a puna usu do_ _ _ _ 20 9,058 11,825 4,829 


See footnotes at end of table. 
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 
1975 1976 
Mineral š Value ; Value 
Quantity (thousands) Quantity (thousands) 
NONMETALS —Continued 
Feldsper: 
CIS απο ο short tons. . 1209 $17 98 $17,614 
Ground and crushed ______.____ .. -.-.. do- 81 6 ΠΗ ei 
Fluorspar ðZd ee TEN 1,050,448 61,059 895,254 56,580 
Gem stones: 
Diamond ________________ thousand carats. ._ 4,577 722,119 6,716 1,011,889 
ΕἘπιοτα]άς ο. da _ _ 806 40,848 ,165 56,286 
QUIM ere aaa st 8 NA 87,968 NA 112,241 
Graphite short tons. _ 65,663 5,698 79,098 6,758 
Crude, calcined _ _ thousand short tons. _ 5,450 16,193 6 18,285 
— = — ο MO d 
Kyanita .— ` ` 4 7 7777 lee short tons_ — 65 8 110 12 
Hydrated.____________________- do 44,637 1,892 48,461 1,814 
ο Lo Dn oce mca Ea do 214,311 4,861 816,442 8,816 
Lithium 
DIS uuu ³² 5 AA do 4,048 588 68 1 
Com B do 11 107 48 621 
um compounds: 
FFF EAE ii : a : 
ca 
8 Beo οι ο λα em quem do 5,716 502 8,194 808 
magnesite, dolomite . _ _ _ _ _ do 156,382 24,668 88,085 14,518 
Compounds E 86,512 1,796 ,089 2,261 
Uncut sheet and punch ...... thousand pounds. - 904 696 1,654 941 
ελ ος ος — ο 2 ο ται. Enn 10,672 856 4,210 202 
ο REG neice σος xdi dí iin i 
iron : 
Ocher, Ὃ αμα 533 short tons_ — 20 8 50 11 
Siennas, crude and refined do... 521 107 624 122 
Umber, crude and τοπποά............-.....-- -.-- da- 4,251 850 6,908 561 
Vandyke Ότονη.............-..-.-- -. -. -- -..-. -. -..-.. -. do- 819 51 789 147 
Natural, other do 1,001 223 1,231 190 
K ο ο ο TE ae UNUS do 1,867 8,444 40,547 15,523 
N line syenite: 
e μασ uy ἆο....... 62156 98 2,112 88 
Nita sep msj isis -- eps eee dia ido 
1 com , 
urea vis ον ˙ A thousand short N & * . ο 296,814 
Phosphatic eri do____ 147 26,970 47 6,681 
Pigments and salts: 
Lead pigments and compound short tons_ — 5,387 7,470 17,836 9,462 
Zinc pigments and compound do_ _ _ _ 18,447 10,746 21,969 15,557 
Potah u suu - w do 292.329 272 7,595,246 360,756 
Crude or unmanufactured ___________ do... 3,260 TI 3,944 148 
Wholly or partly manufacture do- 142,120 880 78,057 850 
. ρας 143727 901 1.145801 368 
t thousand short tons_ _ ^ $215 15,272 ' 4, 28,476 
Sand and gravel: 
Glass sand 2.2.2 q A ες ξερω» da- 45 475 61 484 
Other sand and grave!!! do- 829 801 292 425 
Sodium sulfate ...............-----------.-.---.-. da 285 12,624 916 16,111 
Stone and whiting .........--------------------------------- NA F46,187 NA 46,211 
Strontium: 
Mineral] Le short tons. — 21,613 826 85,711 1,486 
Compounds a ,100 1,261 870 2,934 
Sulfur and compounds, sulfur ore and other forms, n.e.s. 
1 tons_ _ 1,897 10,848 1,721 59,494 
Talc, unmanufactured.. ~~... ._  — tons 23,818 1,471 20,071 1,861 
MINERAL FUELS 
; pounds.. 5,889,266 2,578 8,294,902 
Gas black and carbon black__________. do $8,084,187 4284 44,120,742 7,016 
Bituminous, slack, culm, lignite _ _ _ _ — short tons. . 989,721 21,682 1,208,076 17,789 
ES Ree παω κος κ "eu 16,367 210 18,829 484 
JJ 8 . 1,818,981 156,488 1,311,472 111,006 
Natural gas, ethane, methane, and 
B E thereof thousand cubic feet 944,852,390 1,070,589 948,482,188 1,611,644 
ce 9 
Fertilizer gradPP -........ .. short tons. _ 283,782 23,371 438 28,989 
Poultry and stable grade uS ,626 488 5,618 568 
Crude petroleum .........- thousand barrels. - 1,581,129 18,290,012 2,051,307 25,456,155 
οκ Ee ee er a 8 ος 89,420 489,851 22, 210,101 


See footnotes at end of table. 
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 


1975 1976 
Mineral 
Quantity (ihouandd) Quantity ben 
FUELS —Continued 
— Petroleum —Continued 
Residual |... -.--.--- thousand barrels. .. 962,084 $3,958,178 405,833 $4,812,317 
Unfinished oil ο... 1,514 18,042 f 
Gasoline ᾿....... -...-----------.-.-. - -. -. -. do... 22,140 814,971 8,078 180,378 
/G ne ee A do 368 619,102 056 , 
Motor fuels, n.es ~~. -. -..-. -..-. do 666 8,799 1,019 12,178 
ιτ ο αλ ο ES SEMEN NUN do_ _ _ _ 46 511 
Lubricants... ~~~. -.-- -. -.-.-.---. -. do 130 4,159 547 5,491 
το z ος ο zD ee nie eris 157 6,128 §,212 
Naphiha J U l ² AA mA ee L. 3 654 782, 485 51,112 702,583 
pon petroleum gases do- anl 3 py 
Miscellaneous. L da- 21,285 248,458 18,872 I 
Tol 2; he K ZZ XX r98,847,295 XX 48,718,821 


‘Revised. NA Not available. XX Not applicable. 
by the Bureau of Mines. 
JJV but less than 9990 silicon. 
*Includes titanium slag averaging about 70% TiO», for detail see Titanium chapter. 
*Less than 1/2 unit. 
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Abrasive 


Materials 


By W. T. Adams! 


The production of zdtuial abrasives var- 
ied in quantity and value compared with 
1975. Output of tripoli-type materials and 
garnet increased in both quantity and val- 
ue; special silica stone products decreased in 


quantity and increased in value; the pro- 
duction of emery decreased. 

The production and value of manufactur- 
ed abrasive materials increased for all 


types. 


Table 1.—Salient abrasives statistics in the United States 


Kind 1972 1978 1974 1975 1976 
Natural abrasives (domestic) sold or used 
by producers: 
Tripoli (crude ... .. short tons 87,864 101,519 85,121 80,562 124,281 
Valne --- thousands 3797 3929 3623 $565 $116 
Special silicastone products! short tons... 3,241 3,466 3,134 2,958 2,696 
V alte thousands 8670 18667 $717 $1,061 $1,404 
Garnet short tons 18,916 22,772 684 17,204 à 
Vale thousan 81.957 $2,380 $2,551 1,690 $2,140 
Emery... ...---------- short tons_ _ 2, 2,884 2,520 3,487 
Vale thousands W W W W W 
Artificial abrasive: Short tons 584, 680 3645,813 3730, 405 3528, 307 3620, 328 
Value πο h m es thousands $92,958 108,808 23175, 678 38141. 580 $176,064 
Foreign trade (natural and artificial abrasives): 
Exports (value -. -. -. -. do $64,219 $82,969 $115,508 $102,849 $113,199 
Reexports (value)) Ὁ... $26,146 $29,413 29, 829 $28,362 $29,285 
Imports for consumption (value _ _ _ _ do $106,512 $136,655 $142,974 18121, 863 $157,232 


"Revised. W Withheld to avoid disclosing individual company confidential data. 
Includes grinding pebbles, grindstones, oilstones, tube-mill liners, and whetstones. 
3Production of silicon carbide and aluminum oxide (the United States and Canada); shipments of metallic abrasives 


(the United States). 


Includes production of aluminum zirconium oxide (the United States and Canada). 


FOREIGN TRADE 


Imports of abrasive materials were 29% 
greater in value than in 1975, and exports 
plus reexports increased 960 in value. Net 
imports, the excess of imports over exports 
and reexports, were $14.7 million. The vol- 
ume and value of all abrasive materials 
exported varied. 

Industrial diamond imports totaled 17.0 
million carats of loose material valued at 
$61.1 million, reflecting increases of 1996 in 
quantity and 14% in value from those of 


1975. Exports of loose industrial diamond 
were 14.9 million carats, an increase of 8%, 
and the value was $39.3 million, an increase 
of 3%. Reexports of similar industrial dia- 
mond were 3.1 million carats, a decrease of 
4%, and the value was $28.9 million, an 
increase of 2%. The diamond content in 
diamond wheels, exported and reexported, 
was 749,000 carats, an increase of 8%, and 


I Physical scientist, Division of Nonmetallic Minerals. 
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the declared value was $5.0 million, for no 
change in value. The imports of diamond 
wheels are listed by number and value; the 
value in 1976 increased to $1,302,000 from 
$896,000 in 1975. 

The 1976 imports of industrial diamond 
from Ireland were 5.9 million carats valued 
at $13.9 million, reflecting increases of 3196 
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in quantity and 33% in value from those of 
1975. The share of imports from Ireland was 
35% of the total quantity and 23% of the 
value. Of the industrial imported bort, pow- 
der, and dust, synthetic diamond was 4.5 
million carats valued at $9.0 million and 
natural diamond was 6.9 million carats 
valued at $15.1 million. 


Table 2.—U.S. exports of abrasive materials, by kind 


(Thousands) 
1975 1916 
Kind : : 
Quantity Value Quantity Value 
NATURAL ABRASIVES 
Dust and powder of natural and synthetic precious or semi- 
precious stones, including diamond dust and powder _ carats_ _ 12,802 $32,088 14,155 835, 450 
Crushing bort, except dust and powder do 3 12 77 182 
Industrial diamond___________________---_____ do 950 5,948 639 3,677 
Emery, natural corundum, and other natural 
abrasives, n. ee „„„„„4„„„ pounds 21,366 4,198 83,619 6,189 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) ---- ----.--- - do 153,302 113, 638 43,682 14,820 
Silicon carbide, crude or in grain do 25,939 6,839 20,212 6,174 
Grinding abrasives, 5 F do 1.324 4.533 1.919 5,381 
rin an wheels and stones: 
ond re ure SM cu oh 8 carats_ _ 684 4,933 730 4,911 
Pulpetones nee 33 1 eem pounds 2,991 1,476 1,109 651 
olishing stones, whetstones, o nes, hones, 7 
and similar stone do- 912 1.315 ' 799 1290 
Wheels and stones, n.e.c -—-—--------------------—- 5,156 11,970 5,027 13,759 
Abrasive paper and cloth, coated with natural or artificial | 
abrasive materials reams. _ 282 11,998 436 17,051 
Coated abrasives, n. NA 3,961 NA 3,776 
νε μασ μμ e ⁰¹ů‚́ μυς XX 102,849 XX 113,199 
NA Not available. XX Not applicable. 
1 Adjusted by the Bureau of Mines. 
Table 3.—U. S. reexports of abrasive materials, by kind 
(Thousands) 
1975 1976 
Kind : : 
Quantity Value Quantity Value 
NATURAL ABRASIVES 
Dust and powder of natural and synthetic precious or semi- 
aa stones, including 1 dust and powder _ _ carats _ 435 $958 302 $744 
Crushing bort, except dust and powder do_ _ _ _ 371 1,958 356 2,108 
Industrial diamond. ........................... -... -......... do- 2,425 25, 294 2, 488 6,027 
Emery, natural corundum, and other natural : 
abrasives, n.e.c ...........-. „ pounds. _ 5 3 2 6 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide ~~ __ do... 63 5 129 88 
Silicon carbide, crude or in grain do... m EN (3) 2 
Carbide abrasives, nec  .......................................... do ": ο. 7 90 
Grinding and polishing wheels and stones: 
ß7J)))))))))ßõͤͤͤ ͤͤKſd́d%dſ Du s m carats_ _ 8 49 19 122 
Wheels and stones, ne... „ pounds. _ 9 28 30 51 
Abrasive paper and cloth, coated with natural or artificial 
abrasive materialss3 -.........-.-.-.-...---.-... reams_ 1 38 1 47 
ted abrasives, n.e.c ...................-.......-.---.-.---.-..-..-..... -.-. -.... NA 29 NA 50 
Total: uu lZ ee ! s ee nun SE XX 28,362 XX 29,285 
NA Not available. XX Not applicable. 


1Less than 1/2 unit. 
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Table 4.—U. S. imports for consumption of abrasive materials 
(natural and artificial), by kind 


(Thousands) 
1975 1976 
Kind 
Quantity Value Quantity Value 
Corundum,crude. _ ........................ . .. short tons 1 $81 $230 
Emery, flint, rottenstone, and tripoli, 
crude or crushed _________________________ do____ 6 426 5 879 
Silicon carbide, cru de do- 85 16,544 89 21,191 
Aluminum oxide, CHRIS κια ασ μμ. do- 128 24,218 174 ,628 
Other crude artificial abrasive do 2 411 1 198 
Abrasives, ground qum. pulverized or refined: 
nstone and tripoli _.._-________________ do... (4) 1 (4) 1 
Silicon carbide ος ος... do 1 1,138 1 1, 
uminum oxide .....................-............. do- 3 1, 635 5 2,059 
νο ο corundum, y Ming garnet, and other, including 
Es Í h επ MRNA DM bol 88 ασια do (1) 115 1 762 
ο... er materials wholly or partly 
coated with natural or artificial abrasives _______________ (2) 17,140 (3) 24,492 
Hones, whetstones, oilstones, and polishing stones number. _ 210 198 201 194 
Abrasive wheels and millstones 
Burrstones manufactured or bound up into 
τιϊ]]σίοπθβ................. --.-..-..-.......-.-....... short tons. _ (1) 1 2 es 
Solid naturel stone wheels number . 8 19 10 18 
να ο σώσω. do 35 896 41 1,302 
Abrasive wheels bonded with res ins do- 1 2,376 1 3.270 
%%% ]⁰¹³àà.à/!˖!( .. NOS HR EON (2) 2,083 (2) 2,255 
Articles not ον provided for: 
Emery or garnet .................-.-.-.------------------.------ (2) 21 (S 25 
Natural corundum or artificial abrasive materials (3) 440 (3) 418 
;ö;’—⁸15 ³ꝛ²60•A: df απ πμ (2) 290 (2) 852 
Diamond: 
Diamond dies ........................ ....-.-.-.-.-...--.-...-. number 12 1457 NN ος 
Crushing bort __ _ _ „ carats_ _ 283 . 668 186 402 
Other industrial diamond — - - _______________ do 4,096 27,636 4,484 81,844 
Miners’ diamond _______________________ — do- 1,166 6,773 1,119 5,591 
Dust and poẽ•deerrrr-nrnrnr‚.rr -..... .........-.-- do- 8,746 18, 306 11.258 23, 765 
„ ß eI ur dL E XX 121.863 XX 157,282 
"Revised. XX Not applicable. 
lLess than 1/2 unit. 
3Quantity not reported. 
TRIPOLI 


Fine-grained, porous, silica materials are 
grouped together because they have similar 
properties and end uses. Production of 
crude tripoli increased 54% in quantity and 
38% in value. Processed tripoli sold or used 
increased 67% in quantity and 62% in 
value. The uses for processed tripoli in 1976 
were 60% for abrasives and 35% for fillers, 
compared with 57% and 41% respectively 


ufacturing Co., Northumberland . County, 
Pa., mined and processed rottenstone. 
Prices quoted. in Engineering and Mining 
Journal December 1976, for tripoli and 
amorphous silica follow: 


Tripoli, paper bags, carload lots, f.o.b., in 
cents Wite, El 
te, Elco, III.: Air floated through 


E E EEE E te ET 1.6 

in 1975. ἐπεὶ παι cream, Seneca, Mo. and 

Tripoli producers in 1976 were Malvern RORE ATR inne oir: 85 
Minerals Co., Garland County, Ark., which Double ground VF 290 
produced crude and finished material, Mid- Am h ili 5 fe .b., i "s nd la aa. ας Ë 
western Minerals Corp. Ottawa County, per ton: n. 6 PS SAE 
Okla., which produced crude and finished 90% to 95 331 
material, and American Tripoli Co., Divi- Through 200 mesh, 207 60 9 B 
sion of The Carborundum Co., which pro- Through 325 mesh, 9696 to 88 ATA 


duced crude in Ottawa County, Okla., and 
finished material in Newton County, Mo. 


Through 325 mesh, 98% to 99.4% ____ 
Through 325 mesh, 99.5% „ 


ugh 325 mesh, 99.5% 
Through 400 mesh, 99.9% __ _ _ _ _ es, 75 


Below 15 ters, 99%ù%0f·õ --- 82.50 
Illinois Minerals Co. and Tammsco, Inc., Below 10 3 99% ________ 105 
both in Alexander County, Ill, produced bro RE i 
amorphous silica. Keystone Filler and Man- 325 meh 50 
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Table 5.—Processed tripoli! sold or used by producers 
in the United States, by use? 
Use 1972 1973 1974 1975 1976 

Abrasives short tons. _ 47,821 55,420 50,615 $8,815 68,874 
.... ĩ»W.¹A¹ ⁰ "E $1,918 2,251 $1,518 $2,525 
ö. ·˙¹ A short tons_ _ 25,978 $2,407 83,361 21,630 40,241 
Value- c ο I DU C $841 $1,158 — $1,946 $1,205 $1,811 
FEMME 8 short tons. _ 1,584 2,105 2,025 1,739 5,000 
Value D II I ZII - $43 $62 $66 $60 $115 
TAP n oret us short tons. _ 74.878 89.982 36,000 68,184 114121 
value thousands $2,801 $3,458 665 $2,188 $4,511 


Includes amorphous silica and Pennsylvania rottenstone. 


estimated 


y 1 
Data may not add to totals shown because of independent rounding. 


SPECIAL SILICA STONE PRODUCTS 


Special silica stone products produced in 
1976 included oil stones from Arkansas, 
whetstones from Arkansas and Indiana, 
grindstones from Ohio, grinding pebbles 
and deburring media from Minnesota and 
Wisconsin, and tube-mill liners from Minne- 
sota. Output decreased 9%. 

Producers of oilstones and whetstones in 
Garland County, Ark, were John O. 


Co. produced grinding media, rough and 
rounded, from its quarry in Rock County, 
Minn. and Baraboo Quartzite Co., Inc., 
produced deburring media at its quarry in 
Sauk County, Wis. 


Table 6.—Special silica stone products sold 


Glassford; Hiram A. Smith, Inc.; Arkansas or used in the United States! 
Abrasives, Inc.; and Norton Pike Division of Val 
Norton Co. Whetstones were produced by Year 9 (chon 
Milroy and Smith in Hot Springs County, tons) sands) 
Ark., and by K & K Mines, Inc., in Pike 1972 8,241 0 
County, Ark. Hindostan Whetstone Co. op- 19733 ..........----- 3,466 667 
erated a plant in Lawrence County, Ind., to 1974 ---------------- 2965 iMd 
finish stone obtained from a quarry in 1916 . ... .......-.. 2,696 1,404 
Orange County, Ind. Cleveland Quarries 

Co., produced grindstones at its Amherst em πετ grinding e 


quarry, Lorain County, Ohio. Jasper Stones 


tube-mill liners, and whetstones. 


NATURAL SILICATE ABRASIVES 


Garnet.—Sales of domestic garnet in- 
creased 43% in quantity and 62% in value 
from those of 1975. Three producers were 


Table 7.—Abrasive garnet sold or used by 


active in 1976—two in Idaho and one in 

New York. Barton Mines Corp., Warren FCC 
County, N.Y. sold garnet for use in coated Quantity Value 
abrasives, glass grinding and polishing, and * mor- O 
metal lapping. Emerald Creek Garnet Mil- 

ling Co. and Idaho Garnet Abrasive Co, 1372 ---------------- 22772 2.80 
both in Benewah County, Idaho, reported 1974 --------------- 24,684 2,551 
their garnet was used in sandblasting, wa- 1375 ---------------- dicet 20110 
ter filtration, as a filler in rubber products, — ũñũ!)⁊5ĩ;7 

and as an additive in decorations. *Estimate 


NATURAL ALUMINA ABRASIVES 


ly from the Republic of South Africa. Total 
imports were 3,074 tons at a declared value 
of $229,987. 


Corundum.—No domestic corundum was 
produced in 1976. Requirements for domes- 
tic consumption were met by imports, main- 
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Prices quoted in Engineering and Mining 
Journal, December 1976, for crystal corun- 
dum, per short ton of crude, c.i.f., U.S. ports, 
were $150 to $160. 

Emery.—Two producers of emery were 
active in 1976: De Luca Emery Mine, Inc., 
and Emeri Crete, Inc., both near Peekskill 
in Westchester County, N.Y. Domestic em- 
ery was used mostly in aggregates as a 
nonslip additive for floors, pavements, and 
stair treads. The minor use for domestic 
emery was in abrasive materials for coated 
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abrasives and tumbling or deburring media. 

World production data for emery are 
principally for Greece and Turkey. In 1975, 
production of emery in Greece was estimat- 
ed to be 7,700 short tons. Production of 
emery in Turkey in 1975 was reported as 
70, 670 short tons. No value was reported on 
either Greek or Turkish production. 

Prices quoted in Industrial Minerals, No. 
99, December 1976, for emery, per metric 
ton, c.i.f., main European port were $127 to 
$136 for coarse grain and $136 to $153 for 
medium and fine grain. 


Table 8.—Natural corundum: World production, by country 


(Short tons) 
Country! 1974 1975 1976P 
ͤͥͤĩ³⁰ꝙ’¹ ] Ü n.... ALI i EDAD PE Σον. a 360 887 582 
South Africa, Republic of _.._-___.-_-____._____-____ 2222222222 278 266 157 
Man . d I ee τὸ 7,700 8,800 8,800 
%%%öõĩ«ĩ;’5A6A.. Z ⁰⁰yꝗddv dd ⁰ꝗæꝶm ο 366 460 420 
Το ο ³·¹·¹ Am ⅛ð K CM 8,704 9,363 9,459 


PPreliminary 


*Estimate. 

1In addition to the countries listed, Southern Rhodesia presumably continued to produce natural corundum at a 
significant level (several thousand tons annually), and both Argentina and Kenya may have produced minor quantities of 
this commodity, but output is not reported and available information is inadequate for the formulation of reliable 


estimates of output levels. 


INDUSTRIAL DIAMOND 


Domestic production of synthetic indus- 
trial diamond in 1976 was estimated to be 
25.3 million carats, an increase of 6.3 mil- 
lion carats from above of 1975. Secondary 
production, comprising salvage from used 
diamond tools and from wet and dry 
diamond-containing wastes, was estimated 
to be 2.7 million carats from a consumption 
canvass by the Department of Commerce. 

The Government stockpile inventory as of 
December 31, 1976, was 31.0 million carats 
of crushing bort and 20.0 million carats of 
stones. The goal for crushing bort was 15.0 
million carats and 5.6 million for stones. 
Available for disposal from prior enabling 
legislation were 9.9 million carats of bort. 

Diamonds in a serpentinized garnet per- 
idotite nodule from diotreme-pipe in south- 
ern Wyoming were the first known North 
American occurrence in an upper-mantle 
peridotite xenolith from a kimberlite intru- 
sion, as well as the second authenticated 
North American occurrence of diamond 
from kimberlite pipes.’ 


Exports and reexports of industrial dia- 
mond dust and powder, which included 
synthetics, were 14.5 million carats valued 
at $36.2 million. Crushing bort, except dust 
and powder, exported was 433,000 carats 
valued at $2.3 million. Exports and reex- 
ports of stones were 3.1 million carats 
valued at $29.7 million. The total of exports 
and reexports of dust and powder, bort, and 
stones was 18.0 million carats valued at 
$68.2 million. | 


*McCallum, M. E. Diamonds in an Upper Mantle Perid- 


otite Nodule From Kimberlite in Southern Wyoming. 


Science, v. 192, No. 4236, pp. 253-256. 


Table 9.—U.S. imports for consumption 
of industrial diamond 
(excluding diamond dies) 


(Thousand carats and thousand dollars) 


Year Quantity Value 
fô·Üh i A RE 18,417 62,920 
ος uu uos e 14,291 53,883 
IS Ac co e cA E 17,047 61,102 
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WORLD REVIEW 


Australia.—An exploration consortium 
confirmed that diamond was found in the 
Kimberly Region of Western Australia. 
Systematic sampling yielded some 160 
stones of approximately 7 carats total 
weight. There has been no announcement 
as to whether kimberlite pipes have been 
found.’ 

Botswana.—At the Orapa mine 3,428,985 
tons were processed in 1976, compared with 
3,048,020 tons in 1975. Diamond production 
was 2,360,945 carats in 1976, compared with 
2,397,245 carats in 1975. The Mopipi Dam 
provided all water requirements for Orapa 
in 1976. Construction work is in progress at 
the Orapa mine to increase capacity from 
2.3 million carats to 4.5 million carats per 
year. A new kimberlite pipe was discovered 
in southern Botswana; accurate assessment 
of its potential will require a detailed un- 
derground sampling program, which will 
take about 4 years to complete. 

Ghana.—Consolidated Diamond Ltd. has 
estimated remaining diamond deposits 
along the lower Birim River to yield about 
50 million carats. The deposits will be min- 
ed at a rate of 2 million carats per year. 
Ghana has begun to exploit this new deposit 
because the traditional diamond area at 
Akwatia in Akyem Abuakwa is expected to 
be phased out by 1980. Two other small 
firms, Cayo Ltd. and Dunkwa Goldfields 
Ltd., are no longer active.’ 

Lesotho.— The Letseng-La-Terai diamond 
mine is on schedule and was in production 
in 1976. Overlying soft, weathered kimber- 
lite was mined and stockpiled with the 
object of exposing harder kimberlite at 
depth. Mining and recovery operations have 
been geared to winning larger stones, with 
primary sorting and washing done when the 
ore is still at a fairly large size to prevent 
crushing such stones.* 

South Africa, Republic of.—Record dia- 
mond sales of $1,555 million, 4650 higher 
than in 1975, has caused De Beers Consoli- 
dated Mines Ltd. to draw on stockpiles. 
Sales of industrial diamond, both natural 
and synthetic, reached a record high in 


1976. Total diamond production fell from 


10,760,118 carats to 10,523,267 carats. No 
breakdown was given for sales of either gem 
Stones or industrial diamond. Production is 
being increased to 1.4 million carats per 
year at the Namaqualand mine to decrease 
reliance on the mines in the Territory of 
South-West Africa.’ 


143 


TECHNOLOGY 


Synthesis of cubic boron nitride using 
high-pressure, high-temperature technology 
was announced by De Beers Industrial 
Diamond Div., Ltd. The grit obtained by the 
De Beers process is from 80 to 230 U.S. mesh 
in size and comprises clear, amber-colored 
crystals of high purity. The shapes are 
described as irregular with smooth crystal 
faces or irregular fracture surfaces.* 

Megadiamond Corp., Provo, Utah, pro- 
duced a fiber spinnert for the synthetic 
fiber industry from sintered polycrystalline 
diamond material.* 

National Research Co. added the process- 
ing of copper- and nickel-coated natural and 
synthetic diamond to its diamond and car- 
bide recovery operations. 

De Beers Diamond Research Center in 
Johannesburg, Republic of South Africa, 
reported progress on a number of projects, 
among which were the following:! 

A new diamond-crushing system was 
installed for processing smaller diamond 
grit sizes. Results indicate a high yield of 
blocky grit particles with sharp well-defined 
edges that are suited for stone-sawing and 
glass-grinding operations. 

Carbide Diamond Abrasive (CDA) was 
synthesized especially for use in the grind- 
ing of tungsten carbide. The particles have 
a polycrystalline mosaic structure and 
break away in very small chips. New sharp 
cutting edges are constantly generated. 

Precise monitoring of the absorbed ra- 
diation dose is essential during treatment of 
cancer by radiotherapy. Diamond can con- 
tribute toward accurate medical dosimetry 
and successful radiotherapy. Properties 
that make diamond attractive for this use 
are low conductivity, low trapping rate, and 
high carrier mobility. 

Successful tests demonstrate the ef- 
fectiveness of X-ray topographic maps. In- 


U.S. Em , Canberra, Australia. State Department 
Airgram A-110, Oct. 15, 1976, p 


so De Beers Consolidated Mines Ltd. 1976 Annual Report. 
p. 
κ" Sure e Industry Newswatch. V. 29, No. 2, 


February 197 
eering & Mining Journal. News Briefs. V. 177, 
No. 8, p. 187. 
TWork cited in footnote 4. 
*[ron Age. Now There Are Two CBN Abrasives. V. 217, 
No. 5, “Aglare pd ; Pp. 41-43. 


"gx à ring News. Diamond Orifi 
wände W. E. You 54, No. 29, July 12, 1976, p. 20. 
W. E. Your Diamond and Carbide Waste Can Be 
Worth Thousands. Machine and Tool Blue Book, v. 71, No. 
1, July 1916 pp. 71-88. 
HWork cited i in footnote 4. 

12Bampton, F. K. A Medical Application for Radiosensi- 
tive Diamonds. Industrial Diamond Review, February 
1976, pp. 55-59. 
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Table 11.—Diamond (natural): World production, by country! 
(Thousand carats) 
1974 1975 1976P 
Country Indus- Indus- Indus- 
Africa: 
Angola 1,470 490 1,960 945 115 *460 495 165 *660 
Botswana 408 2310 2118 360 2,037 2,897 854 2,007 2,861 
Central African 

Republic — 220 118 338 220 119 339 221 119 *340 

hana .........-- 251 2,315 2,572 233 2,095 2,328 228 2,055 2,283 
Guinea® __________ 25 80 25 55 80 25 80 
Ivory Coat 112 167 279 84 125 209 22 38 60 
Lesotho? __________ 2 9 li 1 2 8 1 2 e3 
Liberia? __________ 877 259 636 4241 *165 *406 250 150 *400 
Sierra Leone? _______ 670 1,000 1,670 600 900 1,500 600 900 1,500 
South Africa, Republic of: 

mier mine 605 1817 2,422 509 1,527 2086 458 1,375 1,883 
Other DeBeers 
roperties“”sy — 2,397 1,961 4,358 2,518 2,061 4,579 2,549 2,086 4,685 
Other 5 438 292 730 272 680 332 554 
otal ________ 3,440 4070 7,510 8,435 8,860 7,295 3,339 83,683 7,022 
South-West Africa, 

Territory off 1,491 79 1,570 1,660 87 1,741 1,609 85 1,694 
Tanzania 249 249 498 224 224 448 225 225 450 
Zaire 1620 712,991 13,611 395 12,415 12,810 591 11.230 11,821 

Other areas : 

Brazil! 127 127 254 135 185 9210 185 185 °270 
Guyana 12 18 90 8 13 21 6 8 14 
ICC τε, 18 8 21 17 17 8 20 
Indonesia 12 3 15 12 3 15 12 3 15 
55... 1900 7,600 9, 500 1.950 7,750 9,700 2,000 7, 900 9,900 
Venezuela 279 970 1.249 821 1. 190 643 833 
World total 711,689 782,888 44,522 10, 184 30,924 41,108 10,320 29, 406 39,726 


Estimate. Preliminary. Revised. 


1Total (gem plus industrial) diamond output for each country is actuall που wa where indicated to be an 
diam in 


estimate by footnote. In contrast, the detailed separate reporting of gem 
Mines estimates in the case of every country except Lesotho (197 
Zaire (1974-75) where sources give both total output and detail. The estimated 


Bureau of 


iamond ustrial diamond represents 
4-15), Liberia (1974), Venezuela (all years), and 
istribution of total output between gem 


and industrial diamond is conjectural in the case of a number of countries, based on unofficial information of varying 


reliability. 


Exports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported. 


Exports. 
partial figure: January 1 through December 15 only. 


5 All company output from the Republic of South Africa except for that credited to the Premier mine; also excludes 
company output from the Territory of South-West Africa and Botswana. 


ternal crystal lattice defects act as finger- 
prints that unambiguously identify a given 
cut gem with its parent rough stone or 
identify the gem even though it may have 
been recut.'3 | 

Boron is the dopant responsible for the 
acceptor center in semiconducting diamond. 
Other potential donors and acceptors are 
discassed. At normal temperatures, con- 
duction occurs in the valence bond. At low 
temperatures, and particularly in heavily 


boron-doped synthetic diamond, an impu- 
rity bond is formed, and conduction takes 
place through variable range hopping. Lim- 
ited success has been achieved by ion im- 
plantation of boron.** 

Abstracts relative to properties of dia- 
mond-hard materials, machines, and pa- 
tents were published monthly in the Indus- 
trial Diamond Review. Each issue, January 
to December 1976, contained from 14 to 18 
pages of abstracts and patent information. 


ARTIFICIAL ABRASIVES 


Five firms produced crude fused alumi- 
num oxide in the United States and Canada 
in 1976. Operators of plants in both coun- 


in Canada. The production of white, high- 
purity material was 30,279 tons, and pro- 


tries were The Carborundum Co., Norton "Lang, A. R., and G. S. Woods. Fingerprinting Dia- 
Co., and General Abrasive Co., Div. of U.S. Merch 1976 pp 96-103. . Industrial Diamond Review, 


Industries. The Exolon Co. and Simonds 
Canada Abrasive Co., Ltd., operated plants 


14 Bourgoin, J. D., and J. Walker. Electrical Conduction 
m er ae Industrial Diamond Review, October 1977, pp. 


ABRASIVE MATERIALS 


duction of regular grade was 160,512 tons. 
Of the combined output of white and regu- 
lar, 1290 was used for nonabrasive applica- 
tions, principally in the manufacture of 
refractories. The production was 62% of the 
rated capacity of the furnaces assigned to 
fused aluminum oxide production. Yearend 
Stocks were reported as 11,935 tons. 

One firm, General Abrasive Co., Div. of 
U.S. Industries, produced fused-alumina zir- 
conia abrasive ip the United States and in 
Canada; and three firms, The Carborundum 
Co., Norton Co., and Exolon Co., operated 
plants in Canada. All production was re- 
portedly used for abrasive applications. 
The output was 5896 of the capacity of the 
furnaces assigned to the production of 
fused-alumina zirconia. Yearend stocks 
were reported as 1,259 tons. 

Six firms in the United States and in 
Canada produced silicon carbide in 1976. 
The Carborundum Co. operated plants in 
both countries. Electro-Refractories & Abra- 
sives Canada, Ltd., Exolon Co., Norton Co., 
and General Abrasive Co., Div. of US. 
Industries, operated in Canada. These five 
companies produced crude for abrasive uses 
and for refractory and other nonabrasive 


uses. Satellite Alloy Corp. operated in the 


United States and produced crude for non- 
abrasive applications. Production by the six 
firms was 81% of capacity, and 37% was 
reportedly used for abrasive applications. 
Nonabrasive use was 63% of the output and 
was mostly for refractory and metallurgical 
applications. Yearend stocks were reported 
as 11,326 tons. 

In the Stockpile Report to the Congress 
by the General Services Administration, the 
inventory of crude fused aluminum oxide in 
calendar 1976 was reduced to 249,009 tons, 
with 77,229 tons uncommitted excess; the 
stock of aluminum oxide grain was 
unchanged at 50,905 tons, with the goal 
increased to 75,000 tons; and the stock of 
silicon carbide crude was 80,619 tons, with 
the goal increased to 306,628 tons. 

Metallic abrasives were produced by 13 
firms in the United States in 1976. Steel 
shot and grit comprised 77% of the total 
quantity sold or used; chilled iron shot and 
grit, 14%; and annealed iron shot and grit, 
9%. The amounts from Ohio were 25% of 
the total sold or used, the highest of the 
producing States. Michigan, Indiana, Penn- 
sylvania, Alabama, New York, and Con- 
necticut followed in quantity sold or used. 
Three companies recycled material: Copper- 
weld Steel Co., Glassport, Pa.; Industeel 
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Corp., Pittsburgh, Pa; and Kohler Co., She- 
boygan, Wis. 


TECHNOLOGY 


Ceramics are prone to surface damage 
caused by grinding, cutting, thermal 
shocking, impacting, and even handling. 
The resulting flaws cause a decrease in the 
actual strength of ceramics. Thermally 
shocked alumina regains its strength when 
annealed. Cracks appear to heal via the 
disappearance of void space between the 
grains. The major event during healing 
involves pore evolution.“ 

Submicrometer-sized  high-purity pow- 
ders were offered by Aremco Products, Inc., 
Ossining, N.Y. These powders include alu- 
minum, aluminum carbide, barium tita- 
nate, boron carbide, cobalt oxide, hafnium 
boride, manganese, silicon, silicon nitride, 
tantalum oxide, titanium nitride, tungsten 
diboride, vanadium diboride, and zirconium 
carbide.'* 

Coated-abrasives manufacturers intro- 
duced specialized products characterized by 
high-tensile, low- stretch, tear- resistant 
polyester cloth backing, an improved pheno- 
lic resin- modified bond system, and sharp 
shape classified aluminum oxide grain. The 
new abrasives are beginning to make sig- 
nificant inroads into paperbacked products 
for metal working. 

Zirconia alumina abrasives have had 
great impact on metal and woodworking 
industries. Used in grinding wheels and 
coated abrasives they have provided 50% to 
250% increases in productivity.“ 

Escalating production costs, new techno- 
logies, tightening air-pollution regulations, 
and changing market conditions are forcing 
changes in the U. S. abrasives industry. 
Abrasive makers are moving away from 
direct competition in several market areas; 
each firm is concentrating on those seg- 
ments of the market in which it holds 
strong technological or marketing 
advantages. 

The Carborundum Co. completed a new 
electric furnace for the production of fused 


1 Gupta, T. K. Crack Healing | and Strengthe 
Thermally Shocked Alumina. J. Am. Cer. Soc., v. 59, Ne. 8. 
6. May-June 1976, pp. 259-262. 

τ Metal Market and Metalworking News 
1976. 1976, 3 Purity Powders Offered. V. 83, No. 32, Feb. 16, 


Vl arsen, R. Polyester-Backed Abrasives Gain Ground 
on Paper-Backed Products. Am. Metal Market and 
Metalworking News, v. 83, No. 51, Mar. 15, 1976, p. 6. 
18Foundry Management & Technology. New Light on 
Crona Alumina Abrasives. V. 104, No. 5, May 1976, pp. 


19Larsen, R. Change Invades Abrasive Field. Am. Metal 
Market 1 e News, v. 83, No. 126, June 28, 
» Pp. 1, 
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aluminum oxide. The furnace has a capaci- 
ty of 50,000 tons per year and uses less 
electric power per ton of output. Ferrosili- 
con is bottom-tapped from the furnace.* 

Advanced ceramics are being used in 
industrial applications. Manufacturers of 
industrial and aircraft gas turbine engines 
are giving serious consideration to commer- 
cial applications as design factors are more 
well known. Advanced ceramics have high 
Strength at temperatures of 2,500°F and 
higher. They are extremely resistant to 
oxidation and corrosion at high tempera- 
tures. They have very low coefficients of 
thermal expansion. These materials resist 
mechanical and thermal shock almost as 
well as most superalloys and are 60% light- 
er. Special cooling is not required to main- 
tain high-temperature strength. * 
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Airless blast cleaning gives processors 
low-cost, environmentally clean options for 
a systems approach to surface preparation. 
White or near-white clean metal surfaces 
are being increasingly specified by design- 
ers, engineers, and architects. A single 
blast wheel powered by 25 to 30 horsepower 
will clean 15 square feet or more per 
minute. 


Larsen, R. New Carborundum Furnace To Hike Alum- 
inum Oxide Output, Cut Costs. Am. Metal Market and 
Metalworking News, v. 89, No. 126, June 28, 1976, p. 11. 

31]ron Age. Advanced Ceramics Compete for Industrial 
Jobs. V. 217, No. 18, May 8, 1976, pp. 51, 58. 

33Materials Engineering. Silicon Carbide Powder Per- 
mits Complex Shapes. Nonmetallic News. V. 84, No. 2, 
August 1976, p. 19. 

23[ron Age. Technology, Shot Blast Cleaning Heads in 
New Directions. V. 218, No. 7, Aug. 16, 1976, pp. 27-81. 


Table 12.—Producers of metallic abrasives in 1976 


: Product shot 
Company Location and/or grit 
CO: τα κο δν ολ West Hartford, Con l 
Abrasive Materials, Ine Hillsdale, Mick Steel and stainless 
steel cut wire 
Abrasive Metals Oo Pittsburgh, Ρα................---------------.-- Chilled iron and 
annealed iron 
The Carborundum Οο., P. rn Div Butler, fra... ; 
Cleveland Metal Abrasive co irmi AS 23 u A1 m u a Do. 
ö; x Le Su DZ Ed Cleveland, Ohio Do. 
J ⁰¹²; ͥ• . . κα σα Howell, Mich. hkk Chilled iron 
D6 ENA CHUPAN SN ACIES CUR όν. ingville, NC. Do. 
Do- due ecc EA ue oledo, Ohio Steel. 
Durastel Co... ..............-.-.-...-..-.. Mt. Pleasant, fran Do. 
Ervin Industries, Ine drian, Monnnhnknk -..-...-.-- ----. τό iron and 
stee 
Globe Steel Abrasive co Mansfield, Ohio ο... 
ann 
Metal Blast, Inca. Cleveland, Ohio Do 
National Metal Abrasive co %%% ³·ÜWwümiA mx NEC RR ]. 
Pellets, Inc ----------------- Tonowanda, N. _ ------ Steel and stainless 
steel cut wire. 
Steel Abrasives, Iinlnl e Hamilton, Ohio Chilled and 
annealed iron 
Wheelabrator-Frye Ine Mishakawa, Ind _________________ Steel. 


Table 13.—Crude artificial abrasives produced in the United States and Canada 
(Thousand short tons and thousand dollars) | 


Aluminum oxide (abrasive grade)! 
Valge Lo. uuu ee -A m mt und Lh 


1972 1978 1974 1975 1916 

166 162 163 184 159 
$24,690 $25,471 $33,872 $31,842 $45,953 
1 196 241 141 191 
$28,590 $21,339 $40,906 $28,968 $43,356 
ον 22 25 17 20 

ος $6,223 $9,839 $8,506 $11,383 

266 301 236 250 

$39,678 $49,775 $91,061 $72,864 $15,312 
585 646 790 528 620 
$92,958 $108,808 . $175,078 $141,580 — $176,064 


lFigures include material used for refractories and other nonabrasive purposes. 


*Shipments for U.S. plants only. 
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Table 14.—Production, shipments, and annual capacities of metallic abrasives in the 


United States, by product 
Manufactured Sold or used Annual 
Ee, c CC RR CU c . 1 
Year and product Quantity Value Quantity Value capacity 
(short (thou- (short (thou- short 
tons) sands) tons) sands) tons) 

1916: 
Chilled iron shot and grit __ ____________ 28,352 $5,539 84,904 $8,428 124,593 
Annealed iron shot and grit 23,961 5,086 25,010 7,004 49,640 
Steel shot and grit 178,211 46,338 175,620 56, 887 265, 650 
Other? ¹·ͥ¹·˙⁵Ü e Emme 543 455 583 595 2,400 
Tota] uz uuu zt 231,073 57,418 236, 117 72,864 442,283 

1976: 
Chilled iron shot and grit: 26,556 5,433 84,025 8,015 124,550 
Annealed iron shot and grit 21,109 4,598 21,688 5,699 52,540 
Steel shot and grit 188,717 48,125 193, 300 61,054 320, 670 
Other? ______________________ . 798 451 851 604 2,140 
Total c n nre . ME 237,180 58,607 249, 864 75,372 499,900 
1The total quan tity of the various types of metallic abrasives that a plant could have produced during the year, 
working alode d hour shifts per day, 7 days per week, allowing for usual interruptions, and assuming adequate fuel, labor, 

and transportation. 


Ancludes cut wire shot. 
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Aluminum 


By John W. Stamper: and Christine M. Monroe? 


World primary aluminum production in- 
creased about 3% during 1976 as producers 
restarted potlines idled in 1975. Stocks of 
primary aluminum held by members of the 
International Primary Aluminum Institute 
(IPAD, which represents the bulk of inven- 
tories held outside the centrally controlled 
economies, decreased about 2596 during 
1976. 

U.S. aluminum demand, as measured by 
net shipments of aluminum ingot and mill 
products to domestic industry, increased 


31% compared with the 1975 level. Total 
metal inventories held by the domestic 
industry at yearend 1976 were 6% lower 
than at the beginning of the year. 

Primary aluminum production capacity 
increased during the year in 16 countries, 
including Brazil, Ghana, India, Japan, New 
Zealand, and Taiwan. Additional pro- 
duction capacity was under consideration in 
3 Indonesia, Mexico, Trinidad, and the 
U. S. S. R. 


Table 1.—Salient aluminum statistics 
(Thousand short tons and thousand dollars) 


1972 1973 1974 1975 1976 
United States: 
i uction ................................... 4,122 4,529 4 879 251 
] . ALLE $2,084,946 440 $38,005,640 $2,976,427 $3,785,753 
Price: Ingot, average cents per pound ο... 26.3 25.8 34.1 39.8 44.6 
Secondary recovery _ 946 1,040 998 980 1,155 
(crude and semicrude __ cl. 829 561 524 1440 484 
Imports for consumption (crude and semicrude) _ 794 614 629 550 749 
Aluminum industry shipments" .---------- 5,144 6,873 6,394 4,555 5,958 
apparent 926 6,825 5,428 8,904 5,118 
World: Production ........._----------- 12,133 13,364 714,516 718,952 18,774 
"Revised. 
iTo domestic industry. 
3Not comparable to previous years. See table 6 for derivation. 
Legislation and Government  Pro- 
grams.—The shipment of 9,181 tons of i 
primary aluminum from government inven- ἰδδ-------------------------- sar pes 
tories during 1976 under the aluminum 1967___ στ. O lC 61,599 
disposal program that became effective 1959 180005 
November 93, 1965, brought the total ship- 1970... ..............--...---- 24,261 
ped under the program to almost 1.9 million 1812 - — 6138 
tons. From December 1, 1965 to December Ia -------------------------- H "dod 
81, 1976, shipments of primary aluminum 19755... .-------------------- i 
by the General Services Administration | 1976-------------------------- 3,181 
were 88 follows, in short tons: I!! 1,876,151 
s pysical scientist, Division of Nonferrous Motala. 
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DOMESTIC PRODUCTION 


Primary.—Primary aluminum produc- 
tion increased about 1095 during 1976 to 
4,251,895 tons, compared with 3,879,146 tons 
in 1975. Primary producers restarted pot- 
lines idled in 1975 due to decreased demand 
and by yearend 1976 smelters were operat- 
ing at 90% of rated capacity compared with 
74% at yearend 1975. 

Domestic primary aluminum production 
capacity increased slightly from that of 
1975 to 5,193,000 tons per year. The Alumi- 
num Company of America (Alcoa) began 
production at its 15,000-ton-per-year Pales- 
tine, Tex., facility. The smelter used an 
experimental process based on the electroly- 
sis of aluminum chloride and reportedly 
used 4.2 kilowatt-hours per pound of alumi- 
num produced, compared with 6.0-7.0 
kilowatt-hours per pound of aluminum pro- 
duced in the most efficient Hall-type cells, 
and with an industry average of about 8 
kilowatt-hours per pound. 

Noranda Aluminum, Inc., a subsidiary of 
Noranda Mines, Ltd., completed the expan- 
sion of its New Madrid, Mo., smelter to 
140,000 tons per year. 

Alcoa announced that it was studying the 
feasibility of an additional potline at its 
Alcoa, Tenn., smelter. The issuance of rev- 
enue bonds to finance pollution control 
equipment for the expansion was authoriz- 
ed by the Blount County Industrial Develop- 
ment Board. 

Alcoa agreed to supply Texas Power & 
Light Co. with lignite for a generating plant 
that the power company will build to supply 
power to Alcoa's 285,000-ton-per-year smel- 
ter at Rockdale, Tex. 

Anaconda Aluminum Co. was licensed to 
use the Alcoa dry-scrubbing process for 
control of fluoride emissions at Anaconda's 
Columbia Falls, Mont., smelter. 

Kaiser Aluminum & Chemical Corp. sign- 
ed contracts with Devon Corp. and Eason 
Oil Co. to determine the extent of gas 
reserves in the vicinity of Kaiser's 163,000- 
ton-per-year primary smelter at Rav- 
enswood, W.Va. The smelter could be 
expanded by 50,000 tons per year if long- 
term power were available. 

Martin Marietta Aluminum Inc. began 
modernization and technological improve- 
ment at its Goldendale, Wash., and The 
Dalles, Oreg., smelters. Emission controls 


and solid-state electric power rectification 
equipment were installed to increase oper- 
ating efficiency of the plants. 

The Bonneville Power Administration 
(BPA) sent notices of insufficiency to its 
industrial users stating that there would 
not be enough generating capacity to meet 
projected demand by the early 1980's. If this 
occurs electric power from ΒΡΑ reportedly 
would not be able to provide sufficient 
power to aluminum producers after their 
current contracts expire. The contracts of 
the six primary aluminum producers in the 
Pacific Northwest expire between 1984 and 
1988. 

Secondary.—Recovery of secondary 
aluminum-base scrap, calculated from re- 
ports to the Bureau of Mines, was 1,155,018 
tons, 18% higher than the quantity recove- 
rod in 1975. Calculated recovery of all 
metallic constituents from aluminum-base 
scrap in 1976 increased 18% compared with 
the 1975 level. 

The Bureau estimated that full coverage 
of the industry would indicate a total scrap 
consumption of 1,741,000 tons in 1976. On 
this basis, aluminum recovery would total 
1,371,000 tons and total metallic recovery 
would be 1,471,000 tons. 

Hall Aluminum Co. installed a 150,000- 
pound capacity aluminum refining furnace 
at its Chicago Heights, Ill. smelter, increas- 
ing the facility's aluminum-melting capaci- 
ty to 40,000 tons per year. Keystone Georgia 
Metal Co. began production at its Greensbo- 
ro, Ga., secondary aluminum smelter which 
was converted from a copper-scrap-process- 
ing plant. Texas Reduction Corp. reportedly 
began production at its new secondary alu- 
minum smelter in Houston, Tex. The $1.7 
million plant had a capacity of 22,000 tons 
per year. Alcan Aluminium Ltd. purchased 
5096 interest in International Alloys, Inc., 
which operated a 14,000-ton-per-year secon- 
dary smelter in Joliet, Ill. Alcoa began 
operations at its 4,200-ton-per-year recyc- 
ling facility for aluminum cans in Houston, 
Tex. American Can Co. announced that its 
subsidiary, U.S. Reduction Co., planned to 
build a $2 million plant in Anniston, Ala., to 
recover aluminum from scrapped auto- 
mobiles. 

A municipal-waste-processing plant be- 
gan operations in New Orleans, La. Month- 


. ALUMINUM 


ly output of the facility reportedly would be 
1,200 tons of steel and glass, 520 tons of 
copper, 94 tons of aluminum, and other 
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At full capacity the $6.5 million recovery 
plant was expected to process 650 tons of 
waste per day at a projected cost of $11 per 
ton. 


metals such as brass, tin, zinc, and copper. 


Table 2.—Consumption of and recovery from purchased new 
and old aluminum scrap in 1976: 


(Short tons) 
Calculated recovery 
Class Consumpti 
dd Aluminum Metallic 
Secondary smelters ____.__._______________ 158,992 598,765 
Primary producers ,190 814,248 836,713 
Fabricators _  _ _ _ -. 121,212 07,506 114,818 
C/ôõÜ˙9a ĩ⅛˙:m]ʃ K mt μμ... 907 86, 458 92,607 
Chemical uceeeerss ħħħħițħțħțħ 120, 161 46,189 48,687 
Total ο ος σι T. Sus 1,465,462 1,158,116 1,288,414 
Estimated full industry coveragagagagee 1,741,000 1,371,000 1,471,000 
1Excludes recovery from other than aluminum-base scrap. 
Table 3.—Aluminum recovered from purchased scrap processed in the 
United States, by kind of scrap and form of recovery 
(Short tons) 
Kind of scrap 1975 1976 Form of recovery 1975 1976 
New scrap: Unalloyed ___ 4,519 
Al um- base 1696698 2813, 907 Aluminum alloy 314, 523 1 080.300 
Copper basses 66 83 In brass and bron :e 77 77 
ä Ho * BEZEL B x 
um base magnesium alloys . ----- 
Dissipative form? 59,784 71.202 
Totàl nnnm 697,114 814,368 TOU): ος —— 980,840 1,155,018 
Old scrap: 
Aluminum base 1282,044 239, 209 
Per 45 65 
ni ue La UU e 859 1,070 
Magnesium- base 278 306 
%% weet 283,226 840,650 
Grand total . ---- 980,840 1,155,018 
! Aluminum recovered from aluminum-base scrap in 1975, meuding al all constituents, were 742,993 tons from 
5 2 tons from old scrap and sweated pig, a total of 1,048,875 tons 


YU recovered from aluminum-bese scrap in 1976, including all constituents, were 868,301 tons from 
jew scrap and 970, 18 tons from old scrap and sweated pig, a of 1,238,414 tons. 
3Includes recovery in deoxidizing ingot assuming 85% aluminum content in such ingot. 
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Table 4.—Stocks, Dairy and consumption of purchased new and old aluminum scrap 
and sweated pig in the United States in 1976: 


(Short tons) 
Class of consumer and type of scrap oa 17 ώς . p sti 
smelters: 
N25 05 and cli 15,887 229,819 230,629 14,577 
ppings oe —. eee , 
and turnings ........΄------------------------------ 8,887 134,815 7,198 
ie pa z Poma ois heu cimo wap bp an 449 is D EU 141 
em sm c ee 663 Í i 869 
Total new scrap ..........---------.-----------------------------.-- 81,151 519,599 518,017 82,788 
!. 12.850 119,618 120,788 11,185 
Aluminum cans____.___--_-------------- 664 8,017 8,171 510 
0%; ²˙ovA md 8 1,827 82,450 29,915 4,362 
Total old scrap ................---------------------------------- 14,841 160,085 158,869 16,057 
Sweated pig o ee 2 eke 20,760 90,885 82,106 29,589 
Total all classes 66,752 770, 569 758,992 78,829 
5 foundries, fabricators, 
and plants: 
New scrap: 
Solids and clippings ---- 43,802 1, 849,911 45,468 
Borings and turnings ....-----.-------------------------- 6 Leale 8276 : m 
Dross and aximminggzꝝgz !“ 2,010 108, 104,408 1,428 
J 8 81 61,712 60,828 1,698 
Total new c rrassʒss-ꝰ”-- l l i a 47,512 539,867 536,902 49,977 
1 sheet, and clippi 967 85,514 85 
ppings ---------------- ; 
Aluminum can 6,791 98,048 00,685 4,199 
J ³ dd τοις ĩͤ m ays 16,889 6, 
Total old crrasss-zzz 8,391 149,946 152,37 5,966 
Swea ο. JJ. ⁵ĩͤ NS 8 1,148 17,218 97 
Total all classes 57,051 706,591 706,470 57,172 
T of all scrap consumed: 
ew : 
Solids and clippings . _ -- 59,189 581,896 580,540 60,045 
. spec ORE 8 11.500 151,888 1309 
Dross and skimmings ____________________- 8,275 238,916 230,875 11,376 
i as Ns et 8 1,477 86,156 85,066 
Total new scrap -.......-------------------------------------- 18,668 1,058,966 1,054,919 82,710 
1 sheet, and clippings 18,817 155,182 1 12,567 
Alumin iators _________________ 16,059 3,88 
Aluminum ς8Π8..................------------------------------------ 106,060 1 4,709 
JJ. T C 1.578 29,781 80,498 
Total old scrap ..........--.--------.---------------------------- 232 810,081 811,240 22,028 
) κκ TUM URN sss 21,908 108,1 99,303 80,768 
Total all classes |... --.----------------------- 123,808 1,477,160 1,465,462 185,501 
!Includes imported reporting companies reported: that 6 62% of ftal reo of aluminum-base scrap, or 
97,808 short tons, was received on ts. m 
Ancludes inventory adjustment. 


*Includes data on aluminum-copper radiators. 
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Table 5.—Production and shipments of secondary aluminum alloys 


!Gross weight, incl 


copper, silicon, and 
of aluminum in 1 Band 1 and 1976, respectively, in 


by independent smelters 
(Short tons) 
19752 19762 
Production Shipments Production Shipments 
. δι 9, etc. (0. 6% Cu, maximum) _________ 55,868 49,204 738,323 71,595 
ο πο οκ αμα 282,054 ,568 815,983 2,804 
); 8 W w w w 
95/5 i, 856, etc. (0. 6% Cu, maximum). — 19,401 18,887 045 20,202 
Νο. 12 and variations 2,408 12,196 8,179 8,219 
Νο. 319 and variations ,982 459 44,053 43,642 
F-182 alloy and variations 18,607 18,777 15,163 15,047 
Ilog tee sr to 1,595 1,495 1,260 1,154 
Alsi ee to20% Ga) 2222777777777 1219 1:900 po 14425 
Al. Cu 1.5% Si, maximum) ____________ 4.667 4.888 3.970 3,990 
σι nlsi W W W W 
Wrought alloys: Extrusion | s c 5 δι 49596 59254 59245 
and other uses: Steel deonidation. , , 
Gradesland2 Sens 17,474 18,767 21,941 26,818 
GredeSand4 oe ο ώς κος 8, 2,189 2,182 
Pure (97.0% A))))j j 4,517 630 1,685 2,250 
Aluminum base hardeners ........... -...-.-.-. -- -. -.-- -- -.. 2,954 8,021 2,763 2,952 
J DL ͤ 21,088 26,471 20,675 20,218 
Pf es 547,619 538,745 677,079 671,593 
5 W Withheld to avoid disclosing individual company confidential data; included in the Miscellaneous, 


oier alloying ο NEMMITR used 16,902 and 20,700 tons 
producing alloys. 


uminum-base 


ο nada Ra απο κα 


*Includes data withheld. 


CONSUMPTION 


The Bureau of Mines estimate of ap- 
parent aluminum consumption in end 
products such as automobiles, cans, air- 
conditioning equipment, and residential sid- 
ing, as shown in table 6, increased 3196 
compared with that of 1975. 

Domestic consumption as measured by 
net shipments of aluminum ingot and mill 
products to domestic industry also was 3196 
higher than the 1975 level. Shipments to 
the building and construction industry, the 
largest user of aluminum, increased 3196 
from the 1975 level. The containers and 
packaging industry was the second largest 
user of aluminum, with shipments totaling 
1,285,000 tons, 28% higher than the 1975 


level. Transportation applications increased 
44% and shipments to electrical markets 
increased 9% compared with those of 1975. 

The average quantity of aluminum used 
in 1976 model automobiles was about 87 
pounds per unit compared with 84.2 pounds 
per unit in 1975. Estimates indicated that 
approximately 100 pounds would be requir- 
ed per unit in 1977 models. 

Shipments of aluminum sheet to can 
producers increased during the year and 
aluminum was reportedly used for about 
28% of the metal cans produced in 1976, 
— with about 25% of the market in 
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Table 6.—Apparent aluminum supply and consumption in the United States 


(Thousand short tons) 
1972 1978 1974 1975 1916 
Primary production _ ~~~. - 4,122 4,529 4,903 8,879 4,251 
in stocks 

uminum industry .......------------------------------ +83 248 5 -421 +184 
ο ο dE TID 6 +780 +511 +2 +9 
Importe — 794 614 6 749 
Νοκ —A—€——— H— € 876 977 978 905 1,062 
Old crap o- mre 250 265 804 834 409 
. Total supply ~~~ ~~. 6,131 7,363 6,930 5,249 6,664 
Less total exports __ 2222222222 329 561 524 440 484 

A t aluminum su available 
for domestic man . 5,802 6,802 6,406 4,809 6,180 
Apparent consumption * ns 4,926 5,825 5,428 8,904 5,118 


Positive figure indicates a decrease in stocks, negative figure indicates an increase in stocks. 
3Metallic recovery from purchased, tolled, or imported new and old aluminum scrap expanded for full industry 


coverage. 
3 Apparent aluminum su available for domestic manufacturing less recovery from purchased new scrap (a measure 
of consumption in — tind end products). 


Table 7.—Distribution of end use shipments of aluminum products 


1975 1976 
Industry tity Ἕνας ; tity Percent 
short tons) total short tons) total 

Building and construction... 22. .--- 71,124 22.6 1,478 28.2 
ELE mo ou gm o 
Electrical _________-___----------_- 12.2 664 104 
— — Eo 32 4 

ery pent ounce new T : 
Other market aaa 262 6.8 906 4.8 
Statistical adjustment __ - 2-22 -..-..-. τρ 1 23 4 
Total to domestic users 4,555 91.8 5,958 93.4 
Z ees κος κκ ως TIMES 409 421 6.6 
δα 252 πω άσε CLA ue Lc 4,964 100.0 6,874 100.0 

"Revised. 


Source: The Aluminum Association, Inc. 
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Table 8.—Net shipments of aluminum wrought! and cast products by producers 


(Short tons) 
1915: 1916 
Wrought products: 
plate, and foi] ..............--΄΄΄΄---.---..---΄--.................. 1 8,178,127 
Rolled and continuous cast rod and bar; wire NU X 2 
CC ˙5öà drawn and welded 
tubing and = structural ahapeꝝan u -.-- -.-..-.-..-. -..... -.... -..-.. -. 821,481 HS 
Forgings (including impact ZIZI 48,571 50,108 
ολ. βαρος u I Z usu E 8,713,216 4,857,757 
Castings: 
CIN at a ts MEAE νο 98, 109,824 
Permanent mold _______________________ „„ 148,698 188,678 
Fe Pe ω αλ ee Nd ꝓmmDmm m q) ¾ . 8 433,144 
Othon oe Due a ð⅛ e e yd EET LE 12,218 18,848 
„ P ρου σπα 687,726 922,590 
Gi «˙ u u a ee εν μας 4,401,002 5,780,847 
TRevised. 


1Net shipments derived by subtracting the sum of ucers’ domestic receipts of each mill shape from the domestic 
Μο e gram Rice nt of Det chara. prod d E 


Source: U.8. Department of Commerce. 


Table 9.—Distribution of wrought products 


(Percent) 
1975 1976 
Sheet, plate, and foil: 
Non-heat-treatable Enc D T UE a CL IE A 8 51.5 54.4 
Heat-treatable uu ομως m ß S er ge pias nee a d 2 
Rolled and continuous-cast rod and bar; wire: = — 2. | | 
,, ß e ukukus i ον 8.4 8.7 
Cable and insulated wire 9.1 6.4 
Extruded products: 
Rod and bar —— ß ß e epi Li D er 9 7 
eee, ß ß , e CL I 1.8 2.0 
Shap ũ ũ ο μον ο ναι ea 17.7 17.4 
W JJ ⁵ð LE ⁰ d ĩð2i a EA EE 9 1.0 
Welded, non-heat-treatabbtee nn 8 1.0 
and paste -< d p λα s= 1.3 1.4 
Forgings (including impacts) )))0ꝰ! 1.3 1.0 
TO(8l ο d λάκκο ως ο κά νο σας 100.0 100.0 


1Includes a small amount of rolled structural shapes. 
Ancludes a small amount of heat-treatable welded d tube. 


Source: U.S. Department of Commerce. 
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STOCKS 


Metal inventories held at reduction and 
other processing plants as reported by the 
U.S. Department of Commerce, Bureau of 


Domestic Commerce (BDC), decreased 6% 
from 2,999,354 tons (revised) at yearend 
1975 to 2,815,324 tons at yearend 1976. 


The price of 99.5% pure aluminum ingot 
as quoted by the American Metal Market 
increased from 41.0 cents per pound at the 
beginning of 1976 to 44.0 cents per pound on 
June 1. The price increased an additional 
4.0 cents per pound to 48.0 cents per pound 
on August 13, and remained at that level 


through yearend. 
Prices quoted by the American Metal 


Market for smelters’ secondary aluminum 
alloys increased from a range of 40.5 to 50.0 
cents per pound at the beginning of 1976 to 
51.0 to 59.0 cents per pound at yearend. 

Prices quoted by the American Metal 
Market for smelters’ scrap aluminum in- 
creased from a range of 12.0 to 20.0 cents 
per pound on January 2 to a range of 22.0 to 
30.0 cents per pound on December 30. 


FOREIGN TRADE 


Exports of crude and semicrude alumi- 
num metal including scrap increased 10% 
compared with the 1975 level. Exports of 
aluminum ingot decreased during the year 
but were offset by a marked increase in 
exports of scrap. The People’s Republic of 
China received 27%, or 41,170 short tons, of 
aluminum ingot. Other major recipients of 
ingot included Japan, Canada, Mexico, and 
Taiwan. Japan received 60% of the scrap 


exports during the year. 

U.S. imports for consumption of crude 
and semicrude aluminum including scrap 
increased 36% to 748,624 short tons compar- 
ed with 550,279 tons in 1975. Canada sup- 
plied 66% of crude metal and alloys and 
Ghana supplied 16%. Imports of scrap in- 


creased sharply during the year; the major 


sources of scrap were Canada (4790) and the 
U.S.S.R. (38%). 


Table 10.—U.S. exports of aluminum, by class 


1975 1976 

Quanti Value Quanti Value 

t, (thou- eet, (thou- 

tons) sands) tons) sands) 
185,850 2135 pepe $118,644 
171,008 228,684 208,843 261,759 
5,008 18,818 §,611 21,232 
11,018 25,598 81,016 
7489,816 T496,923 483,715 495,896 
11,604 24,185 14,785 31,921 
3,460 §,434 8, 11,445 
24,416 35,329 28,419 32,576 
89,480 64,948 49,644 15,942 
1479, 296 1501, 271 588,359 511,838 
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Table 12.—U.S. imports for consumption of aluminum, by class 


1915 1976 

Class Quantity Value Quantity Value 

(short (thou- (short (thou- 

tons) sands) tons) sands) 
ο πὰ 434,119 $316,873 575,350 0 
Circles and diss 2 21l 5,246 6,018 8,475 10,166 

Plates,sheets, etc., n. 48,163 I ,042 

Rods and bars ..........................-.-----..------------΄-΄-΄ 6,903 8,474 11,563 14,563 

Pipes, tubes, etc e 2 442 ᾽ j 
ο A re ee 54,806 ,586 85,714 46,166 
πο u 8 550,279 409,588 748,624 582,048 

Man 

Ful i ec ο ο 1 1,115 4,924 14,895 
ΛΑ 5 319 see 89 iM 
Wire -l 752 882 928 1,180 
Total_____________________________ 8,301 9,040 6,187 16,190 
Grand total _________________________ 558,580 418,578 754,161 598,288 
square 


11975—Aluminum FV 582,500 leaves, and aluminum leaf over 30.25 
inches in area, 87,653,153 square inches; 1976—aluminum leaf not over 30.25 square inches in area, 1,401,194 leaves, and 
80.25 square inches in area, 42,803,390 square inches. 
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WORLD REVIEW 


World primary aluminum production in 
1976 increased 3% compared with the 1975 
level as primary smelters restarted potlines 
that had been shut down in 1975 due to 
decreased demand. Stocks held by primary 
producers decreased steadily during the 
year. 

Expansions of production capacity were 
completed in Brazil, Ghana, India, Japan, 
New Zealand, and Taiwan. Construction of 
additional smelting capacity was underway 
in Australia, Norway, Spain, Venezuela, 
and Yugoslavia. Plans for new primary 
aluminum reduction facilities were under 
consideration in Algeria, Brazil, Costa Rica, 
Dubai, Guyana, Iceland, Indonesia, Libya, 
Mexico, Paraguay, Saudi Arabia, Trinidad, 
and the U.S.S.R. Some projects in Australia, 
India, and Japan were postponed indefinite- 
ly. 

Algeria.—The Soviet Union agreed to 
help finance the 154,000-ton-per-year pri- 
mary aluminum smelter to be built near 
M’sila. Production at the $400 million facil- 
ity was scheduled to begin in 1982. A 600- 
megawatt power station, technical assis- 
tance, and port improvements at Bejaia 
were included in the agreement. Alumina 
would be imported from Guinea and Jamai- 
ca. 

Australia.—Comalco Ltd. postponed in- 
definitely plans for a 353,000-ton-per-year 
smelter at Gladstone, Queensland due to 
decreased demand and high construction 
costs. The company resumed work on a new 
potline at its Bell Bay, Tasmania smelter. 
Upon its scheduled completion in 1977, 
capacity of the facility would be 126,000 
tons per year. 

Bahrain.—Western Metals Corp. and 
Amalgamated Metals Corp. sold their share 
in Aluminium Bahrain Ltd., which opera- 
ted a 132,000-ton-per-year smelter. Owner- 
Ship of the facility at yearend included the 
Government of Bahrain (78%), Kaiser Alu- 
minum & Chemical Corp. (1796), and Breton 
Investments (560). 

Brazil.—Cia. Vale do Rio Doce (CVRD) 
and the Light Metal Smelters Association 
(LMSA) announced an agreement to build a 
850,000-ton-per-year primary aluminum 
smelter at Belem. The facility, which would 
be based on bauxite from the Trombetas 
project, would use hydroelectric power from 


the Tocantinas River. Japanese members of 


the consortium agreed to supply about $600 
million of the estimated $1.3 billion cost of 


the project. 

Reynolds International, Inc. and CVRD 
formed a new aluminum company, Vale do 
Sul Aluminio, S. A. (Valesul), to build an 
88,000-ton-per-year smelter at Sepetiba Bay 
near Rio de Janeiro. The $250 million pro- 
ject was scheduled to begin production in 
1979. Alumina would be supplied by Rey- 
nolds until the Alunorte bauxite-alumina 
project was completed. 

Alcan Alumínio do Brasil, S.A. announc- 
ed plans to expand its 35,000-ton-per-year 
smelter at Saramenha to 66,000 tons per 
year by 1980. Companhia Mineira de Al- 
umínio doubled the capacity at Pocos de 
Caldas to 66,000 tons per year and 
announced plans to further expand the 
plant to 99,000 tons per year. Alumínio do 
Brasil Nordeste, S.A., completed the expan- 
sion of its Aratü smelter to 31,000 tons per 
year. 

Cameroon.—The Government of Came- 
roon announced that within the next 5 
years development of bauxite deposits 
would start, the construction of an alumina 
refinery would be underway, and the trip- 
ling of the 61,000-ton-per-year primary al- 
uminum smelter at Edea would be comple- 
ted. 

Canada.—Alcan Aluminium Ltd. pri- 
mary aluminum smelters at Arvida, Que- 
bec; Isle Maligne, Quebec; Beauharnois, 
Quebec; and Kitimat, British Columbia; we- 
re closed on June 3, 1976, due to a strike, 
and metal froze in the pots at the three 
Quebec smelters. Production was resumed 
later in the month at the Kitimat facility. A 
settlement between the company and the 
Federation des Syndicats du Secteur Alumi- 
nium (FSSA) in Quebec was reached Nov- 
ember 14. Full production at the smelters 
was not expected until early 1977. 

A strike occurred at the Alcan smelter at 
Shawinigan Falls, Quebec, in November, 
closing that plant through yearend. 

Alcan announced plans to build a 200,000- 
ton-per-year smelter at Port Alfred, Quebec, 
where a 2,500-acre site was purchased in 
1975. Design and engineering work was 
underway. 

The Quebec Government announced 
plans to increase the fee charged private 
firms for use of public water resources used 
to generate hydroelectric power. 

Costa Rica.—The National Aluminum 
Commission sought partners for a 100, 000. 
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to 300,000-ton-per-year aluminum smelter 
to be built in Boruca. The project included a 
hydroelectric plant as well as the related 
infrastructure. Alcan, Kaiser, Alumar, Inc., 
and Martin Marietta Aluminum, Inc., have 
reportedly expressed interest in the $12 


project. 

Dubai.—The Government of Dubai and 
an international group of banks arranged a 
$200 million loan to help finance a proposed 
182,000-ton-per-year smelter at Jebel Ali. 
British Smelter Construction would build 
the facility. Initial production was schedul- 
ed for 1979 with full capacity production 
Scheduled for 1981. Southwire Corp. and 
Nissho Iwai Co. signed 12-year contracts to 
buy 8096 of the aluminum production. Own- 
ership of the facility consisted of the Gov- 
ernment of Dubai (80%), Southwire Corp. 
(7.5%), Nissho Iwai (7.5%), and local inter- 
ests (5%). 

France.—The Government of France lift- 
ed price controls on domestic primary alum- 
inum ingot at the beginning of May. Pechi- 
ney Ugine Kuhlmann increased the price of 
99.5% purity ingot from 43.4 cents per 
pound to 45.6 cents per pound, and in July 
increased the price to 48.7 cents per pound, 
where it remained at yearend. 

Germany, West.—Hamburger Alumin- 
ium-Werke G.m.b.H. announced that its 
110,000-ton-per-year aluminum reduction 
facility in Hamburg operated at 100% of its 
rated capacity during the year. The smelter 
had operated at two-thirds of capacity since 
startup in 1973 due to various court actions 
involving environmental issues. 

Swiss Aluminium Ltd. 
purchased the remaining 5096 equity share 
in Leichtmetall G.m.b.H. from Metall- 
gesellschaft A.G. Leichtmetall operated a 
143,000-ton-per-year smelter at Essen. 

Ghana.— Volta Aluminium Co. Ltd. com- 
pleted expansion of the Tema smelter to 
220,000 tons per year. Kaiser owned 90% of 
the facility, and Reynolds owned 10%. 

Guyana.—Plans for a 165,000- to 240,000- 
ton-per-year smelter were under consider- 
ation. Power for the facility would be sup- 
plied by a 600- to 1,000- megawatt hy- 
droelectric project on the Upper Mazaruni 
River. Production was scheduled for 1982. 

Hungary.—The primary aluminum smel- 
ter and alumina refinery at Ajka were 
scheduled to be modernized between 1976 
and 1980. 

Iceland.—The Government of Iceland 
and Norsk Hydro A/S announced that preli- 
minary studies were underway for a 
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110,000-ton-per-year smelter to be located in 
Eyjafjordur. The facility, to be based on 
geothermal power, was scheduled to come 
onstream in 1982. 

India.—The ban on exports of primary 
aluminum was lifted due to decreased do- 
mestic consumption. During the fiscal year 
1975-76, 15,000 tons of commercial grade 
metal were exported. 

Bharat Aluminium Co. completed the 
expansion program at its Korba, Madhya 
Pradesh smelter, increasing the capacity of 
the facility to 55,000 tons per year. Power 
availability will determine whether expan- 
sion of the plant to 110,000 tons per year is 
feasible. 

Indian Aluminium Co. Ltd. (Indal) in- 
creased the capacity of its Belgaum smelter 
to 83,000 tons per year. However, power 
shortages at yearend forced a 50% decrease 
in the plant’s operating rate. The Indal 
smelter at Hirakud also experienced power 
shortages. 

Hindustan Aluminium Co. announced 
plans to expand its primary smelter at 
Renukoot, Uttar Pradesh, by 27,000 tons 


per year. 

The Indian Planning Commission post- 
poned indefinitely plans for the 55,000-ton- 
per-year aluminum reduction facility at 
Ratnigiri, Maharashtra. 

Indonesia.—The Governments of Indone- 
sia and Japan agreed to lend Indonesia 
Asahan Aluminium Co. $87.5 million for 
equipment for the Asahan aluminum pro- 
ject. Production was scheduled for 1981 with 
an initial capacity of 83,000 tons per year. 
Expansion to 250,000 tons per year was 
planned. 

Iran.—A second primary aluminum smel- 
ter to be built in conjunction with India and 
the U.S.S.R. was under consideration. 

Italy.—The State corporation Ente Parti- 
cipazione Finanziamento Industria Mani- 
fattura (EFIM) announced that Alumetal 
S.p.A. would gradually phase out pro- 
duction at its primary smelters in Mori and 
Bolzano. Planned expansion of Alumetal's 
Fusina smelter was expected to compensate 
for the phased-out production capacity. So- 
cietá Alluminio Veneto per Azioni (SAVA) 
reportedly would phase out its smelter at 
Porto Marghera. 

Japan.—Sumikei Aluminium Co. com- 
pleted construction of a 50 ,000-ton-per-year 
primary aluminum smelter in Sakata, but 
production startup was indefi- 
nitely. The facility is owned 45% by 
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Sumitomo Light Metal Industries, 2096 
each by Sumitomo Metal Industries, Ltd., 
and Sumitomo Chemical Co. Ltd., and 596 
each by Sumitomo Bank, Sumitomo 
Shintaku, and Sumitomo Shoji Co. 

Mitsui Aluminium Co. Ltd. brought its 
23,000-ton-per-year expansion at Omuta, 
Miike onstream at yearend. Furukawa Alu- 
minium Co. Ltd. postponed indefinitely 
plans for a 77,000-ton-per-year primary alu- 
minum smelter in Mikuni, Fukui Pre- 
fecture. Mitsubishi Chemical Industries, 
Ltd. formed a new group, Mitsubishi Light 
Metal Industry, to handle primary alumi- 
num production and sales. 

Showa Light Metal Co., which was owned 
50% by Showa Denko K.K. and 50% by the 
Fuyo group, took over management of the 
Chiba smelter in October and reportedly 
was to begin management of the Omachi 
and Kitikata aluminum reduction facilities 
in early 1977. 

Libya.—The Government of Libya contin- 
ued to discuss plans for an aluminum smel- 
ter with the Government of Yugoslavia 
which would have a 30% to 40% equity 
share in the project. 

Mexico.—Alcan Project Services signed 
an agreement with Jalumex S.A. de C.V. to 
undertake a feasibility study for a 165,000- 
ton-per-year primary smelter. Alumina 
would be supplied from a planned alumina 
refinery at Manchester, Jamaica. 

Netherlands.—Billiton N.V. withdrew 
from Holland Aluminium N.V., which op- 
erated a 106,000-ton-per-year smelter at 
Delfzijl. 

New Zealand.—New Zealand Aluminium 
Smelters Ltd. began production in its new 
42,000-ton-per-year potline at the Bluff 
smelter. Total capacity of the plant was 
165,000 tons per year. 

Norway.—Expansion of the Lista Alumi- 
niumverk A/S (Elkem) primary aluminum 
plant at Lista to 90,000 tons was completed. 
A/S Ardal og Sunndal Verk (ASV) an- 
nounced plans to complete expansion of its 
Ardal smelter to 203, 000 tons per year by 
1978. ASV also planned to build an alumi- 
num foundry at the Hoyanger aluminum 
facilities with startup scheduled for 1979. 

Paraguay.—Reynolds Metals Co. an- 
nounced that it was considering partici- 
pation in a 110,000-ton-per-year primary 
aluminum smelter. The $500 million pro- 
ject would use power from the Itaipu hy- 
droelectric project and Reynolds would sup- 
ply alumina. 

Saudi Arabia.—Plans for a 220,000-ton- 
per-year smelter to be built at either Yambo 
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or Jubail were included in the next 5-year 
plan. 

Spain.—Aluminio de Galicia, 8.A. (Aluga- 
sa), announced plans to expand primary 
aluminum production capacity at its La 
Coruña facility to 105,000 tons per year. 

Construction of the San Cipriano alumi- 
num smelter continued and Aluminium 
Pechiney signed agreements with Aluminio 
Español, S.A. to provide technical assis- 
tance for the project. Production at the 
176,000-ton-per-year facility was scheduled 
to start in 1979. 

Sweden.—The Ministry of Industry decid- 
ed not to participate with Granges Alumi- 
nium A/B in the planned expansion of the 
Sundsvall smelter, resulting in postpone- 
ment of the project. 

Taiwan.—Taiwan Aluminium Corp. 
completed the expansion program at its 
Kaohsiung facility. The complex was ex- 
pected to reach full capacity production of 
75,000 tons per year by yearend. 

Trinidad.—The Governments of Trinidad, 
Jamaica, and Guyana awarded Kaiser Alu- 
minum & Chemical Corp. a contract to 
undertake a feasibility study for an 83,000- 
ton-per-year smelter in Trinidad. Jamaica 
and Guyana would each own 88% of the 
$165 million facility and would supply baux- 
ite for the alumina refinery. Trinidad would 
own the remaining 34% and would supply 
natural gas. Plans called for eventual ex- 
pansion to 193,000-ton-per-year capacity. 

Turkey.—The U.S.S.R. undertook a feasi- 
bility study for the expansion of the Sey- 
diseher aluminum complex. In addition to 
supplying technical assistance, the U.S.S.R. 
earmarked $50 million of a $1.2 billion loan 
to the Turkish Government for the expan- 
sion project. 

U.S.S.R.—Pechiney Ugine Kuhlmann 
signed an agreement with the Soviet Union 
to build a 1.1 million ton-per-year alumina 
refinery in Siberia and also reached agree- 
ment to negotiate terms for a 550,000-ton- 
per-year smelter in Sayona-Sushenskaya. 

Gerald Metals and Derby & Co. of the 
United Kingdom signed agreements with 
the Soviet Union to purchase about 30,000 
tons each of primary aluminum ingot. 

United Kingdom.—Kaiser Aluminum & 
Chemical Corp. announced plans to expand 
the Anglesey Aluminium Ltd. smelter at 
Holyhead by 55,000 tons per year. 

The British Aluminium Co. smelter at 
Invergordon lost 6,000 to 8,000 tons of pri- 
mary aluminum production due to a fire in 
the electrical rectifier. 


ALUMINUM 


Venezuela.—New Venalum, comprised of 
Corporacion Venezolana de Guayana (8090) 
and a Japanese consortium consisting of 
Sumitomo Metal Mining Co. Ltd., Mitsub- 
ishi Metal Corp., Kobe Steel Co., Marubeni 
Corp., and Showa Denko K. K., contracted to 
purchase 1 million tons of alumina over the 
next 5 years from Surinam through Monta- 
nore BV and from Jamaica through Rey- 
nolds Metals Co. The alumina would supply 
the 77,000-ton-per-year New Venalum smel- 
ter which was under construction at San 
Felix. 

Yugoslavia.—The U.S.S.R. was awarded 
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a contract to supply equipment and mate- 
rials for the expansion of the Titograd 
smelter to 110,000 tons per year. Banque de 
Paris et des Pays-Bas agreed to provide the 
financing and Pechiney Ugine Kuhlmann 
would provide technical assistance. 

The Tvornica Lakih Metals Boris Kidric 
smelter at Sibenik was under expansion to 
110,000 tons per year to be completed in 
1977. Construction started on the 94,000- 
ton-per-year smelter at Mostar. 

An aluminum-waste-processing plant was 
under construction at Lozovac, the site of a 
phased-out primary smelter. 


Table 14.—Aluminum: World production, i by country 


(Thousand short tons) 
Country 1974 1975 19165 
North America: 

Canada —— u u dd ³ (mm I ee ma 1,125 978 690 
MEXICO ß he ECT i 45 44 41 
ned States . 4,903 8,879 4,251 
Argentina — _ ca A e e EN | 26 50 
Cõõĩ ³0Ü5döĩôlĩ¹¹]]. S eek T139 134 149 
Surinam __ ͤ o δι κά ͤ ⁰ͥ⁰ͥ⁰yd MA _ __ τοῦ 49 351 
Venezuela ................................-.-.-.--.-..- -.-....--΄- 58 64 55 
Austria ————— 101 98 98 
Crechoslovalaiaa . . ... ..... 55 48 55 
ο E το oe o 5 705 165 K“ 

"EAM ceno e o OA LE ME RR 
Gene Wegt a cuo ese s A iR en 759 747 768 
ns ETC HICIERA T E 177 38 

„ ο p P Cem ue TUUS Le an s 
leladi a s ͥ ⁰yd d αμα 777 68 72 
) (71 jr ¼é: ĩͤ : ͤ . TURN PR IANUE: T238 210 228 
Netherlands „„ 277 288 282 
Nĩ]⁰v q ³ꝛ ¹D yd ee t781 656 670 
FU ( ⁵³VſfFVu00 ³ 5 112 113 110 
7J%%0%0000Gͤõͤĩêé13!d y eL 206 225 220 
Bonn uu J u c o uus ͤ a . aaa aaa 211 234 236 
Sweden nn ³ĩwiꝛ ³ a μένος Se 91 85 90 
Switzerland ______________________ 2222222 96 87 86 
USSR! nuc ο κο ee 3 1,580 11,690 1,760 
Ya ο ο το ο ο... 162 155 218 

αιμα μμ μον νε 

Africa: 
Cameroon ß x αμα» 152 » 2 
τ coe opes 173 158 162 
South Africa, Republicof _.......---------------- 83 84 86 
ιο 165 180 220 
i ’s Republic of¶fh 4 1 1 

8 € å R 5 
Don ος εώς a a 8 54 56 34 
Japan* ο ee o Mu dr DR TREE RR dier age 1013 
Tunc ο ο ος E 35 31 28 
ji. Ac ο ο ον κο ον PM 18 89 
177: ³˙⁰ſſſſſ n A Le A ENEE 242 236 256 
New Zealand ....................-..----------.-----.-------------------- 122 120 154 
Total c eL nui mos y 714,516 113,352 18,774 


lOutput of primary unalloyed ingot unless otherwise specified. 


“Includes primary alloyed ingot. 


Includes uction of superpurity aluminum (99.99% Al), a tly included in the reported total unall ingot 
production, l pig in short tons: 1974—6,206; 1975—3,214; 1976 4,251. νε 
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Table 15.—Aluminum: World capacity, by country! 
(Thousand short tons) 
Country 1974 1975 1976 
North America: 
NOME ee eee Ae a OR Er EET 1,210 1,175 1,175 
Co eene E το ος QEON EAS νοκ eer ne κκ νο κα 50 50 
, oS Ee eee oe es 4,916 5,021 5,198 
6 ⁰·˙ A dd Ec uq eee 40 66 
Bigo ee Ree tur ] ! ² . κας ̃ ĩ . Oo nu na s sas 127 140 187 
SUFBNI oun . Add m ss LL IL uu u 78 78 78 
Venesuélg —— nuo κο eu ELE E E S. 55 55 
poo ͥͥ oÜüww ˙¹ů PT 102 102 101 
/ _ mee . y a eR ζώα 72 72 
hp... MNMMEINOESIEMONU NEN DRM E 8 E τ 
Germany, West ROLE UE aed eee 8 830 832 841 
5 J ³o m 8 p^ p^ 9 
„„ .. PCM RN 40 240 821 
e oou eas 200 298 298 
Noway- . 5 oec cc cu Luton ⁰d y 778 789 768 
Poland 2. a ⁰¹˙ . x 122 122 122 
VVV dominatu ct ER 24 28 240 
7)!!! 8 95 95 94 
Switzerland ⁰ ]² . E Le 100 105 104 
USSR — ο ⁰˙AAAA 66. y ee EE 1,578 2,140 2,555 
United Kingdom __ ~~~ ~~~ ~~~ 899 899 408 
Yugoslavia ee 288 221 199 
K ο το Eg a ο NM 55 E S 110 110 
ΕΓ 169 169 
South Africa, Republic of ................-.--------------------------------------------- 85 88 88 
Asia: 
απο ον EE ο ον τες. 220 zo 255 
India rr ĩ ði du MTS HU S DRE 290 289 890 
λαο u. ))) wk ολο mr x EE RS 50 55 66 
JEDER renes EI m Lia Id ise ES 1,484 1,492 1,627 
Korea, Republic o[ůö ö 20 20 20 
Turkey VAS eT GR eae 8 66 66 66 
O . pee sex DUCI UU UT LO πο ο cM Vra e por E RV 
Australlá 2222556255 ολα 022 esac eee 265. 254 256 
New Zealand _  _ _ emu ες d mu Esdras 128 + 128 165 
Total uz uenenum i LL LL 15,567 16,898 17,888 
Detailed information on the individual aluminum reduction plants is available in a 2-part which can be 
obtained from Chief, Division of Finance, Bureau of Mines , Federal Center, Denver, Colo. . Part One of 
"Primary Alumimum of ener Tondris i which costs $9.70 ownership, and ca for 
1976-83, and sources uminum Pa materials for and domestic am inum plants, 
including those ΕΞ Part Two, which costs $2.55, summarizes production capacities for 1976- 
55 


TECHNOLOGY 


Conservation of energy and minimizing 
the impact of environmental standards and 
costs continued to be major research ob- 
jectives of the aluminum industry. Results 
of recent studies presented at the Alumi- 
num Association Energy Conservation 
Workshop were published.* Spurred by in- 
creasing energy costs, aluminum producers, 
fabricators, finishers, and  end-product 
manufacturers have undertaken extensive 
investigations to reduce overall energy re- 
quirements. Much of the research centered 


around conservation of energy through re- 
cuperation of heat energy evolved from a 
processing step, such as melting or anneal- 
ing, and returning it to the process to 
era the air and fuel used, or the metal 
itself. 

Α heat-wheel recuperator made of ceram- 
ic material for use at temperatures up to 


*Light um Industry 
8 N τὲ Part 10-3, No E No. 86.4 June 1976, pp. s 
Part 2. V. Δ No. 7 7-8, August 1 6, pp. 5-15. 
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1,600°F reportedly was gaining acceptance 
in the aluminum industry. The heat wheel 
involves the passing of hot exhaust gases 
through one side of a slowly rotating wheel, 
absorbing the heat, while cold air is heated 
by passing it through the other side of the 
wheel in the opposite direction. The heated 
air can then be fed directly to a combustion 
furnace or used to preheat the metal direct- 
ly. Alternating the direction of the air flow 
helps prevent buildup and subsequent plug- 
ging of the openings in the wheel by parti- 
culate matter. Efficiencies of the heat wheel 
approach 70%. At one aluminum billet 
heating furnace facility, installation of ce- 
ramic heat wheels reportedly reduced fuel 
consumption from 1.7 cubic feet of natural 
gas per pound of aluminum to 0.65 cubic 
foot per pound. Preheating of combustion 
air by a ceramic heat wheel in another 
facility reportedly saved 6096 of the fuel 
used per heating cycle and shortened the 
cycle by about 2596. 

Under a Bureau of Mines contract, Bat- 
telle Columbus Laboratories reviewed and 
assessed the development of alternative alu- 
minum production processes that might 
conserve energy.“ A 20% energy savings 
was believed possible by replacing the con- 
ventional Hall-Heroult process for produc- 

ing primary aluminum which is based on 
the electrolysis of aluminum oxide by the 
Alcoa process. The Alcoa process is based on 
electrolysis of aluminum chloride. However, 
direct operating costs of the Alcoa process 
were estimated to be about 10% higher than 
the Hall-Heroult process. Other processes 
evaluated used more energy. In another 
study the energy savings of the Alcoa pro- 
cess were estimated to be 30% in compari- 
son with the Hall-Heroult process and pro- 
duction costs of the two processes were 
almost the same.* 
information on the impact of 
air pollution control standards on the pri- 
mary aluminum industry was summarized 
in a report.* The report stated that, based 
on an economic analysis and other available 
information, the following conclusions 
could be drawn (cost data are in 1916 
constant dollars): 

(1) Growth in total domestic primary 
aluminum capacity and supplies will not be 
adversely affected by the promulgated 
standards. 

(2) The promulgated standards will 
accelerate the current industry trend to 
prebake cells and away from Soderberg 


cells. 
(8) The standards are expected to result in 
an investment cost increase at new primary 
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aluminum plants of approximately $95 per 
ton of capacity (first quarter of 1975) or 
approximately 8% of the cost of a new 
uncontrolled plant. 

(4) Existing control levels are estimated to 
require average investment costs of approx- 
imately $65 per ton of aluminum capacity. 
Viewed as an incremental cost, the promul- 
gated standards would require an invest- 
ment cost increase over the current indus- 
try average of $30 per ton of capacity. 

(5) The standards are expected to result in 
an annual cost increase at new 
aluminum plants of approximately $16 per 
ton, or 0.82 cent per pound of aluminum 
produced (assuming no existing State con- 
trol requirements would apply). A total 
annual cost increase of approximately $31 
million in the fifth year is expected to result 
from the imposition of the standards (mak- 
ing the same assumption). If the entire cost 
increase were passed on to consumers, it 
would amount to a price increase of 2.1% of 
current prices. Allowing a pretax return on 
the pollution control capital of 20% would 
result in a total price increase of approxi- 
mately 1.8 cents per pound of aluminum, 
or 4.6% of current prices. 

(6) The level of cost for control of fluoride 
emissions to the air currently being incur- 
red by the industry averages approximately 
$14 per ton of aluminum, or 0.7 cent per 
pound. 

(7) The standards would result in the 
reduction of fluoride emissions to the air of 
approximately 48 pounds of fluoride per ton 
of aluminum produced (9696) in the case of 
an uncontrolled plant and 11 pounds per 
ton of aluminum produced (85%) in the case 
of a plant employing the industry's current 
average level of control. 

(8) No plant closings or production cur- 
tailments are expected to result from the 
imposition of the standards. 

(9) The energy requirements for air pollu- 
tion control systems currently in use at 
existing primary aluminum plants and the 
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energy requirements to meet the 1983 Envi- 
ronmental Protection Agency effluent 
guidelines at these plants have been esti- 
mated to total 285 kilowatt-hours per ton of 
aluminum produced (industry-wide aver- 
age). The energy requirements for air pollu- 
tion control for a new prebake plant (only 
prebake plants are expected to be built) 
have been estimated at 211 kilowatt-hours 
per ton of aluminum produced. 

In another study of the energy used for 
pollution controls and the environmental 
impact of production of primary and sec- 
ondary aluminum metal, the total cost of 
pollution controls (1975 basis) was esti- 
mated at $10.16 to $13.59 per metric ton of 
primary aluminum and $4.98 to $10.10 per 
metric ton for secondary.’ 

Information on pollution control perfor- 
mance standards for primary* and second- 
ary* sources of aluminum was published. 

In a patented process, developed by the 
Bureau of Mines,” aluminum metal is re- 
covered from processed wastes such as dross 
and beverage-can scrap without use of a 
flux. Aluminum is recovered by heating the 
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wastes to a temperature above the melting 
point of aluminum (about 660°C) but below 
about 800°C while maintaining the wastes 
under a protective gaseous atmosphere 
which is substantially inert to molten alu- 
minum. Argon is preferred as the protective 
atmosphere. After the aluminum-contained 
in the wastes has been melted, the heated 
material is agitated gently to agglomerate 
the molten aluminum and to cause it to 
settle and collect in the bottom of the 
containment vessel. Molten aluminum is 
then removed from the vessel leaving a 
substantially inert residue. 

. Environmental 


88 = Recycled l and Al 
uminum. 
yw Mr 1d 1276 1976, 115 pp.; available from National 
τι 5 acon να. Programs; 
Sources, 


91] 8. Environmental Protection i 
Performance Standards for New Stati Pri- 
uminum Industry. Part 3. Federal , V. 41, 

No Bi, Dee 18, 1976, pp. 8826-3830. 

S. Environmental Protection Agency. Nonferrous 

Metale πας ier p s Source Category, Interim 

ing. Part 8. Federal Register, v. 41, No. 242, Dec. 

54850-54854. 


D. 
Interior). Fluxless Recovery 
Wastes. U.S. Pat. 3,999,980, Dec. 28, 1976. 


Antimony 


By John A. Rathjen! 


The U.S. antimony industry during 1976 
registered increases in all phases of activity 
with the exception of domestic mine pro- 
duction. Consumption rose to 15, 337 tons, 
reflecting increased demand in the chemi- 
cal area, particularly as a flame retardant. 
Smelter and secondary production and im- 
ports rose, but exports were virtually 
unchanged. Industry stocks also rose slight- 
ly, increasing above the record high level 
established in 1975. 

Domestic mine  preduction dropped 
sharply as a result of a strike at the Sun- 
shine mine in Idaho. The strike began in 
March and was in effect for the remainder 
of the year. 

The generally increased level of business 
activity during the first half of the year 
precipitated a price rise in September to 
$1.79 per pound from $1.60 per pound, 
which had prevailed since June 1975. 


Legislation and Government  Pro- 
grams. ernment stocks of antimon 
remained at 40,700 tons. On October 1, 1976, 
the Federal Preparedness Agency (FPA), a 


part of the General Services Administration 


(GSA), established a new goal for antimony 
of 20,130 tons. This action created a surplus 
of 20,570 tons, but Congressional approval is 
required for disposal. Antimony remained 
on the list of commodities eligible for ex- 
ploration assistance under the program ad- 


. ministered by the Office of Minerals Ex- 


ploration (OME). However, funds for ex- 
ploration projects have not been requested 
from Congress since fiscal year 1974. 

Federal income tax laws under the Tax 
Reform Act of 1969 provided a percentage 
depletion allowance of 22% for domestic 
production and 1496 for U. S. production 
from foreign sources. 


1Mineral specialist, Division of Nonferrous Metals. 


Table 1.—Salient antimony statistics 


(Short tons) 
1972 1973 1974 1975 1976 
United States: 
Primary: 
v Cu"——————Á RM — 489 545 661 886 
ος n u tute 13,944 17,206 16,657 12,189 14,618 
JJ DER CONNU ον RR 22,428 24,062 28,570 17,964 19,799 
Exports of ore, metal and alloys __ -- 121 515 871 841 
Imports for consum consumption (antimony content) 8 23, 748 21,265 22,119 18,706 21,710 
e τ μα ΠῚ Μπ Πα ie 
8 cents per pound ... --υ------- I : . 
World: duction 5 πω κο neers μεσα 73,986 76,920 779,118 776,700 76,986 


"Revised. 
Includes primary antimony content of antimonial lead produced at primary lead refineries. 
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DOMESTIC PRODUCTION 


Mine Production 


Domestic mine production from two 
mines totaled 283 tons during 1976, a 
decrease of 68% from that of 1975. A num- 
ber of companies were involved in feasibil- 
ity studies and development programs in 
Nevada and Alaska. The Sunshine mine, 
operated by the Sunshine Mining Co. in the 
Coeur d'Alene district of Idaho, contributed 
188 tons to the total U.S. output. Low 
production was the result of a prolonged 
Strike which began March 11 and continued 
throughout the year. Antimony was pro- 
duced at the Sunshine mine from the treat- 
ment of tetrahedrite, a complex silver- 
copper-antimony sulfide mineral, one of the 


principal metal-bearing ores in the Kellog 
area. 


Production at the Babbitt mine-mill- 
smelter complex operated by the U.S. Anti- 
mony Corp. at Thompson Falls, Mont., 
dropped considerably to 150 tons of antimo- 
ny in 1976, as compared with 278 tons in 
1975. This decline was primarily attributed 
to the continuing development of the mine 
and a change in the end product mix. 
Stibnite, the most common of the antimony 
minerals, is the primary source of antimony 
at this operation. 

Byproduct antimonial lead, produced in 
the refining of primary lead from domestic 
ores, increased 3296 to 855 tons in 1976 
compared with 268 tons in 1975. 


Table 2.—Antimony mine production and shipments in the United States 


(Short tons) 
Antimony 
bani concentrate Produced Shipped 
1;ÄÜ ⅛»w- A ³ Wk A a a 2,072 489 547 
μα ο 2 2 g 
NOU υπ τοσο HD 4,505 886 966 
1916 MONT MER σώος ώς ο ος μας σος 1,111 288 810 
Smelter Production Heights, Ohio; M&T Chemicals Inc., Balti- 


Primary.—The total production of pri- 
mary antimony products in 1976 was 14,618 
tons, an increase of about 20% compared 
with output in 1975. Virtually all of the 
increase was reflected in increased pro- 
duction of oxide, which was 2,788 tos 
higher than production of 7,890 tons in 
1975. Metal production decreased 5% to 
8,102 tons during 1976 compared with 3,254 
tons produced in 1975. 

The major producers of antimony oxide 
were Harshaw Chemical Co., Gloucester 
City, N.J.; Chemetron Corp, Cuyahoga 


more, Md.; and ASARCO Inc., Perth Am- 
boy, N.J. During 1976 McGean Chemical Co. 
Inc., Cleveland, Ohio, resumed commercial 
activity in the antimony oxide marketplace. 
Producers of antimony metal included NL 
Industries, Inc., Laredo, Tex.; U.S. Antimo- 
ny Corp, Thompson Falls, Mont; and 
Sunshine Mining Co., Kellog, Idaho. During 
1976 ASARCO continued planning and en- 
gineering studies for the antimony refinery 
to be built at El Paso, Tex. It was expected 
that operating plans would be announced 
during 1977. 


Table 3.—Primary antimony produced in the United States 


(Short tons, antimony content) 
Class of material produced 
Year Metal | at Total 
k˖Ü;5 ⁵ð 4 ur 3,837 8,843 282 201 731 18,944 
9. eee ee ae 2,859 11,278 92 1,889 1,148 17,206 
ö; ae eee 8,080 10,445 54 2,066 1,062 16,657 
1 NUI 8,254 1,890 "un 596 450 12,189 
11/ô⁵»;%o E E E A 8,102 10,628 i 191 691 14,618 
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Table 4.—Byproduct antimonial lead produced at primary lead refineries in the 
United States 
(Short tons) 
Antimony content 
Gross 
Year n From From Total 
weight ; : From 
Ὅς “«“Ἡ “Quantity Percent 
]9N2 ec ee eee eee! 15,051 516 215 819 1,050 7.0 
οποιο ANE 15,455 781 412 24 1,167 7.6 
1904 . 0 12,518 658 404 85 1,097 8.8 
7 A τος 6,029 268 182 117 567 9.4 
a |: . Sa DEBE SECONDI s= 6,743 855 842 790 10.8 
!Includes residues and a small quantity of antimony ore. 


primary 
*Includes foreign base bullion and small quantities of foreign antimony ore. 


Secondary.—Production of antimony 
from secondary sources increased slightly to 
19,799 tons, an increase of 1,835 tons above 
that of 1975. Of this, 16,498 tons, or 83% of 
the total metal, was recovered by treating 
battery scrap. It is expected that this source 
of antimony will increase over the next 3 


years as the automotive battery industry 
changes over to new antimony-free and low- 
antimony grid systems. Additional quanti- 
ties of antimony are recovered by process- 


sheathing, and other items. 


Table 5.—Secondary antimony produced in the United States, by kind of scrap and form 


of recovery 
(Short tons, antimony content) 
Kind of scrap 1975 1976 Form of recovery 1975 1976 
New scrap: i lead?! see 14,768 16,498 
Lead-base ..............---------------- 1.905 2,116 In other lead allo 3,187 3.294 
Tinbese 4 89 26 ln tin base alloy: 9 7 
CCC 1,944 2,142 TUAM Lo cosa Re μα 17,964 19,799 
od Value (millions) $63.4 $65.4 
scra: 
Leod bese 33 16,007 17,642 
Tin baae 4 13 15 
1 %/§%»;’ð˙ U] imas 16,020 17,657 
Grand total 17,964 19,799 


‘Includes 117 tons of antimony recovered in antimonial lead from secondary sources at primary plants in 1975 and 88 


tons in 1976. 


CONSUMPTION AND USES 


Domestic consumption of primary anti- 
mony in 1976 increased by 2,350 tons to 
15,837 tons. A loss of 747 tons in the metal 
products category was more than offset by 
gains in nonmetal and flame retardant 
applications, which combined was 10,437 
tons, an increase of 42% over that of 1975. 
The decline in the use of primary antimony 
metal products was attributed mainly to the 
changeover in automotive battery grid sys- 
tems. The adoption of calcium-tin and low- 


antimony alloys reduced the demand for 
primary metal, because recovery from sec- 
ondary smelting was more than adequate to 
meet requirements. 

Use of antimony trioxide as a flame 
retardant increased by 1,753 tons to a total 
of 5,552 tons in 1976, establishing a record 
high for this application. Use of primary 
antimony in nonmetal products increased 
38% to 4,885 tons. 
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Table 6.—Industrial consumption of antimony in the United States 


(Short tons, antimony content) 
Class of material consumed 
Y Ore and 
- Z < s s w MEB x 
1972 __ eee 1,226 5,478 8,889 104 201 781 16,124 
1978_____ nnno 582 5,824 10,970 255 1,889 1,148 20,618 
1974 —— sc 1,082 9,457 62 2,066 1,062 18,041 
175959 869 4,229 7,811 83 595 450 12,987 
1906... m 640 8,875 10,897 87 191 697 15,8897 


Table 7.—Industrial consumption of primary antimony in the United States, by class of 
; material produced 


(Short tons, antimony content) 
Product 1912 1918 1974 1915 1976 
Metal products: | 
Ammunition... ~~. - 64 122 121 239 63 
VF 6550 Ἢ, 1416 y | "ὁ 
......, e T | 
Cable covering .......-------.--------------------------- 19 12 16 28 19 
(. ͤ ας ων 89 65 81 18 24 
Collapsible tubes and foil 20 12 18 9 28 
Sheet and pi tds; h ꝛꝑk «4444444 108 97 69 60 74 
J%%%%öö§ĩ?⁵—¹b ] ⁵ ...... uu 177 191 205 183 188 
ape πα J 8 142 134 107 75 79 
)) K ĩ ĩ PER NRE 105 104 135 120 164 
TOA) Lua ues A esee E 723382 9,291 8,429 5,647 4,900 
à Ammunition primerr s 28 18 11 14 18 
Fire wor ~~~. 4 5 . 11 10 12 
Ceramics and glass «44444 1,695 1,917 1,884 989 1,260 
Pigments 2 oce eei me mem mm 644 644 460 821 415 
Plast .— ⅛ : 8 2,891 2,920 1491 1,091 1,271 
Rubber products _ ccc l2 587 693 664 458 578 
BER Mm CP teca 1,118 2,219 1,268 658 1,830 
Tot 6,462 8,416 5,229 8,541 4885 
Flame retardant:1 
Plast uncus uae n acsi 2,111 2,501 3,777 
pee 77 CREDERE 172 92 188 
Se ο ολο ß REC 2,280 2,906 252 172 199 
Adhesives . ...........-.-.------------------------------ 281 126 141 
Textil nou meet Ede 980 748 ,055 
Paper oc ozone uere is ecd eme ee 87 160 197 
TON] elu 2,280 2,906 4,888 3,799 5,552 
Grand totaaln.n.nn.Nnn¶nnnnnnLnn 16,124 20,618 18,041 12,987 15,887 


'Flameproofing chemicals and compounds shown separately by use starting 1974. 


STOCKS 


Industry stocks of antimony climbed for 
the fourth consecutive year to a record total 
of 15,070 tons at the end of 1976. There was 
a decline in stocks of antimony contained in 
ores and concentrates. However, this was 
offset by gains in metal and oxide holdings 


which climbed 282 and 674 tons, respective- 
ly. This change in inventory mix is expected 
to continue as more countries initiate value 
added programs, wherein they upgrade raw 
materials to realize higher return on invest- 
ment. 
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Table 8.—Industry stocks of primary antimony in the United States, December 31 


(Short tons, antimony content) 

Stocks 1972 1918 1974 1975 1976 
Ore and concentrate __.__________________ 3,562 5,585 6,215 8.964 7,899 
MOM εν αλλο 86 1,882 1,540 809 1,880 1,662 
"—— LTD ο πο ας 8,179 2014 8,132 9,886 4,560 
ο ο το ολα ⁵ð Lo 182 81 85 82 81 
Residues and slags PORRO κ E tw koi 176 526 549 921 415 
Antimonial lead? ______________________ 191 822 294 874 443 
77777777 ͥͥͥ AA AAA 8,622 10,078 11,694 14,957 15,070 


1Inventories from primary sources at primary lead refineries only. 


PRICES 


The New York price for RMM brand 
99.5% antimony metal was quoted at $1.60 
per pound through September 16, at which 
time NL Industries increased its quotation 
to $1.75 per pound f.o.b. Laredo, Tex. The 
effective freight differential was increased 
from 2 cents to 3 cents per pound f.o.b. New 
York for RMM metal. This remained in 
effect through the end of the year. Antimo- 
ny trioxide followed metal pricing very 
closely beginning the year at $1.65 per 
pound and increasing on October 1 to $1.80 
per pound. The New York dealer price for 
foreign metal, which was quoted in a range 
of $1.35 to $1.45 per pound in January, rose 
to $1.70 to $1.80 per pound in August, 


but fell late in the year to $1.35 to $1.40 per 
pound. The European market quotation for 
lump ore, on a 60% antimony basis in- 
creased during 1976 from a low of $20 to $22 
per metric ton unit, c.i.f. to $25.50 to $27.50, 
at yearend. 


Table 9.—Antimony price ranges in 1976 


` Pri 
Type of antimony per pound 
icmetal! ________________ $1.58-$1.75 

F metal? __ A 1.85- 1.80 
Antimony triox ide 1.65- 1.80 

1RMM brand, f.o.b., Laredo, Tex. 

3Duty-peid delivery, New York. 

Quoted in Metals Week. 


FOREIGN TRADE 


Exports of antimony ore, metal, alloys, 
and scrap totaled 341 tons in 1976, virtually 
unchanged from those of 1975. Canada 
received 80% of the shipments; Poland and 
Japan, 16% each. The balance was shipped 
in small parcels to 17 additional countries. 
Exports of antimony oxide rose to 324 tons, 
an increase of 36 tons from that of 1975. 
Canada received 43% of the total, and the 
remainder was distributed among 17 other 
countries. 

Imports of antimony in all forms totaled 
21,770 tons (metal content), an increase of 
16% over the 1975 total. Antimony ore 
. receipts increased 2096 to 10,023 tons. Anti- 
mony oxide receipts, which totaled 11,611 
tons, increased 17% above that of 1975. 
Imports of both antimony metal and liquat- 
ed material declined from the 1975 level. 

Four countries supplied over 89% of anti- 
mony oxide imports during 1976: The 
Republic of South Africa, 6,005 tons; the 
United Kingdom, 1,623 tons; France, 1,464 
tons; and the People’s Republic of China, 


1,288 tons. Both France and the People’s 
Republic of China more than doubled their 
shipments of oxide in 1976, compared with 
those of 1975, indicating a continuing effort 
by the producing countries to upgrade the 
value of their production. Receipts of anti- 
mony in ores and concentrates increased by 
1,703 tons in 1976 to a total of 10,023 tons. A 
sharp drop in shipments from Mexico and 
Guatemala was more than offset by increas- 
ed tonnage from the Republic of South 
Africa and Canada. Imports of refined me- 
tal decreased slightly to 2,083 tons, a loss of 
29 tons from the 1975 total; however, the 
pattern of imports changed considerably 
from that of 1975. Belgium-Luxembourg, 
the People's Republic of China, Italy, and 
Japan, which cumulatively shipped 1,144 
tons in 1975, supplied only 649 tons in 1976. 
This 495-ton decline was essentially offset 
by the increased tonnage from Bolivia and 
Yugoslavia, which together shipped 558 
tons above their combined 1975 total. 
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Table 10.—U.S. imports for consumption of antimony, by country 


1915 1916 
Country Quan Value Quan Value 
(St (thousands) 8 (thousands) 
An inc} needle 3 
Belgium Lus ΗΝ ον η 406 $1,064 392 $611 
Qoi MEME EN UN ON MD RM ο OM ROSEO 42 111 236 748 
6G» u L ee ee a 8 1 86 
— mesos ¿ < 4 ἡ 
s Republic of _ Ls 
δι Lu nuncu edu ιο αμα 54 rs = 
Germany, Weʒtld «4 3 17 1 16 
Haly local crc ume μαμα 251 631 22 70 
VVV i = 11 D 
Mezico -LLL Z C C 2994 801 278 443 
Netherlands 11 x ee = 
Spain - E ο το ον ο s 56 141 41 108 
Thailand g LLI I IZ IZII 111 m 99 284 
τ 462 290 462 
Ä AAAͥ AAA 187 496 551 1,582 
TOCA) So ict wee eet eee See Se 2,186 5,982 2,124 8.115 
Anti oxide: 

peere A prea DAE 214 788 850 965 
China, People's Kb d- εἴ Y T- 14d 
France Z GR sra 1615 1484 «136 
τ᾽. ιτ 1 67 8 ped 
;;) 3 3 20 58 
ο τμημα ωσ ceca uerus eee ee ae 569 1,778 597 1,688 
Netherlands 61 199 50 148 
South Africa, Republic 999 xe 1 6066 1,504 
Switserland ---------------------- __ A ® ® 
πα το t iau dL S 198 770 82 218 

United Κίπράοαι..............------------------------------------- 1,128 8,502 1,023 
„F UH d 9.908 12,588 11,611 17,029 
‘Includes needle or liquidated (value in thousands): 197 Luzembourg 21 tons ($70), the United Kingdom 31 


tons ( the People's Republic of China 22 tons ($88), 197 um-Luxembourg 18 tons ($59), the United Kingdom 23 


Table 11.—U.S. imports for consumption of antimony ore, by country 


Gross Antimony Gross An 
Country weight content are weight content bs 
(short (short sands) (short (short sands) 
tona) tons) tona) tona) 
A FCC 110 ME - -- S FINT 
Belgium-Luxembourg -....----- - EN ie 
Bolivia 1 4,242 119 1 $3,820 
Canad(vAà -=-= 1012 ο] 1,426 146 1001 1,949 
Chile __ eda = x: m 711 411 804 
Colombia... . ------.-- 287 89 48 219 91 112 
Guatemala... ------- 2,921 1,127 818 949 414 894 
Honduras _. 306 158 196 — — KR 
Μοπίοο ............-- ---.-- ---.-- -..-- 9,567 2,218 1,780 6,625 1,518 2.458 
South Africa, Republic of .. 2,986 1,792 4,194 7,495 7,818 
CCC SSS ae 908 485 11 5 
Toal ¿c L ον c musco 20,786 8,820 14,535 20,945 10,028 16911 
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Table 12.—U.S. imports for consumption of antimony 


Antimony ore Needleorliquated Antimony metal! Antimony oxide 
Gross Gross Gross Gross 
Yer weight — content ee, weight Value weight Vale weight Value 
tons) tons) sands) tons, ande) tons) sand) tong) nd 
19714. Be 81,830 14,655 420 86 1 
1919 . 20/786 επ 1455 — 4 Ἧς — Z2 den — 990 δρ 
1976 __ 20,946 10,028 16,911 41 129 2,083 4,986 11,611 17,029 
1Does not include alloy containing 88% or more antimony. 
WORLD REVIEW 


World mine production of antimony in 
1976, 76,286 tons, showed a nominal decline 
of 414 tons from that of 1975. The Republic 
of South Africa reported a major drop in 
production to 11,890 tons, a loss of 5,663 
tons from that of 1975. This decline was 
balanced by increased production in Bolivia, 
Thailand, the Republic of Korea, Morocco, 
Peru, and Guatemala, which collectively 
increased production by 5,814 tons. Bolivia 
was the world’s largest preducer with 
16,873 tons, an increase of 3,737 tons. 

Australia.—Antimony production in 
Australia declined in 1976 to 1,818 tons, a 
drop of 14% from that of 1975. The decrease 
was attributed mainly to curtailed pro- 
duction by Australian Antimony Corp. NL 
at its new mine near Dorrigo on the north 
coast of New South Wales. The mine was 
closed for economic reasons, but it was 
being maintained on a standby basis. 

The closedown at Dorrigo was partially 
offset by startup of the Blue Spec antimony- 
gold mine near Nullagine in Western 
Australia. The Blue Spec mine, which is 
operated as a joint venture by Metramor 
Minerals Ltd. and Australian Anglo- 
American Ltd., is expected to produce about 
1,400 tons of antimony per year. 

Bolivia.—During 1976, Bolivia emerged 
as the world’s largest producer of antimony, 
passing the Republic of South Africa which 
had previously been the leader. A combined 
total of 16,873 tons of antimony (metal 
content), was produced in Bolivia at a new 
smelter. The smelter, which was completed 
in December 1975, is located at Vinto, near 
the city of Oruro, and is operated by Empre- 
sa Nacional de Fundiciones (ENAF). The 
plant had been scheduled for full pro- 
duction in 1976, but startup problems pre- 
vented maximum utilization through most 


of the year. The design capacity of the 
smelter provides for treatment of 10,300 


tons of high-grade concentrates containing 
63.2% antimony, which will yield approxi- 


mately 4,700 tons of antimony metal, and 


will continue to sell antimony ore and 
concentrate throughout the world. 
Canada.—Antimony metal was produced 
in Canada as a byproduct of lead smelting 
and refining. It was recovered chiefly in the 
form of antimonial lead by Cominco Ltd. at 
its smelter and refinery at Trail, British 
Columbia, and Brunswick Mining and 
Smelting Corp, which operated a lead 
smelter at Belledune, New Brunswick. 
Consolidated Durham Mines and Re- 
sources Ltd. operated Canada’s only antimo- 
ny mine. The Lake George property near 
Fredrickton, New Brunswick, has a mill 
capacity of 400 tons per day. Concentrates 
average slightly over 65% antimony, and 


‘are shipped mainly to Europe, with small 


quantities going to the United States and 
Japan. 

Con-Am Resources announced a prelimi- 
nary feasibility study of its Carbon Hill 
antimony property near Whitehorse, Yukon 
Territory. Work carried out on the property 
from 1964-67 by Yukon Antimony outlined 
a possible reserve of 140,000 tons of ore 
grading 4% antimony. If the reserves are 
confirmed, the company plans to install a 
200-ton-per-day plant. 

China, People’s Republic of.—Estimated 
production of 13,000 tons of antimony 
established the People’s Republic of China 
as the world’s second largest producer. The 
bulk of Chinese antimony was produced in 
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Table 13.—Antimony: World production (content of ore 
unless otherwise indicated), by country 


(Short tons) 
Country 1974 1975 1976 
North America: | 
b oas ns ο το ο... A 8 T1,560 το 020 2,190 
HAE EIDEM ας ³ð ο ανα E πα ον λαο.» 480 944 1,285 
Hondurié z a a DU LE E e 149 114 129 
Mexico" n c cc ³ ] ] y 8 2,653 9458 2906 
ο. ITO 2 2 T καμμια ⁰ʒt 661 886 288 
Am „ Pf. p ee σος : r5 : 8 99 
I ο ος J ĩ DN RUE DN 14 18,196 416,873 
Peru (recoverable!)ü:iu -. -. 1349 305 665 
Austria (recoverable). -.-- -- -. -. -. -. -.---. -- -.-- -.-. -.-- -.-..-. -- -.. -. -.-.. -. -.. 551 561 588 
να ος σος . ß E 880 T880 880 
Παν στ ο πο σας το οσο παρω 1,297 1,118 1,119 
USSR* ))))!!! 86 3000 8,300 8,500 
Yugoslavia___________________________________._- 2 484 2,406 52110 
κ ο nllo ue ULL 66 66 *66 
νου ο LU . ß ß kt Ens 2,029 1,160 1,560 
Rhodesia, Sou πμ ³oW σώος 830 830 830 
South Africa, Republic of .....--------------------------------- 716,721 17,553 11,890 
Burm ul ora cunei ποσο μπα 1880 1490 520 
China, People's heo — eco 18,000 18,000 18,000 
Korea, Republic o —— - T9 44 477 
Malaysia (Sarawak) )))) 7280 276 275 
J) ⁵ð“ y x ß Oe ee ere eee 86 83 83 
%)!!! κώμα ete A ok a Rela ee Marla: 4,669 8,454 4,047 
πο ON OR HUE URN eee um é 76,590 4,010 4,771 
Oceania: Australia e „„ „ͤũ„7 11,550 2,120 1,818 
ôö;¹ũ i ⅛˙ eee E ess 779,118 76,100 16,286 


Preliminary. Revised. 
— the basis of value of production. 


Antimony content of ores for export plus antimony content of antimonial lead and other smelter products produced. 
ο. ου το ο ο οσο ο προ 


ë Antimony content of antimony concentrates, lead concentrates, and zinc concentrates. 


southwestern Hunan Province, with the 
largest output from the Hsikwangshan 
mine. This mine has been estimated to 
contain reserves in excess of 1.5 million tons 
of antimony. Antimony ore is also mined in 
Kwangtun Province. Material produced in 
the People's Republic of China is smelted 
and refined near the city of Changshan in 
Hunan Province. 

South Africa, Republic of.—Consolidated 
Murchison Ltd. continued as the single 
significant producer of antimony in South 
Africa with a total output of 11,890 tons, 
82% below the output in 1975. The decline 
was attributed to lower ore grades at the 
mill, and production of high-arsenic mate- 
rial, which has been set aside for future 
processing. Mining operations were con- 
ducted in the Letaba district of the Trans- 
vaal. Most of the production was in the form 
of concentrates; however, there was a sub- 
stantial amount of cobbed ore which was 
recovered and shipped as a direct smelting 
material. During 1976 there was a consider- 
able drop in production to 10,625 tons of 
antimony contained in combined concen- 


trate and cobbed ore compared with 15,048 
tons produced in 1975. Total shipments, 
however, were up in 1976 to 13,725 tons of 
contained antimony, an increase of 1,124 
tons over that of 1975, reflecting a draw 
down on raw material inventories, which 
had become large. 

Thailand.—Production of antimony in- 
creased 17% to 8,687 tons of concentrates. 
About 480 tons of refined metal was also 
produced during the year. A portion of 
the increase was attributed to the reopen- 
ing of the Phahad mine in Phrae Province. 
The mine, which had been shut down in 
1970, was modernized and became the first 
mechanized underground antimony oper- 
ation in Thailand. Planned capacity was 
established at 150 tons per month of hand- 
cobbed ore and gravity concentrates. 
Phluang Thong Thai Co. (PTT), a consor- 
tium of local interests and the Hochschild 
group, was the owner-operator. 

The Hibino Metal Industrial Corp. of 
Japan reported that it would begin oper- 
ating a new property near Chiang Mai. 
Planned production would be 100 tons per 
month of 60% concentrate. 
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Yugoslavia.—A new mine began pro- 
duction of antimony concentrate at 
Kopanik-Raiceyoj Gori in Serbia. The mine 
is operated by the mining and metallurgical 
enterprise Aajaca Rudarsko—Topionicarski 
Basen (Aajaca). Initial annual production 
rate was approximately 45,000 tons of ore, 
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yielding about 1,500 tons of concentrate. It 
is planned to expand production eventually 
to about 300,000 tons of ore per year, a move 
that will add significantly to the world 
mine capacity of antimony and will place 
Yugoslavia among the world’s major pro- 
ducers. 


Digitized by Google 


Asbestos 


By R. A. Clifton! 


Shipments of asbestos (mostly chrysotile) 
in 1976 from mines in the United States 
increased 1696 over those in 1975. With the 
continued high demand for domestic 
asbestos, all previously operating mines, 
plus the newly reopened Calaveras (Pacific) 
mine, were producing at capacity. Imports 
were 22% higher than those in 1975 because 
of recevery from the Canadian strike, but 
demand may still be depressed owing to the 


economic recession and/or environmental 
factors. 

Canadian production in 1976 was 47% 
more than that for 1975, and shipments 
from Canada to the United States were 2396 
more than those in 1975. Imports from the 
U.S.S.R. were nearly 2% of total U.S. im- 
ports, and those from the Republic of South 
Africa accounted for 3%. 


Table 1.—Salient asbestos statistics 


United States: 
Production (sales) _ short tons 
Value _____________ usanda. _ 
"x porte and reexports (unmanu 
actured) |... LL 2222222 short tons. _ 
Vale 2 
and of asbestos 
products (value - ---------- AA 
for consumption (unmanu 
το μια μεν short tons 
Value da 
Released from stockpile 
unman w short dna M 
Consumption, apparent! σα 
World: Production do 


1972 1973 1974 1975 1976 
191,663 7150,036 "109,091 98,654 114,842 
13,409 $16,288 $13,759 $14,220 $23,693 
58,624 66,442 61,723 36,447 46,923 
$9,051 $9,342 $9,192 $10,667 $12,791 
$32,110 $40,777 $60,396 $60,776 $60,572 
135,515 792,473 766, 164 588,553 657,851 
$87,782 $98,914 $123,822 $111,011 8142, 145 
18,174 6,761 28,851 6,877 552 
821,728 882,908 845,825 607,637 126,822 
4,168,675 4,613,717 4,582,820 14,564,180 5, 565,910 


"Revised. | 
!Measured by quantity produced, plus imports, plus stockpile releases, minus exports. 


Legislation and Government Pro- 
grams.—As of December 31, 1976, the Occu- 
pational Safety and Health Administration 
(OSHA) had not yet set a date for the 
mandatory public hearing on its proposed 
revision of the asbestos standard for manu- 
facturing. The regulated allowable exposure 
to asbestos had been lowered on July 1 from 
5.0 to 2.0 fibres per cubic centimeters 
(f/cm?); the OSHA proposal was for a per- 
missible-exposure level of 0.5 f/cm*. How- 
ever, the National Institute of Occupational 
Safety and Health (NIOSH) recommended a 


still lower level. In a December 15, 1976 
letter to OSHA, the Director of NIOSH 
recommended a level of 0.1f/cms. Thus, 
during 1976, changes made and proposed 
represent a fiftyfold reduction in the regu- 
lated allowable exposure to asbestos in 
the manufacturing workplace. 

The President signed the Toxic Sub- 
stances Control Act into law on October 11, 
1976, too late to allow meaningful eval- 
uation of its impact on the asbestos indus- 
try. 


Physical scientist, Division of Nonmetallic Minerals. 
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New stockpile goals were announced by 
the Federal Preparedness Agency (General 
Services Administration) in a press release 
dated November 24, 1976. The announced 
Stockpile goal for chrysotile was zero; and 
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for amosite, the goal was 26,291 short tons. 
Crocidolite was not named as a strategic 
material. As shown in table 2, there were 
few asbestos sales from the national stock- 
pile in 1976. 


Table 2.—Stockpile goals and 
Government inventories as of December 31 
(Short tons) 

Stock- Total inventories Sales of 

Dub 1905 1906 “οτε” 

Amosite 26,291 45,298 42,628 2,670 
Chrysotile _.._ None 10,956 110,985 E 
Crocidolite... None 2478 12474 i 
Total ____ _. 688,727 56,052 2,670 


"Revised. 
3 Adjusted figure, Federal Preparedness Agency. 


Environmental Impact.—Disruptions in 
the marketplace in 1976 left consumption of 
asbestos by U.S. industry at 82% of the 1973 
alltime high. These disruptions cannot be 
blamed entirely on either the economy or 
environmental factors. With the possible 
exception of the textile portion of the in- 
dustry, much of the decline in consumption 
can be argued to have come from recession- 
related factors, The decrease in exports of 
asbestos-textile products and the increase 
in imports lend validity to this position. 
UNIROYAL Inc., announced that its Fiber 
and Textile Div. would no longer be manu- 


facturing asbestos-containing textiles after 
July 1, 1976, because of marginal profitabil- 
ity and the cost of full compliance with 
OSHA regulations. 

The costs of environmental compliance to 
asbestos producers, however, have readily 
been absorbed by consumers. The Vermont 
Asbestos Group announced that the pur- 
chase costs of their Lowell mine, formerly a 
GAF Corp. property, had been recouped in 
less than 2 years The management of 
Calaveras Asbestos Corp. stated that the 
firm was profitable after 1 year of oper- 
ation. 


DOMESTIC PRODUCTION 


Mines in the United States shipped 1696 
more asbestos in 1976 than in 1975. Value 
was 67% higher than in 1975. Three States 
produced asbestos; California, was the lead- 
er, with 68%, followed by Vermont and 
Arizona. There was a possibility of some 
production from North Carolina. Total out- 
put was 114,842 tons valued at $23,693,000. 

California led the increase in production. 
Reopening of the Calaveras Asbestos Corp. 
mine (formerly Pacific Asbestos Corp.) led 
to a preduction increase 89% above the 1975 
State total. The value increased 16096 over 
the 1975 value of the fiber. By yearend, 
Calaveras Asbestos Corp. was in full oper- 
ation. At yearend mines were also active on 
the Joaquin Ridge near Coalinga. Atlas 
Asbestos Corp. worked its Santa Cruz mine 
in Fresno County and Union Carbide Corp. 


acies its Santa Rita mine in San Benito 


unty. 

The Vermont Asbestos Group mine in 
Orleans County, Vt., remained the mine 
with the highest production of asbestos in 
the United States. Its output decreased 
slightly from that in 1975. This mine is 
owned and operated by an employee group, 
which has been highly successful in its 
operation. 

Arizona production in 1976 was below the 
1975 level. The Jaquays Mining Corp., in 
Gila County, had the only active asbestos 
mine in the State. 

Powhatan Mining Co.’s mine in North 
Carolina was inactive, but about 878 tons of 
anthophyllite were mined and shipped from 
North Carolina in 1976. U.S. asbestos pro- 
ducers and mine sites follow: 
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State and company! County Name of mine Lype of 
Arizona: Jaquays Mining Cord Gils: o Ez Chrysotile ______ Chrysotile. 
Atlas Asbestos Cor Ετοσπο..................-... Santa Cruz __ _ _ _ _ Do. 
veras Asbestos Cord veras Copperopolis _ _ _ _ Do. 
nion Carbide Cor San Benito Santa Rita Do. 
Vermont: Vermont Asbestos Group leans _________ TT Do. 


1In addition to the States listed, some anthophyllite was mined and shipped from North Carolina, but information on 


firm and location was not available. 


CONSUMPTION AND USES 


In a year of partial recovery from the 
effects of the recession and of the Canadian 
Strike, enduse data for 1976 are difficult to 
analyze. Asbestos used in asbestos-cement 
pipe decreased 9%. Further decreases were 
asbestos cement sheet, 48%; flooring pro- 
ducts, 16%; and paper, 5396. Asbestos used 
in friction products remained about the 
same, but that used in roofing products 
increased a surprising 447%, as reported by 
consumers. 

Reofing products accounted for 35% of 
the asbestos consumed, and was the largest 


user. Asbestos-cement pipe was next with 
19%, followed by flooring products with 
16%. When the 3% used in making as- 
bestos-cement sheet is added to the preced- 
ing three categories, products used in the 
construction industry accounted for nearly 
three-fourths of the asbestos consumed in 
1976. 

Other major asbestos-using end products 
were friction materials, 9%; paper, 4%; 
coatings and compounds, packing and gas- 
kets, and plastics, 396 each; and textiles and 
insulation (thermal), 1% each. 


PRICES 


Quoted prices for Quebec asbestos, all 
chrysotile, were not raised during 1976. The 
last rise was effective on December 1, 19775. 
Effective December 1, 1976, British Colum- 
bia asbestos chrysotile prices rose 15%. 

Prices for Vermont chrysotile asbestos 
rose 1396 on January 1, 1916. Arizona prices 
rose twice during 1976, the latest on July 1. 
Quotations, f.o.b. Globe, follow: 


Grade Description Per short ton 
Group 1 _ _ Crude $3,000 
Group 2 0 1,800 
AAA cca. uc T sp ee Sua 1,800 
Group 3 _ _ Nonferrous filtering $750-840 

and spinning 
Group 4 _ _ Nonferrous plastic and 750-840 
Group? _ _ White shorts 100-200 


As of January 1, 1976, Vermont chrysotile 
asbestos, f.o.b. Morrisville, was priced as 
follows: 


Grade Description Fw nott 
AT o nuc Fiber $418 
5D through 5R ~- do 5-324 
V Waste 
7D through 71. Shorts 83-160 
TTE: ος κας Floats (shorts?) 12 
886... Shorts 54 
Hooker No.1 Packaged in 50-pound 970 
woven polyvinyl 
Hooker No. 2 Packaged in 100- 485 
pound woven 
polyvinyl bags 
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Quotations for Canadian (Quebec) chryso- 
tile, f.o.b. mine; as of December 1, 1976, 
follow: 


ΠΝ Per short 
Grade Description ton 
Group _ _ Crude Can $3,496 
Group 2 _ _ ~~~ @© __ 1,879 
Group 3 __ Spinning fiber Can $891-1,463 
Group 4 Asbestos-cement 829 
Group5__ Paper fiber _____ 278. 892 
Group 6 Waste, stucco, or 236- 244 
Group? .. Refuse or shorts _ _ 89- 198 


Prices for chrysotile asbestos from British 
Columbia and Yukon Territory, Canada, 
effective December 1, 1976, f.o.b. Vancou- 


Grad D ipti Per ot 
CLINTON MINE 

CPP Asbestos- cement fiber Can $611 

S ucc di ( αυ 558 

CY ___ dar. μαι DERE DER 862 

OZ. Sco odo. ους ος 268 


African asbestos producers privately ne- 
gotiate sales, thereby ruling out market 
quotations. The following tabulation shows 
the average value per short ton, regardless 
of grade, of South African imports, calcu- 
lated from U.S. Department of Commerce 
data: 


ver, follow: Type 1972 1978 1974 1975 1976 
Amosite _____ $1 $188 $228 $895 $461 
Crocidolite  -΄ 211 218 251 47 518 

Grade Description ΕΤ —— 
I The increased demand for and the short- 
Cl. F Can $3,261 age of all types of asbestos, plus increased 
AAA --- Nonferrous spinning fiber-- 1664 mining costs, resulted in price increases in 
A. m ο. ----ᾱο------------- 1267 almost all categories. Other price rises were 

es F e early in 1977. 

AS ecc Ae cunt NC ccce en e unit value of 1 ton of Canadian 
aT ---- Ecco ------------- aie chrysotile has more than doubled in the 
Απο. L- do 96g past 4 years from $Can 122 in 1972 to Can 

$261 in 1976. 

FOREIGN TRADE 


No real change occurred from 1975 to 
1976 in the value of exports of asbestos 
products manufactured in the United 
States. The number of articles exported 
increased slightly. 

Major groupings of exported products and 


their share of the total value were textiles 
and yarns, 2296; friction products, 1896; 
packing and gaskets, 16%; asbestos-cement 
products, 14%; and insulation products, 7% 
(table 4). 


Table 4.—Countries importing U.S. asbestos products in 1976, by type 


(Thousand dollars) 
Can Mexico Germany, United Aus Other Total 
Friction products ___________- 9,382 138 441 78 842 2,820 19.196 
Packing and gasket 2,907 409 904 128 810 7,218 11,880 
Asbestos-cement products 2,866 66 215 142 29 6,495 9,873 
Textiles and γ8ττ...................-.-----. 8,897 4,084 459 844 987 6,213 15,984 
Insulation produces 1,059 126 37 67 36 3,494 4,819 
o 2,968 1,501 1,638 1,525 198 9,894 17,714 
Total... —— hmmm 23,079 6,818 8,149 2,279 1,897 86,194 72,916 


— 
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MAJOR INTERNATIONAL ASBESTOS MINING GROUPS1/ 


CANADA UNITEO KINGDOM REPUBLIC OF 


SOUTH AFRICA 2, 
CHARTER CONSOL- 
IDATEO CO. 


UNITED STATES 


AMOSA (ΡΤΥ) LTD. 90* 
EGNEP (PTY) LTO | SA. 


NEWMONT 
MINING CORP 13 SEVERAL OTHER AMOSITE 
am em MINES 
CASSIAR 
ASBESTOS [TT T T T 3 
10 CORP LTO 1 
— 23 FEDERAL MYNBOU- 
100 GENERAL MINING 
12 GRIQUALANO EX- 
ASBESTOS PLORATION ANO NA 


MINES 


GENERAL DYNAMICS | ^ ASBESTOS 
CORP CORP LTO 


— 5 


NA 
TURNER ANO SEVERAL MINES 
NEWALL a 
NA 


N.A 


ASBESTOS INVESTMENTS 


-- 


AUSTRALIA 
PTY LTD 
ASARCO JAMES HARDIE 
ΚΩ͂ =m] ASBESTOS 
RHODESIA 
- NA 
SWAZILAND 


NATIONAL MINES 
DIVISION 


RHODESIAN AND GEN- 
ERAL ASBESTOS CORP 


HAVELOCK AS- 
BESTOS MINES 


CARY CANADIAN 
MINES tTO. 


BELGIUM 
2 


-4 


POINTEX GROUP 3/ 


050 ASBESTOS 
GULF AND WESTERN GULF AND WESTERN ETERNIT 3 MINES LTD 
INDUSTRIES INC (CANADA) LTD = GROUP =» am ao eo  ..... j 
FRANCE 


51 
HEDMAN MINES 
LTO 
JOHNS-MANVILLE 
CORP 
AMET CORP INC 


CANADIAN 
PANEC INC 


JOHNS 
MANVILLE 


URALASBEST COMBINE 


KUSTANAYASBEST 
COMBINE 
TUVASBESCOMBINE 


ADVOCATE 4, 


MINES 110-2 


INTERASBESTOS INC 


ΚΕΥ MAJOR GROUP COMPANY (MAJOR SHAREHOLOER ANO PERCENTAGE, 
uar COMPANY (MINOR SHAREHOLDER AND PERCENTAGE) 


N A NOT AVAILABLE 


1’ MOST MAJOR GROUPS HAVE MANUFACTURING INTERESTS. 

2/ PRODUCTION BREAKDOWN (APPROXIMATE), CROCIDOLITE 50%. AMOSITE 30% CHRYSOTILE 20% 

Y PRIMARILY HAVE INTERNATIONAL MANUFACTURING INTERESTS 

4/ OTHER SHAREHOLDERS INCLUDE AMET CORP INC. 16% PANAC INC. 7% INTERASBESTOS INC 7% -- 
ALL US COMPANIES 


SOURCE MINERAL DEVELOPMENT SECTOR. DEPARTMENT OF ENERGY. MINES AND RESOURCES. OTTAWA. CANADA 


Figure 1.—Major international asbestos mining groups. 


ASBESTOS 


In 1976, 52% of the cost of imported 
asbestos was recovered by exporting and 
reexporting fibers and products. | 

In 1976, the United States imported 91% 
of its asbestos consumption. This was above 
the 1975 percentage. Canada provided more 
than 93% of the imports, the Republic of 
South Africa provided 396, the U.S.S.R. 
provided 2%, and six other countries pro- 
vided the remainder. Chrysotile, with 9695, 
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dominated the imported types. The dollar 
value of imported fibers was 28% higher 
than that in 1975. 

The larger international asbestos groups 
and their affiliations are depicted in figure 
1, taken from a recent Canadian Govern- 
ment publication. 


*Vagt, G. O. Asbestos. MR 155, Mineral Policy Series. 


Department of Energy, Mines, and Resources, Ottawa, 
Canada, July 1976, 26 pp. 


Table 5.—U.S. exports and reexports of asbestos and asbestos products 


Products 
EXPORTS 
Unmanufactured: 
Crude and spinning and nonspinning 
να 8 short tons. _ 
Waste and refuse_________________ do 
Toal ος ³˙¹¹ Ä tone do 
Gaskets and packing d 
EMERI LALA CESARE 888 
Brake lininngns _ _ do- 
Clutch facings, including 
linings____ :ům number 
rers ir board __________ 3 
and clapboard ldd ο... 
Articles of asbestos cement do 
Protective clothingngn gg 
Insulation, heat and sound ...........- -..------- ------ 
Manufactures, n.aaãeee c -Ἱ- ---. 
C exu uyu 
REEXPORTS 
S Crude and spinning hi d onsp inni 
and n inning 
o snum short tons... 
Waste and refuses — 
TOL annu A mmm do 
Prod 
Gaskets and packing E ἘΜΉΝ 
uur, O. an 
Clutch facings, including 
linings -~ 2s menu en number 
iles and arrnn ---- short tons 
ον. and clapboard .....----------------- do 
i of cement 
ufactures, n. ease 
f πω μι 
"Revised. NA Not available. XX Not applicable. 


1975 1976 
Quan- Value Quan- Value 
tity (thousands) tity (thousands) 
15,173 $6,067 21,470 $7,119 
9,748 3,992 847 5,461 
34.921 10,059 46,317 12,640 
2,643 12,401 2,460 11,830 
4,856 9,974 6,239 11,536 
1,359,914 1,598 1,007,551 1,660 
5,7 7,284 7,522 7,907 
14,277 4,649 10,610 3,547 
18,952 7,628 15,151 6,326 
NA 810 NA 898 
NA 5,072 NA 4,819 
NA 11,740 NA 12,258 
XX 60,556 XX 60,276 
1,891 578 606 151 
185 85 eet ah 
1,526 608 606 151 
11 21 4 19 
127 145 221 251 
21,645 16 28,148 23 
1 11 e one 
M ie 12 8 
NA ids "M 
NA 21 = MES 
XX 220 XX 296 


Table 6.—U.S. imports for consumption of asbestos from specified countries, by grade 


(Short tons) 
1975 1976 
Grade Republic lic 
Canada Southern of South Canada 5 prios 
Africa 
ile: 

— ——— 71 1,633 940 635 8,451 1,745 
Spinning fibers 7,681 882 115 5,872 247 61 
other 5,887 608 1,457 611,068 f 6,557 
Crocidolite (blue) M e 11,570 x EM 10,177 
nnn! UN ea νο 8,894 20 E 1,554 
Total Lu eS 508,545 2,628 17,976 617,595 3,698 20,094 
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Table 7.—U.S. imports for consumption of asbestos (unmanufactured), by class 
and country 
Crude (includ- | 
ing blue fiber) Textile fiber All other Total 
Year and country Quanti Value Quan Value Quanti Value Quantity Value 
Ghee (thou- — (thou- en (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
Belgi eda 22 58 48 $5 70 
um-Luxembourg g -- "T 
dum ae E 71 9 7,631 $5,772 495, 887 91,791 503,545 97,572 
Finland ______________ d zu ERA et 329 329 
Gaza Strip __ _ -- EUN m" uS SEN 152 152 26 
Italy τι ο m πα = m Nd 197 87 197 87 
Mexico * -- m D 73 15 18 15 
Morambiquune .. -. 118 16 το m p d 118 16 
Rhodesia, Southern 1,633 1,521 882 869 608 880 2,023 2,210 
South Africa, 
ep Oo eu 16,404 7,147 115 100 1,457 459 17,976 7,106 
53 2,156 952 TM ON Sa Se. 2,756 952 
JJ ened na E ese 4,525 921 nai EUN 5,854 1,961 10,879 2,282 
United Kingdom 277 83 oe um 58 11 835 94 
Total __ ὁμμως 25,806 10,652 8,184 6,241 504,613 94,118 538,558 111,011 
1976 
Australian 99 46 PN ΚΠΕ δα. ΞΕ 99 46 
Canada ______________ 655 212 5,872 4,013 611068 121,977 617,595 126,862 
Germany, Wet Lt its acs = 1,909 383 1,909 883 
Hong Kong -_ MO με e asus 2 (1) 2 (1) 
Mexico 978 209 = s = 1,091 146 1,469 855 
ο... Southern 3,451 2,099 241 208 FAM κ. 8,698 2,307 
licof 2225225255 18,476 6,932 61 88 2,616 20,094 9,586 
user mr ME REN DUM ο ne == 12,421 12,421 2,824 
United Kingdom 564 282 -- BE sem κ. 564 282 
Total `.. zccu 18,623 9,840 6,180 4,859 633,048 127,446 657,851 142,145 
1Less than 1/2 unit. 
WORLD REVIEW 


An in-depth article in a Canadian mining 
paper, described activities in world and 
Canadian asbestos markets in 1976. The 
strength of the Canadian industry, a long 
time major supplier to the world market, 
was demonstrated by its rebound in output 
from the low level experienced in 1975. A 
fire, landslide, and strike in 1975, resulted 
in output being reduced to the levels of 1960 
and 1961, thereby tightening an already 
tight supply situation. Many producing 
companies had to allocate available sup- 
plies to their customers. The article also 
cited statements of Asbestos Corp., Ltd. offi- 
cials that indicated the asbestos fiber 
market remained bouyant. Saturation of 
the markets in Western Europe and the 
United States, was compensated for by in- 
creased demand in Eastern Europe and 
Middle East and African countries. The 
firms' inventories of Groups 4, 5, and 6 
fibers were expected to stay at minimum 
levels and those of Groups 3 and 7 to 
increase slowly. It was anticipated that any 
excess in Group 3 spinning fibers would be 
absorbed by the market in the second half 
of 1977. Only the market for Group 7 
appeared to be weak. 


Algeria.—Scheduled for June 1976 start- 
up were three identical asbestos-cement- 
product plants. These plants, designed and 
built by Belgian companies, will have a 
combined capacity of 150,000 tons of finish- 
ed product. The new markets for asbestos 
fiber to feed these and similar plants being 
built throughout Mediterranean Africa and 
Asia are helping keep demand very strong. 

Australia.—Woodsreef mine borrowed 
$A1.5 million to increase its annual capaci- 
ty to 105,000 tons. Estimates of reserves at 
both contiguous ore bodies have been re- 
vised upward and the company has discov- 
ered a promising new ore body near Bary- 
ulgil in northern New South Wales. Explor- 
ation continued in that Province. Woodsreef 
acquired 95% of 10 asbestos claims in West- 
ern Australia. 

Brazil—The chrysotile mine at Cana 
Brava operated by S.A. Mineracáo de Am- 
ianto (SAMA) has a projected 1979 pro- 
duction of 115,000 tons, all for domestic 
consumption. Reserves were estimated at 
9.5 million tons of fiber. In 1976 there were 


3Northern Miner. V. 62, No. 37, Nov. 5, 1976, p. C-10. 
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900 employees at the site, which is 160 miles 
northwest of Brasilia. 

Canada.—Canadian asbestos production 
rebounded sharply from the problems of 
1975. Total production in 1976 (all chryso- 
tile) was nearly 47% above that of 1975, but 
still only 9296 of the 1973 record. 

Abitibi Asbestos Mining Co.'s deposit in 
northwestern Quebec is 55% owned by 
Brinco Ltd. At yearend discussions were 
underway with ASARCO, Inc., owner of 


Lake Asbestos of Quebec Ltd., as to ways to 


finance, operate, and market fibers from 
the proposed $292 million facility. A 
220,000-ton-per-year capacity is proposed. 

United Asbestos, Inc. was operating its 
mine at Midlothian Township in Ontario at 
yearend after having been closed during the 
spring by Ontario's environmental authori- 
ties. 

Canadian  Johns-Manville Corp. an- 
nounced a $77-million capital investment 
program to improve its Jeffrey mine at 
Asbestos, Quebec. It is a 5-year program, 
and initial expenditures will be for acquir- 
ing property surrounding the mine, re- 
pairs, and new facilities. The mine pro- 
duces 45% of Canada’s asbestos and 15% of 
the world’s production. 

A possibly important new find in north- 
ern Ontario was announced by Talisman 
Mines, Ltd. and Shield Development Co., 
Ltd. The find, in Newtown Township, show- 
ed asbestos mineralization over 3 miles long 
and indicated that some fibers may be 1-1/2 
inches long and of spinning quality. 

China, People’s Republic of.—Export 
data from China for the 1957-74 period 
reveal that asbestos is not a major export 
item, either in quantity or value. In 1974, 
the year of highest export, only 2,400 short 
tons worth $0.5 million were exported. A 
number of textile products from China are 
available on the world market. 

Colombia.—Minera Las Brisas, S. A. 
announced completion of feasibility studies 
of its asbestos property in the Antioquia 
Province. Indications are that the deposit 
has 9.3 million short tons of ore capable of 
producing 390,000 tons of chrysotile 
asbestos. Production at a 20,000-ton annual 
rate is planned to begin in 1979. 

France.—French imports of asbestos in 
1975 were less than 80% of those in 1974, 
with the Canadian strike clearly responsi- 
ble. In 1974, a typical year, the suppliers of 
asbestos to France were Canada, with 48% 
of the market; the U.S.S.R., with 31%; the 
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Republic of South Africa, 11%; and Italy, 
10%. 

Japan.—The large market in Japan for 
asbestos also declined significantly in 1976. 
The 29% drop in imports from 1974 cannot 
be explained by the Canadian strike alone, 
because other vendors' sales were also 
down. In 1974 Australia had 5% of the 
market, Canada, 39%, the Republic of 
South Africa, 35%, the U.S.S.R., 18%, the 
United States, 2%, and other, 1%. 

Oman.—The Sultanate of Oman, in 
announcing newly found mineral deposits 
in the northern part of the country, in- 
cluded asbestos among the minerals to be 
developed for use in domestic industry. 

South Africa, Republic of.—The Republic 
of South Africa’s asbestos producers enjoyed 
what that nation’s press called “spectacu- 
lar" pre-tax gains from 1975 sales. World 
market price increases and the heightened 
demand brought on by the Canadian strike 
were the main reasons. Inventories were 
depleted as exports totaled an estimated 
150% of production. Amosite production 
declined 696, while local sales and exports 
increased by 136% and 92%, respectively. 
Chrysotile production was up 2196, and 
local sales and exports were up 14% and 
57%, respectively. Crocidolite production 
was also up 6%, but local sales and exports 
rose 73% and 62%, respectively. 

Sudan.—Gulf International (Sudan) and 
Johns-Manville Corp. were conducting a 
test drilling program on asbestos deposits in 
the Ingessana Hills of southeastern Sudan 
near the crossing of the Ethiopian border by 
the Blue Nile. Indications were favorable 
for a 100,000-ton-per-year fiber plant which 
would cost an estimated $115 million. 

Turkey.—Among the minerals an- 
nounced to be found in Eskisehir Province 
was 500,000 tons of asbestos. 

United Kingdom.—Turner Asbestos Fi- 
bers Ltd. ordered 880 short tons of Soviet 
asbestos to replace some of the declining 
supply from Cassiar's Clinton Mine in the 
Canadian Yukon. 

U.S.S.R.—A Soviet periodical* described 
the Kiyenbai asbestos deposit on the east- 
ern slope of the southern Urals. Ore in the 
deposit contains 4% asbestos, and by 1979, 
it is anticipated that a quarter of a million 
tons will be produced. Output reportedly 
will increase to 500,000 tons by 1982. To 
achieve this ore output some 14 million 
cubic yards of earth and rock will be moved. 
A new town, Yasny, has been established 
and in a few years will attain a population 
of 50,000. 


“Soviet Weekly. V. 18, No. 2, Jan. 10, 1976, pp. 14-82. 
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Table 8.—Asbestos: World production, by country 
(Short tons) 
Country’ 1974 1975 1976" 
North America: 
Canada (shipments) __ _ )))) «44 71,811,938 1,163,678 1,706,999 
7;õõͤ;ĩ˙16. AAA A ia 29 1 
5 States (sold or used by producer) -- 109,091 98,654 114,842 
T MN ERE Se eh παπα HN ERES 988 ,288 1,433 
caer ))) ο ιο ο ο 68.201 81,547 82,673 
; oe oars . ees 127, 558 24,251 22,046 
Finland? ..........-----------...----- 6,165 8,078 a 
JJ!!! ee ee re 168,251 162,018 181,648 
Portugal U Ul oc eom L oma mice i mente 198 (5) n 
Uc a y Ur S 1,500,000 2,090,000 2,520,000 
Nie 18,500 14,330 14,148 
Africa: 
Egypt ;.. —0-!¶- M — πη 2 528 1,208 
ozambique — dr — — — ———À!—— HM ισα = 2: = = 
Rhodesia, Sou uA nen E ce 8 180,000 180,000 180,000 
South Atrios, Republic a : $91,001 407,679 
cM po Mc παω μα 141,796 445,486 «46,128 
9 People’s Republic ooo 165,000 165,000 165,000 
i nd eee eee eee 784,674 $9,015 050 
Indi o neo noter et e TUE 653 654 24,965 
πι πω αιμα ꝛ% ] ³ μαμα T5,655 5,084 8,491 
Korea, Republic of ....................----.---.-.-------.---------------- 6,294 4,190 5,249 
Taiwan on ο ατομα cce 79,260 1,915 940 
Thailand το ³!. m (5) (5) 11 
TIRE) oio ß ß τες 17,181 17,081 10,557 
Oceania: Australian 84,021 52,813 83,841 
„ d eue eu Na 74,582,820 4,564,130 5,565,910 
*Estimate. Preliminary. 
1In addition to the countries listed, North Korea, and Romania also produce asbestos, but available 
Ui» ου... output leve 
*Includes asbestos flour. 
Revised to zero. 
‘Exports. 


TECHNOLOGY 


In 1976, as in previous years, much of the 
research on asbestos concerned the prob- 
lems arising from alleged health effects and 
regulations (both current and proposed) to 
minimize the hazards. By the July 1, 1976 
changeover date to the 2-f/cm? level, the 
asbestos-containing product industry and 
the domestic-asbestoe-producing industry 
were generally in compliance, but engineer- 
ing research aimed at further reduction of 
dust-exposure levels continued. 

The NIOSH method of monitoring the 
workplace and identifying asbestos contin- 
ued to be a matter of controversy. At least 
two separate actions took place late in 1976 
because of this controversy: 

The National Bureau of Standards agreed 
to determine the asbestos content of a series 
of talc samples for OSHA, using the NIOSH 
method (as given in 29 CFR 1910.1001) and 
OSHA's "Asbestos Fiber in Air" Method 
(No. P & CAM239, dated Mar. 90, 1976). 


The Bureau of Mines has established a 
Particulate Mineralogy Unit at its College 
Park, Md., Metallurgy Research Center. In 
the announcement made November 165, 
1976, the Director of the Bureau stated, “Its 
job is to develop a solid scientific basis for 
research into particle- related pollution 
problems and for the process of decision- 
making by regulatory bodies. A major 
activity of the Particulate Mineralogy Unit 
will be characterizing morphological, com- 
positional, and structural distinctions 
between asbestos and nonasbestos particles. 
The new unit also will work to develop new 
and improved methods for positively identi- 
fying small particles. 

The National Institute of Environmental 
Health Science’s animal-feeding study to 
determine if ingested asbestos is carcino- 
genic was proceeding on schedule, but no 
results were reported in 1976. 
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No.1 Crude (greater than 19mm) 
4 No.2 Crude 
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South African crocidolite 


$22 SK 


GK, S44, RK 


Ü 10 20 


South African amosite 


30 40 


Asbestos fiber lengths, (millimeters) 


Figure 2.—Asbestos fiber lengths (millimeters). 


The International Agency for Research 
on Cancer (IARC) of Lyon, France, initiated 
a three-pronged study into carcinogenic 
activity of man-made mineral fibers used as 
asbestos substitutes. The European glass- 
fiber and textile industries asked IARC to 
carry out epidemiological studies in 70 
factories and 15 countries, laboratory stud- 
ies on animals, and fiber-dust measure- 
ments in factories using these materials. 

The search for asbestos substitutes con- 
tinued. One product now available com- 
mercially in the United Statos and Europe 
that could affect the future of the asbestos 
industry is glass-reinforced cement. The 
glass used is a high-zirconia, alkali-resistant 
fiber developed by the United Kingdom’s 
Building Research Station. However, sev- 
eral drawbacks to the product were re- 


ported: The glass fibers have inferior drain- 
age characteristics; they require a costly 
spray-suction forming process; the strength 
gradually fails with time; and the fibers 
currently cost about four times as much as 
the equivalent asbestos.* 

Asbestos shortages and projected de- 
mands indicated serious depletion of re- 
serves by the end of the century. Acceler- 
ated research seems needed to find substi- 
tute fibers that will have at least some of 
the desirable asbestos characteristics of 
Strength, chemical inertness, heat resist- 
ance, and economy in the same fiber. 

Figure 2 provides the metric equivalent of 
fiber descriptions in the English system or 
Quebec Standard Classification. 


5Industrial Minerals (London) Asbestos Alternatives, 
No. 109, October 1976, pp. 45-47. 
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Barite 


By Stanley K. Haines! 


Domestic production of barite decreased 
6% from 1.32 million tons in 1975 to 1.23 
million tons in 1976. Nevada continued as 
the leading producing State with 7396 of the 
total production of primary barite; however, 
production in Nevada declined 5% below 
1915 levels. Imports of crude barite increas- 


ed 43% to 905,000 tons. All major end-uses 
of ground barite increased compared with 
1975 levels, for α total consumption of 2.2 
million tons. The oil- and gas-well drilling 
industries were the leading consumers of 
ground domestic and imported barite with 
90% of the total. 


Table 1.—Salient barite and barium-chemical statistics 
(Thousand short tons and thousand dollars) 


1972 1973 1974 1975 1976 

lii sn ires : 
Sold or used by producers _______________ 906 1,104 1,106 71.318 1,234 
MAJUS n ee c S ο $14,883 $16,688 $16,822 1821, 200 $28,689 
mopona for consumption 624 716 129 634 905 
RE οσο καμμια 648 $1,596 $8,680 $8,541 $17,671 
Crushed and ground, sold or used |... 1,461 1,571 1,687 1,807 2,192 
CC „ 252 

um 80 ucers _________ 
Value 7 EPE TOUR κ ον $13,869 $13,899 $15,751 $15,556 $12,389 
World: Production __ _ hkk 4,360 4,945 r5,109 r5,358 5,457 
Revised. 
Table 2.—Barite sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 
1975 1976 
n: Quantity Value Quantity Value 

67 παπα σι πιω Eccl 2 90 W W 
σπα 2-057222 ĩé A 1 W W W 
öĩ*ðd xf ĩð .. ke 171 3.989 124 3,860 
Nevada ο ĩ]⁰ iA 8 7947 711,533 900 18,879 
Other State! __ rA AAA 198 5,647 210 6,450 
Total? ted 71,318 721,200 1,234 28,689 


Revised. W Withheld to avoid disclosing individual company confidential data, included with Other States.“ 
Uncluding Arkansas, Georgia, I „Illinois, Montana, Tennessee, and States indicated by symbol W. 
?Data may not add to totals shown because of independent rounding. 


DOMESTIC PRODUCTION 


Producers sold or used 1,234,000 tons of crude or run-of-mine barite, flotation con- 
primary barite in 1976. Primary barite is 
the first marketable product and includes Physical scientist, Division of Nonmetallic Minerals. 
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centrates, and other beneficiated material 
such as washer, jig, or magnetic separation 
concentrates. 

Barite was produced at 36 mines: 17 in 
Nevada, 10 in Missouri, 3 in Arkansas, 2 in 
Georgia, and 1 each in Idaho, Illinois, Mon- 
tana, and Tennessee. Nevada remained the 
leading producing State with 73% of the 
total quantity and 64% of the total value. 
The other producing States were, in de- 
scending order of ^»roduction, Missouri, 
Arkansas, Georgia, Tennessee, Montana, 
Idaho, and Illinois. 

Run-of-mine barite sold or used by pro- 
ducers represented 48% of total production, 
other beneficiated material, 44%; and flota- 
tion concentrate, 8%. 

The leading producers of domestic barite 
for use in well drilling were (in alphabetical 
order) Baroid Div., NL Industries, Inc., with 
mines in Arkansas, Missouri, and Nevada; 
Dresser Minerals Div., Dresser Industries, 
Inc., with mines in Missouri and Nevada; 
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and Minerals Div. Milchem, Inc, with 
mines in Missouri and Nevada. 

Barite for chemical, glass, and filler uses 
was sold by C. R. Wood Co., Inc.; Dresser 
Minerals Div., Dresser Industries, Inc.; In- 
dustrial Chemical Div., FMC Corp.; IMCO 
Services Div., Halliburton Co.; Milwhite Co., 
Inc.; New Riverside Ochre Co.; De Lore 
Products, Industrial Chemicals Div., NL 
Industries, Inc.; Paga Mining Co.; Minerals, 
Pigments, and Metals Div., Pfizer, Inc.; and 
Standard Slag, Inc. 

Imported and/or domestic barite was 
ground at 44 plants in 12 States. Texas with 
nine plants and Louisiana with seven had 
the heaviest concentration of grinding 
plants, due to the availability of port facili- 
ties for imported barite and the close prox- 
imity to areas of high drilling activity. 
Other States with grinding plants were 
Missouri, with six operations; Nevada and 
Utah, five each; California, four; Arkansas 
and Georgia, two each; and Alaska, Illinois, 
Montana, and Tennessee, one each. 


CONSUMPTION AND USES 


Barite for use as a weighting agent in oil- 
and gas-well drilling fluids represented the 
dominant end-use of crushed and ground 
barite in 1976. Total quantity consumed for 
this use increased 2196 to 1,986,000 tons in 
1976 owing to increased drilling activity; 
total footage drilled increased from 178.5 
million feet in 1975 to 181.7 million feet. 
Barite for use in the manufacture of barium 
chemicals and paint increased 990 and 43%, 
respectively. Other uses declined 1196, and 
included filler in rubber and plastics; flux, 
oxidizer, and decolorizer in glass manu- 
facture; and miscellaneous uses, includ- 


ing ballast for ships, heavy concrete ag- 
gregate, and unspecified industrial uses. 
The data in table 3 are mainly for ground 
barite, but they also include the relatively 
small quantity of crushed barite used pri- 
marily in the barium-chemical industry. 
Barite is the principal raw material used 
in the production of barium chemicals. Pro- 
ducers of barium chemicals in 1976 were J. 
T. Baker Chemical Co., Phillipsburg, N. J.; 
Chemical Products Corp., Cartersville, Ga.; 
Industrial Chemical Div., FMC Corp., Mod- 
esto, Calif.; Mallinckrodt, Inc., St. Louis, 
Mo.; and Chemical Div., Sherwin-Williams 


Table 3.—Crushed and ground barite sold, by use! 


1975 
ue Short tons 

Barium chemicals 71,188 
Filler or extender: 

Paint .——------------—-- 34,817 

Rubber ........-----------. W 

Well dril drilling - 35 E 1,688,370 

Other uss 85,221 

Total c %». wm LL 1,830,196 


Percent 
of total 


2,204,817 1 


W Withheld to avoid Ες individual company confidential data, included with “Other uses.” 


1Includes imported bari 


Unes reported by producers of ground and crushed barito, excep for barium chemicals 


3Quantities reported by consume 


BARITE 


Co., Coffeyville, Kans. Sherwin-Williams 
also produced lithopone. 

IMCO Services Div., Halliburton, Inc. fin- 
ished construction of a jig, table, and 
flotation plant at Mountain Springs, Nev. 
The capacity of the facility is about 150,000 
tons per year. IMCO also installed a second 
mill at Battle Mountain, Nev., and a jig 
plant at its Norris (Clipper) mine in Lander 
County, Nev. 

The Mining and Minerals Div. of Chrom- 
alloy has begun construction of a heavy- 
media concentrating plant at Castle Island, 
Alaska, to produce barite for the Alaska 
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drilling market. Chromalloy has also 
installed a jig plant near Marion, Ky. 

Milchem, Inc., began exploratory drilling 
and quality testing on the Fancy Hill barite 
property in Montgomery County, Ark. 

Sales of barium carbonate increased 2596 
from 28,018 short tons in 1975 to 34,991 
short tons in 1976. Total production increas- 
ed 37%. Barium carbonate is used in the 
manufacture of television picture tubes (for 
screen control), in brick and tile, in barium- 
ferrite manufacture, and for many other 
purposes. 


Table 4.—Barium chemicals produced and sold by producers in the United States in 1976: 


Sold by producers 
Barium chemical Plants ti 
(short tons) í Quantity ) Value 

Barium carbonat 4 $5,488 34,991 $4,857,355 
Barium chloride %% 8 Ld w b 
Barium hydroxide |... _ ---- 
Black ash . .—— μα ¼v ee 2 W W W 
Blanc f.e 1 W W 
Other barium chemicals 4 24,825 17,107 1,581,596 

Toul zo p es t 16 60,318 52,098 12,888,951 


W Withheld to avoid disclosing individual company confidential data; included with “Other barium chemicals." 
data reported by barium-chemical plants that consume barite are included. 
2A plant producing more than one product is counted only once. 


PRICES 


Prices for chemical, filler, and glass 
grades of barite increased while those for 
drilling-mud grade remained constant, ac- 
cording to the Engineering and Mining 
Journal. The prices listed in table 5 are 
from trade publications; they serve as a gen- 
eral guide but do not necessarily reflect 
actual transactions. 


The average value per ton of crude barite 
was $23.25, a 4496 increase over the 1975 
value of $16.08. The average value per ton 
of crushed and ground barite increased to 
$42.56 in 1976, from $40.44 in 1975. 


*Stevens, R. M., Barite. Mining Engineering. V. 29, No. 
8, March 1977, pp. 53-54. 
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Table 5.—Barite price quotations in 1976 


I Price 
Item short lon 
Barite:! 
Chemical, filler, glass grades, f.o.b. shipping point, carload lots: 
Handpicked, 95% BaSO,, not over 1% fe $42.50- $50.00 
Magnetic or flotation, 96% BaSO,, not over 0.5% fe 60.00- 70.00 
ce 99.5% BaSO,, 325 mesh, 50-pound bass 60.00- 80.00 
Ground, d, εὐ ὅθ BaSO,, 396-1296 Fe, specific gravity 4.20-4.30, f.o.b. shipping point, E 
Piri imported, specific gravity 4.20-4.30, c.i.f. gulf ports _____________________ 19.00. 28.00 
Darium cbi chemicals? 
Preci bulk, i Ὃν ο (00) 250.00- 215.00 
p., c.l., freight equalized (ton)... „„ a 

Electronics grade, bags, same basis ꝛ „„ 255.00 

Barium chlori s 
Purified Fe cryst., ο... ο J NIRE eee y ee να 1.24 
DM — — c.l. hid Zh o a sn NM EUM EL Sus ENDE 800.00 
3322 I EM ενος πο ανὼ 400.00 
. — Tr di 250 pound drums, 1,250 d lots 25 

ra grade, powder, pound lotVUUss _ -.-..-. 

Ἢ Χο ds righe iud aga c.l., νοτκκαίίοςυ)...............---------------.-.---.-.-.-.-.-.-.-. 115.00- 150.00 


Engineering and Mining Journal. V. 177, No. 12, December 1976, pp. 46-47. 
S Chemical Marketing Reporter. V. 210, Νο. 26, Dec. 27, 1976, p. 32. 


FOREIGN TRADE 


Exports of barite declined 28% from  cipient of these exports. Barite, primarily 
57,886 tons in 1975 to 41,063 tons in 1976. ground material, was shipped principally 
Canada replaced Japan as the leading re- from the following customs districts: Seat- 


Table 6.—U.S. exports of natural barium sulfate and carbonate 


1975 1976 

Coun Quantity Value Quantity Value 

ud (short (thou- (short (thou- 

tons) sands) tons) sands) 
Angola 22 oe Se 8 2,055 $145 NS -- 
Argentina n aude depre ace ώς ων ος 97 $4 
JV! s s E ee ee eek 862 19 20 4 
7Cõõ˙·Ü1bẽp“i σωμα he Span amta D 3,162 196 287 21 
Jö 88 8.768 600 26,382 1,875 
Colombia » AO. ( uut. 3 212 9 
Costa Rica —— τι / ee en a 2 1 
Sele a a 83 9 123 17 
YS Wet a E 8 4 57 8 
ιο αμμώνιο 419 87 E EN 
Guatemala________________ 2222222222222. 1, 190 9,064 543 
Indonesia. — — ]ð g NS E 
ας μμ Lu = κα. 600 53 
JAHIBICE ß ⁊ ο e UD τας E DELE SE ΚΝ 39 2 
Allo WM TIME 96,816 165 49 24 
Korea, Hepatic D u enn py eh veer CE ποσο μμ di l ES E 
Mauritius JJ. ³ð yd a 1,027 72 — m 
To ο σος ο τν τος ο v 6 704 82 
Netherlanßd sss 101 4 14 1 
New Zealand ..............-....... „ 92 = NN 
TN NCR UG uero ο LLL . u. 15 nee ES 
Panamü Llc . e μια LEE 80 1 A 
Paraguay. MCI rur 2 851 21 
ο MEET cT = 1 
Philippines o nomm ⅛•2ũme -D! PIE LE 129 10 114 11 
Singapore τς ꝛ˙ 8 20 “να 
South Africa, Republic off7ffff 281 23 130 6 
HR o ο νο cL na v y N 1,102 85 DNE VIE 
Switzerland _______ 2l l2l2l22l-- go κ. 44 2 
land Tobago_________________________ I de 2,500 220 
United Arab Emirates p "s TPA = 
nited Kingdom .................-.-.-.-.-.-.-.-------.------------- » MN 
Venezuela μαμα οσα . S C S 129 23 125 13 


BARITE 


tle, Wash. (3796), Houston, Tex. (23%), New 
Orleans, La. (15%), Detroit, Mich. (8%), and 
Great Falls, Mont. (6%). 

Imports of crude barite increased 43% to 
904,500 short tons valued at $17,677,000 in 
1976. This increase resulted from a combi- 
nation of a decline in domestic production 
and an increase in drilling activity. The 
principal source countries were Peru, Ire- 
land, and Turkey. Declared values per short 
ton of crude barite for these countries 
averaged as follows: Peru, $15.46; Ireland, 
$11.70; and Turkey, $28.00. 

Most of the crude barite imported was 
drilling-mud grade and entered the United 
States through the following customs 
districts: New Orleans, La. (41%), Houston, 
Tex. (21%), Laredo, Tex. (15%), Port 
Authur, Tex. (12%), Galveston, Tex. (11%), 
and a small quantity through El Paso, Tex., 
and New York, N.Y. 

Imports of ground barite decreased 6696 
to 13,288 tons valued at $151,687. Mexico, 
the leading source country, reportedly ex- 
ported 6 short tons of crude witherite (natu- 
ral barium carbonate) to the United States, 
and West Germany reportedly exported 278 
short tons of ground witherite to the United 
States. These data are open to question 


since there has been no reported production 
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of witherite since the Settlingstone mine in 
northern England was closed in 1969. A 
recent inquiry by the Bureau of Mines to 
officials in West Germany brought a reply 
that stated that there was no production of 
natural witherite in 1976. Imports into 
West Germany of crude witherite of un- 
known origin were 7,718 short tons, but 
there was no breakdown between natural 
and manmade. The imports of the United 
States from West Germany were probably 
precipitated (manmade) barium carbonate. 

Imports of barium chemicals increased 
55% compared with those in 1975. The 
following categories showed significant in- 
creases in quantity imported: Lithopone 
(360%), precipitated barium carbonate 
(255%), barium chloride (186%), and blanc 
fixe (46%). Imports of barium hydroxide, 
barium nitrate, and other barium com- 
pounds declined. 


Table 7.—U.S. exports of lithopone 


Table 8.—U.S. imports for consumption of barite, by country 
(Thousand short tons and thousand dollars) 


Country 


— < Nx om ow «παν s s MN E E d NN E E d —— πα αρ «απο — 


<a < a s ow ow a — — D A Y ow o A cm a —— G < s 4 s s 8 ow < 


lLess than 1/2 unit. 


Quantity Value 
Year (short (thou- 
tons) sands) 
Γκ i AA AAEE 1,185 $967 
1975.2 uml 1,833 1,060 
1976; ο ος E 779 987 
1975 1976 
Quantity Value Quantity Value 
41 541 62 861 
PRA a 12 283 
11 185 " SEE 
aps .- 27 1,079 
9 159 (1) 1 
RS zt 4 77 
47 839 17 385 
107 1.197 199 2.328 
104 1.310 106 1,605 
41 1 101 8,078 
mes 18 561 
261 8,022 210 3,246 
— =a ss 149 4,178 
1 2 PN EN 
634 8,541 905 17,677 
3 307 (3) 7 
Sa EN (3) 
ΗΕ --- (1) (1) 
404 13 143 
(1) 12 en EM 
88 723 18 152 
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Table 9.—U.S. imports for consumption of barium chemicals 
Blanc fixe š; : 
"m Barium Barium 
Li tated : : 
— barium sulfate) mone λα, 
Y 
ind ⁄ QR Value Quan vValue Quan- Vale Quan- value 
chert ev) (short nde) (hort QO (short nde 
tons) tons) tons) tons) 
1914 -— o οκ 262 $139 8,843 $2,278 13,455 $3,545 10,072 $4,178 
1975.2 ] 6m ² ιδιο 15 6 5,443 2,047 1,199 2,595 1,492 
// ˙i—»ü ώμος 69 25 7,971 643 8,425 690 422 090 
: Barium carbonate Other barium 
Barium nitrate precipitated compounds 

Quanti Value Quanti Value Quanti Value 

8 (thou- ut (thou- ανα (thou- 

tons) sands) tons) sands) tons) sands) 
1914 οσον 455 $151 8,719 $1,728 1,577 $1,029 
7 AA 59 233 681 11 411 196 

1976 - hr 520 122 


2,420 428 86 102 


Table 10,—U.S. imports for consumption of crude, unground, and crushed or ground 
witherite 


Crude, unground Crushed or ground 
Year Quantity Value Quantity Value 

(short tons) (thousands) (short tons) (thousands) 
111;Ü;ͤ·„ RS we 8 $1 9,432 $709 
IUD noscere ti ĩ rdc 1 (3) 84 44 
1970 ο oma 8 6 5 278 56 

1Less than 1/2 unit. 
WORLD REVIEW 


World barite production for 1976 was 
estimated to be 5.5 million short tons; 
United States production was 23% of the 
world total. 

Canada.—A final feasibility study con- 
cerning the TEA barite deposit in the Yu- 
kon Territory was slated for completion in 
July 1976. The deposit was discovered by 
Welcome North Mines in 1975. Initial plans 
call for production of 15,000 to 20,000 tons 
per year of drilling-mud grade barite. The 
deposit is a high-quality, bedded barite for 
which only minimal processing will be nec- 
essary before grinding. Reserves are esti- 
mated to be more than 1 million tons. The 
principal market will be the oil- and gas- 
well drilling operations in the Arctic. 

Mexico.—Producers of  drilling-mud 
grade barite have indicated displeasure 
with the Government's ceiling on prices 
that the State-owned petroleum company 
may pay for the barite. The current price is 
$12 per ton in Mexico. The producers be- 
lieve that they have the capacity to supply 
both the domestic and export markets if the 
price were allowed to rise. If there is no 
change in the pricing structure, producers 
have threatened to suspend operations.* 


Pakistan.—On September 27, 1976, the 
first shipment of barite moved from the 
Goonga deposits near Khuzdar to the Meyel 
oilfields. Reserves at these deposits are 
estimated at 1.2 million tons. First-year 
production is expected to be about 15,000 
tons, with an expected increase to 60,000 
tons in 5 years. The barite will be used for 
local drilling and export.* 

Other  Countries.—Atlantic Products 
Corp., a Colombian barite producer, was 
purchased by Baroid Div., NL Industries, 
Inc. Construction of or modification to bene- 
ficiation and grinding plants were reported 
in Algeria, the Netherlands, Mexico, and 
Saudi Arabia. Milchem, Inc. is planning to 
reopen a barite mine at Clontakilty, County 
Corke, Ireland. The mine which was closed 
in 1922, is expected to begin production in 
1978. 


Engineering and Mining Journal New Yukon Mine 
Will Produce Barite to Supply Artic Needs. V. 177, No. 4, 
April 1976, p. 189. 

3 Minerals (London). No. 109, October 1976, p. 
1 


5Progress (Pakistan). Barytes from Khuzdar to be Used 
at Meyal. V. 21, No. 3, October 1976, p. 1. 
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Table 11.—Barite: World production, by country 


(Thousand short tons) 
Country’ 1974 
North America: 
ος ος RERUM nya ⁰⁰⁰y k- 86 
ο E ο OPE ο ο RN 8 800 
s nited States“ ERG SOPORE ανα "το οκ DA CMS 1,106 
17777 hd ³ ³ AA ———se€ 140 
ος τα πασοκ E 2 67 
Chie ο σι τος ß 5 
CPP L u ae SZ ο 8 8 
ἵα αιμα rrt dd ĩͤ . ʒ ME 394 
ΡΤ... o u LL ul L ul ]5ꝛ˙.˙ ä xxx Q) 
Crechoslovakia®..___________________________ a 
Fiano 2 ——— emn πιο ανω μου 116 
Germany, East 22222-2- 34 
Germany, West .............--------------------.------------------------.---.-- 
ra a n a md e e he, t94 
öAv ...... 88 ae 
Itàly n oet coo ce Lr a y 1 
f ooo οι. - 57 
( ²˙ deem eie mii EE 2 
Rm emu um ee ciu Reese EE 128 
πα ο d eae sss 115 
USSR rrt mei mr m ⁰⁰ maa Z 860 
United KingdoNggmnmsAtlEsEsEgsE 55 
%%%%/ͤ/ ˙õ]³ AAA I—————————s]— 55 
jo 58 
ll e (5) 
„ d ees Sees (9 
%%% ⁰˙o¹àÄàÄAàÄAàÄATmͤ ͥ ⁰—m—dn %ð mv E UL D cea asss 103 
South Africa, Republic of _. _ ! 2 
Swatlend nomma y ea a (2) 
i d . Z u a ee ware 19 
Asia: 

e T ERE ο E A E ας ο A ολ 111 
Burma οκ... DEP WOCHENENDE E x 
China, People’s Republic of? -------------------------- 

n a eM Ne 1158 
DanPy ος 5. dy y ß ß NE d e T1390 
Japan ; . ß I LI LL DE E 
Korea, Μοτο LLL _________ loo 1130 
Korea, Republic of __ _ _ ll 
Malaygi το ος κε οκ y y S E τος m 
CCC / ⁰⁰¼mmtt hv 8 
Philippineesss sas τς. 
h ³¹ſAͥͤͤ (y AAA 8 221 
Turkey μπω f ινα αμ E δ8 
Oceania: Australia ......-.--------------.-----.-.----------------------------- ---- 8 
OCR oe he ee ee ee eee 15,109 


1975 


195 


5,457 


1In addition to the countries listed Bulgaria and Southern Rhodesia also produce barite, but available information is 


uate to make reliable estimates of output levels. 
3Sold or used by producers. 
Lees than 1/2 unit. 
*Barite concentrates. 
5Year beginning March 21 of that stated. 
*Year beginning April 1 of that stated. 
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Bauxite and Alumina 


By Horace F. Kurtz! 


World bauxite and alumina production 
increased in 1976 but remained below the 
record high levels set in 1974. Both the 
decline in production in 1975 and the 
partial recovery in 1976 resulted from 
recession-caused changes in demand for 
aluminum, the principal end use of bauxite 
and alumina. 

World bauxite production increased 2% 
to 76.3 million long tons in 1976. Output of 
alumina, the intermediate product between 
bauxite and aluminum production, rose 3% 
to about 29.6 million short tons. Australia 
replaced the United States as the world’s 
leading producer of alumina. 


U.S. bauxite and alumina production in- 
creased 11% and 13%, respectively. Imports 
provided about 36% of the new supply of 
alumina and 87% of the bauxite used by 
domestic alumina producers. 

Legislation and Government Pro- 
grams.—The Federal Preparedness Agency, 
General Services Administration, on Octo- 
ber 1 proposed new Government stockpile 
goals which would greatly reduce existing 
stockpiles of metal-grade bauxite and 
establish a new stockpile of about 11.5 
million short tons of alumina. Stocks of 
refractory-grade bauxite would be increased 
to over 2 million long calcined tons. 


Table 1.—Salient bauxite statistics 
(Thousand long tons and thousand dollars) 


United States: 
Production, crude ore (dry equivalent! 
/ a S R ee i ens 
Exports (as shipped) ))) 
Imports for consumption ! 
Consumption (dry equivalent) 

World: Production 


1972 1919 1974 1975 1976 
1,812 1,879 1,949 1,772 1,958 
23,238 $26,635 $25,663 25, $26,645 
29 12 16 15 
712,601 713,403 714,976 711,529 12,548 
15,375 16,650 16,904 712,388 13,817 
63,921 69,244 78,362 174,503 16,337 


"Revised. 
1Excludes calcined bauxite. Includes bauxite imported into the Virgin Islands. 


DOMESTIC PRODUCTION 


The production of bauxite in the United 
States increased 11% to 1.96 million long 
tons (dry equivalent) in 1976. Production in 
both Arkansas and Georgia increased, but 
output in Alabama declined. Arkansas pro- 
duced 85% of the total. All of the bauxite 
mines were open pit operations except for 
the Mars Hill underground mine of Rey- 
nolds Mining Corp. in Saline County, Ark. 

In Arkansas, Aluminum Co. of America 
(Alcoa), American Cyanamid Co., and Rey- 
nolds produced bauxite in Saline County. 
Reynolds also mined in Pulaski County. 


Both Alcoa and Reynolds delivered crude 
bauxite to their own alumina plants nearby. 
Plants producing calcined bauxite or acti- 
vated bauxite were operated by American 
Cyanamid, Porocel Corp., and Stauffer 
Chemical Co. 

In Alabama, bauxite was mined in the 
Eufaula district, Barbour and Henry Coun- 
ties, by Abbeville Lime Co., A. P. Green 
Refractories Co. Harbison-Walker Re- 
fractories Co. (Division of Dresser Indus- 


Industry economist, Division of Nonferrous Metals. 
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tries, Inc), and Wilson-Snead Mining Co. 
Drying or calcining plants were operated by 
Α. P. Green, Harbison-Walker, and Wilson- 
Snead. 

American Cyanamid and Mullite Co. of 
America mined bauxite in Sumter County, 
Ga., and operated processing plants at An- 
dersonville, Ga. 

Production at alumina plants, which had 
been reduced in 1975 because of lower 
demand for aluminum, was partially restor- 
ed in 1976. Production of alumina and 
aluminum oxide products (excluding alu- 
minates) at the eight alumina plants in the 
United States and the one plant in the U.S. 
Virgin Islands increased 1346 to an estimat- 
ed 6.6 million short tons (6.4 million tons 
calcined alumina equivalent). The total pro- 
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duction included an estimated 5.9 million 
tons of calcined alumina, 600,000 tons 
of commercial alumina trihydrate, and 
100,000 tons of tabular, activated, and other 
alumina. 

Alumina shipments by producers totaled 
6.6 million tons (6.4 million tons calcined 
equivalent) and were valued at $880 million. 
Calcined alumina shipments to primary 
aluminum plants totaled 5.7 million tons, or 
89% of the calcined equivalent of total 
shipments. The chemical industry, includ- 
ing producers of aluminum fluoride fluxes 
for aluminum plants, received over half of 
the remaining tonnage, largely as hydrate. 
Other shipments of alumina went mainly to 
producers of abrasives, ceramics, and re- 
fractories. 


Table 2.—Mine production of bauxite and shipments from mines and processing 
plants to consumers in the United States 


(Thousand long tons and thousand dollars) 


Shipments from mines and 


State and Mine p roduction processing plants to consumers 
Dry 1 As Dry 1 
Crude equivalent Value shipped equivalent Value 
Alabama and Georgia: 
ος ERE EN 227 178 2,228 131 178 4,588 
1978 L2. 2 88 241 193 2,751 171 225 5,131 
1111! Be me 212 218 2,066 154 211 6,124 
197b. oie ze een 302 229 2,127 175 236 5,622 
hi JJ c terre 869 291 2,165 135 214 8,861 
1912. ¿Z Gmꝛn 8 1.973 1,634 21,010 2,127 1,844 25,085 
197189 a aie a er 2,040 1,686 884 2,076 1,780 26,708 
Tr —⅜ĩ ! 2,098 1,731 597 2,130 1.810 26,181 
J ¹·¹ . κοκ UE C 1,862 1,543 22,956 1,883 1,599 25,486 
I/ a tee 2,013 1,667 24,481 2, 1,728 27,580 
Total United States:? 
TE e c κά LE 2,200 1,812 23,238 2,258 2011 29,618 
100 οπών 2,281 1,879 26,635 2,246 2,005 32,439 
1 2,370 1,949 25,663 2,021 32,862 
19715. 2222 (88 ,164 1,772 25,083 2,058 1,836 31,108 
1916 ο ο = 2,382 1,958 26,645 2,171 1,941 36,441 


1Computed from values assigned by producers and from estimates of the Bureau of Mines. 
Data may not add to totals shown because of independent rounding. 


Table 3.—Recovery of dried, calcined, 
and activated bauxite in the 


United States 
(Thousand long tons) 
Total processed 
Crude bauxite recovered! 
Year ore As 

treated re- Dry 

covered ent 
1972 __ 899 210 319 
1978 2. nm 338 169 281 
1974 .-—. es, 348 177 279 
1975 2:2 oes 355 179 282 
1916 -bananana 360 172 284 


1Dried, calcined, and activated bauxite. 


Table 4.—Percent of domestic bauxite 
shipments, by silica content 


SiO: (Percent) 1972 1973 1974 1975 1976 
Less than 8 _____ 6 6 2 4 6 
From 8 to 15 64 61 72 62 50 
More than 15 ... 30 33 26 84 44 
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Table 5.—Production and shipments of alumina in the United States 
(Thousand short tons) 
| Calcined Oth — 
Year cin er : 
al 1 As produced Calcined 
Tidi ικα or shipped 3 equivalent 
Production: 
JJ ³ A mec τα» 6,235 141 6,976 6,139 
ιν ο ον σα m ee mee nee eee 6,834 734 7,568 1,844 
λαο 8 7,059 153 7,812 7,589 
JJ ·¹· A ett 5,223 624 5,847 5,660 
IO E co eua ura ou Led seq. 5,900 700 6,600 6,400 
Shipments 
νιν ae TE T AEA E eT COOTER ST eR 6,222 745 6,968 6,730 
·ÜöÜ mꝛ eae 88 6,822 738 7.561 7,895 
1111 AAA ο ee 7,051 745 7,196 7,515 
öͤ·Ü iù p ο m SS LE 5,232 628 5,860 5,671 
1976 t O a 2 y LU Eu UE 5,900 700 6,600 6,400 
Estimate. 
1Trihydrate, activated, tabular and other aluminas. Excludes calcium and sodium aluminates. 
Data may not add to totals shown because of independent rounding. 
SIncludes only the end product if one type of alumina was produced and used to make another type of alumina. 
Table 6.—Capacities of domestic alumina plants, December 31, 1976: 
(Thousand short tons per year) 
Company and plant Capacity 
Aluminum Co. of America: 
Baute Ark πιστα dad ML i LLL LH E Le a EE 875 
!! Ü¹rͤ ον ⁰ ⁰ yd LE usu 990 
Poôint Comfort, Tor ß , , e LEE Mu 1,835 
TOM voc Soeur κο aga CL NE A E EE 2,100 
Martin Marietta Aluminum, Inc: St. Croix, Υ.Ι..........-----------------------------------.------------- 455 
Kaiser Aluminum & Chemical Corp.: 
Baton Roupe, La )))) NEO E ONEEN C EON AEE ELIA I EEA AEA 1,025 
Gramercy, Da "e Vddddſz ii E a ος Eel 800 
777 πμ ο πμ νι ⁵ ρα tan ÉL uu D so 1,825 
Ormet Corp.: Burnside, La o ⁰.¹. ⁰ome. omd̃ κυρ ὡς EE 88 600 
Reynolds Metals Co.: 
Hurricane Creek, Ark OÖ nae yd ie 840 
Corpus Christi, Tego eme nouem mue eie Ba d è eS ee ee ae 1,885 
Tol μμ en EM μον πώ ñ EE M un Tu 2,225 
%% / ˙²ðä q ³ ————————————— "Q——————P 7, 805 


Capacity may vary depending upon the bauxite used. 


CONSUMPTION AND USES 


Bauxite consumption in the United 
States (including the U.S. Virgin Islands) 
gained 1296 or about 1.4 million long dry 
tons. Despite the increase, consumption re- 
mained below the annual rates of 1966-74. 
About 87% of the bauxite consumed during 
1976 came from foreign countries. 

Bauxite consumed in the production of 
alumina increased 12% and comprised 93% 
of the total bauxite consumed. An estimated 


average of 2.02 long tons (dry basis) of 
bauxite was used to produce 1 short ton 
(calcined basis) of alumina. The two alumi- 
na plants in Arkansas used mainly bauxite 
mined in Arkansas, and the other seven 
alumina plants used only imported ore. 
Bauxite use by the refractory industry 
declined 296 to 401,000 tons (dry weight 
basis). Nearly all of this bauxite was used in 
the calcined form, which weighs about 65% 
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of the dry equivalent weight. Imports com- 
prised 78% of the bauxite used in refracto- 
ries. Refractory producers reported receipts 
of about 90,000 tons (dry basis) of domestic 
bauxite and 430,000 tons of imported ore. 
An estimated 93% of the foreign bauxite 
came from Guyana, and most of the re- 
mainder came from Surinam. 

Five companies consumed calcined baux- 
ite in the manufacture of artificial abra- 
sives. Over half of the bauxite received by 
these companies came from Surinam. Aus- 
tralia and the People's Republic of China 
provided most of the remainder. Total con- 
sumption by the abrasives industry increas- 
ed 35% in 1976. The Carborundum Co. 
announced the installation of a new furnace 
to produce aluminum oxide abrasive mate- 
rial at its facilities in Niagara Falls, 
Canada.* Data on consumption by the abra- 
sives industry include bauxite fused and 
crushed in Canada because much of the 
fused product is made into abrasive wheels 
and coated products in the United States. 
About 10% to 15% of this material is used 
for nonabrasive applications, principally re- 
fractories. 


Table 7. —Bauxite consumed in the 
United States by industry 


(Thousand long tons, dry equivalent) 


Year and industry Domestic Foreign Total! 
1975: 
Alumina ________ 1,581 9,966 11,497 
Abrasive? _______ = 193 193 
Chemical r 3106 3182 7221 
Refr actor 94 316 410 
Other W W 67 
Total |. |. .. 11,731 10,657 "12,388 
1976: 
Alumina ________ 1,652 11,254 12,905 
Abrasives M 260 260 
Chemical 367 3184 184 
Refractory _______ 87 314 401 
Other W W 67 
Total!! _______ 1,806 12012 18,817 


"Revised. W Withheld to avoid disclosing individual 
company confidential data; included with “Chemical.” 
1Data may not add to totals shown because of indepen- 
dent rounding. 
Includes consumption by Canadian abrasive industry. 
Includes other uses. 
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Bauxite consumption in the chemicals 
industry decreased 17% from 221,000 tons 
(revised) in 1975 to 184,000 tons in 1976. 
Guyana and the United States were the 
principal sources of bauxite for this indus- 
try. The production of commercial alumi- 
num sulfate in the United States, according 
to the Bureau of the Census, decreased 
from 1.16 million short tons (revised) in 
1975 to 1.09 million tons in 1976. 

Other consumers of bauxite, in descend- 
ing order of magnitude, included the ce- 
ment, oil and gas, and steel and ferroalloys 
industries, and municipal waterworks. 

Thirty-one U.S. primary aluminum 
plants consumed 8,117,000 short tons of 
calcined alumina, 8% more than the 
7,508,000 tons consumed in 1975. Alumina 
consumption data for other uses were not 
available. A significant quantity was used 
to make aluminum fluoride and synthetic 
cryolite, which is also used in the pro- 
duction of primary aluminum. 


2Larsen, R. New Carborundum Furnace To Hike Alu- 
minum Oxide Output, Cut Costs. Am. Metal Market, v. 83, 
No. 126, June 28, 1976, p. 11. 

*Bureau of the Census, U.S. Dept. of Commerce. Current 
Industrial Reports, Inorganic Chemicals, Summary for 
1976. M28A(76)-18, May 1977, p. 2. 


Table 8.—Crude and processed bauxite 
consumed in the United States 


(Thousand long tons, dry equivalent) 


Type Domestic Foreign Total! 


origin origin 
1975: 
Crude and dried 1,546 10,142 11,688 
Calcined and 
activated _____ T185 515 7700 
Teta! 11,731 10,657 712,388 
1976: 
Crude and dried 1,669 11,488 13, 102 
Calcined and 
activated _____ 137 578 715 
Total ________ 1806 12012 13,817 


"Revised. 
1Data may not add to totals shown because of indepen- 
dent rounding. 
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Table 9.—Production and shipments of 1 aluminum salts in the United States, 
in 1975 


(Thousand short tons and thousand dollars) 


Total shipments 
i "Number Podis including interplant 
"m producing tion transfers 
plants Quantity Value 
Aluminum sulfate: 

Commercial (17% AlgOs) __ ---- 68 1,158 1,115 73,087 

Municipal (17% AlgOs) --------------- 3 5 XX XX 

Iron-free (17% AlgOs) 2-2 ----- 18 252 251 7,988 
Aluminum chloride: i 

Liquid (82°Bé) _. P ---- 5 W W W 

Crystal (32 Bé) 

Anhydrous (100% AICls) _..______-____ 5 27 18,245 
Aluminum fluoride, technical 4 130 127 46,003 
Aluminum hydroxide, trihydrate 

(100% Al903*3H30) ............-- -.-- -.-.-.-.-.-.-..-.. -. 6 421 400 W 
Other inorganic aluminum compounds! |... XX XX XX 84,956 


W Withheld to avoid disclosing individual company confidential data. XX Not applicable. 
Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 


Source: Data are based upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments and 


Production of Inorganic Chemicals. 


STOCKS 


Total inventories of bauxite in the United 
States declined 2% to 20.4 million long dry 
tons during 1976. The overall decrease was 
largely the result of a reduction in stocks at 
alumina plants. Abrasives producers rebuilt 
inventories, which had been reduced signifi- 
cantly in 1975. Government stockpiles of 
bauxite were unchanged. 

The Government stockpile at the end of 
1976 was composed of 8,859,000 tons of 
Jamaica-type bauxite, 5,937,000 tons of 
Surinam-type bauxite, and 175,000 tons 
(270,000 tons, dry basis) of calcined 
refractory-grade bauxite. About 637,000 
tons of the Surinam-type bauxite had been 
sold but not removed from the stockpiles. 

Inventories of alumina and related pro- 
ducts at plants producing alumina and pri- 
mary aluminum declined to an estimated 


Table 10.—Stocks of bauxite in the 
United States! 


(Thousand long tons, dry equivalent) 


Dec. 31, Dec. 31, 
Sector 1975 1976 

Producers and 
processors 1486 496 
Consumers? ______________ 715,209 4.869 
Government 15,066 15,066 
z oou cu. vc nme 120, 761 20,431 

TRevised. 


Domestic and foreign bauxite; crude, dried, calcined, 
activated; all 

?Includes bauxite stockpiled by the U.S. Government 
curing World War II and purchased by Reynolds Metals 


13 million short tons. The Government 
held no stocks of alumina except in the form 
of abrasive grain and crude fused aluminum 
oxide. These stockpiles were reduced 5% to 
322,000 short tons. 

In October the Federal Preparedness A- 
gency proposed new government stockpile 
goals which would replace the previously 
established stockpile objectives for various 
strategic materials. The following were 
included in the proposed new goals: 


Bauxite: 

Metal grade: 
Jamaica type long dry tona i κα 
Surinam type ____________ 
Refractory grade _ long calcined iom = 2,088,000 


short tons__ 11,532,000 


0O- --— zs 


Table 11.—Stocks of alumina in the 


United States 
(Thousand short tons) 
Dec.31, Dec. 91, 
Sector 1975 1916 

Producers ________________ 217 180 

i aluminum plante 1,241 1,120 

Total nn 2 u L 2 uuu T cot 1,458 1,800 
*Estimate. 


1Excludes consumers stocks other than those at pri- 
mary aluminum plants. 
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PRICES 


Prices on most of the bauxite and alumi- 
na produced throughout the world are not 
quoted because the large tonnages used by 
the aluminum industry are usually obtain- 
ed from affiliated companies or purchased 
under long-term negotiated contracts. 

Bureau of Mines estimates of the value of 
domestic production were based on incom- 
plete data supplied by producers. The Bu- 
reau's estimated average value of crude 
domestic bauxite shipments in 1976, f.o.b. 
mine or plant, was $11.30 per long ton. The 
average value of shipments of domestic 
calcined bauxite was estimated at $67 per 
ton. Bauxite values among producers varied 
widely because of differences in grade. 

The value of imported bauxite consumed 
at alumina plants in the United States was 
believed to have increased in 1976, but 


sufficient company data were not available 
to determine an average value. Prices pub- 
lished by Engineering and Mining Journal 
for supercalcined refractory-grade bauxite 
from Guyana, car lots, f.o.b. Baltimore, Md., 
or Mobile, Ala., increased about $12 per ton 
to $119.16 per long ton in January 1976 and 
remained at that level throughout the year. 

The estimated average value of domestic 
calcined alumina shipments was $132 per 
short ton. Shipments of alumina trihydrate 
also averaged $132 per ton. The average 
value of imported alumina (including small 
quantities of hydrate), as reported by the 
Bureau of the Census, was $111.60 per ton 
at port of shipment and $119 per ton at U.S. 
ports (c. i. f.). Exports of alumina from the 
United States and the Virgin Islands aver- 
aged $138.10 per ton. 


Table 12.—Average value of U.S. imports of crude and dried bauxite in 1976: 


(Per long ton) 
Port of shipment Delivered to U.S. ports 
Country? (fas. (cif) 
Dominican Republik $26.19 $30.12 
unn (hh 88 18.90 26.44 
GÜüVADa ouo μασ σε» 25.20 34.30 
Ha L1 5o ο ολο ee ος 21.51 81.65 
%/ͤ;»ͤ;¹? l 25.85 28.54 
Surinam. τε A S usus su ca 22.35 80.16 
7 ͤ Kyd dy PRIMER 10.00 17.70 
Weighted average 24.16 28.74 


Not adjusted for moisture content. 
2Excludes bauxite imported into the U.S. Virgin Islands. 


Source: Based on data reported to U.S. Customs Service and compiled by the Bureau of the Census, U.S. Department of 


Commerce. 


Table 13.— Market quotations on alumina and aluminum compounds 


(In bags, carlots, freight equalized) 
Compound Jan. 2, 1976 Dec. 31, 1976 
κ μι μπω Exc tu EE per pound $0.08 $0.079 
Alumina, hydrated, hey do- 06 059 
Alumina, activated, granular, work do... _ .1865 0.16-.18 
Aluminum sulfate, commercial, ground (17% Alq303) )) per ton 111.00 121.00 
Aluminum sulfate, iron-free, dry (17% Al303). _ _ - --- do_ _ _ _ 140.00 140.00 


Source: Chemical Marketing Reporter. 
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FOREIGN TRADE 


U.S. exports classified as “bauxite and 
concentrates of aluminum excluding alumi- 
na" totaled 15,000 long tons in 1976 and 
were valued at $1.3 million. Canada receiv- 
ed 91% of the total and the United King- 
dom about 7%. 

Exports of alumina, including 35,000 
short tons of aluminum hydroxide, increas- 
ed 13% to 1,158,000 tons. The total included 
shipments of 272,000 tons to the U.S.S.R. 
and 37,000 tons to Venezuela from the 
alumina plant in the U.S. Virgin Islands. 
Most of the remaining exports were ship- 
ments from domestic alumina plants on the 
Gulf Coast to affiliated aluminum plants in 
Canada, Ghana, Mexico, and Norway. 

Aluminum sulfate exports increased for 
the fourth successive year and totaled 
51,000 short tons at a reported value of $1.6 
million. About 33,000 tons was shipped to 
Brazil, 8,000 tons to Venezuela, and 6,000 
tons to Canada. Exports of artificial corun- 
dum or fused aluminum oxide decreased 
19% to 22,000 tons, valued at $14.8 million. 
Canada, the largest recipient among 55 
countries, received 8,000 tons. Exports clas- 
sified as “other aluminum compounds" de- 
clined slightly to 41,000 tons, valued at $21 
million. Much of the tonnage in this catego- 
ry was believed to be aluminum fluoride 
and synthetic cryolite shipped to other 
countries for use as a flux in making pri- 


mary aluminum. About 12,000 tons was 
shipped to Canada, 9,000 tons to Ghana, and 
6,000 tons to Surinam. 

The United States imposed no duties on 
imports of bauxite, alumina, or aluminum 
hydroxide in 1976. All duties on these com- 
modities were suspended in 1971. 

Imports of crude, partially dried, and 
dried bauxite into the United States and the 
U.S. Virgin Islands increased 9% to 12.5 
million long tons from 11.5 million tons 
(revised) in 1975. The increase was attribu- 
ted to a partial recovery in demand for 
aluminum, which resulted in the reactiva- 
tion of some of the domestic aluminum and 
alumina facilities shut down in 1915. 
Receipts increased from all major import 
sources except Surinam and the Dominican 
Republic. Jamaica provided about half of 
the total, and Guinea provided nearly one- 
quarter. Receipts from Surinam were 12% 
of the total, down from about 20% in 1973 
and 30% in 1966. Guyana and Haiti each 
provided 5% of the 1976 total, and the 
Dominican Republic supplied 4%. 

Calcined bauxite imports dropped 1190 to 
309,000 long calcined tons. Most of these 
imports were refractory-grade bauxite from 
Guyana. Additional calcined bauxite was 
imported into Canada from Surinam and 
Australia for manufacture into crude fused 
aluminum oxide, much of which was subse- 


Table 14.—U.S. exports of alumina,' by country 
(Thousand short tons and thousand dollars) 


1974 
Country tity 
Αυαἰτα]ἱία.............-----...---.-.---.-.-. 2 a 
France ___ 2 
Germany, Wett 5 
Ghana lul i ee 241 
J A ĩ es 4 
VADER 255 2 y metes 8 
Mexico τος 6p y 88 128 
Norway 22 1191 
Poland ÜÄ˙²§³?W ᷣ 888 (2) 
Sweden .— -----------------—— 6 
SSR o nonu emo sr A T94 

United Kingdom 5 
Venezuela ___________________ 54 
Yugoslavia |... 2 ________ _ ) 
Gö;ͤ;ð»; A mmm a 13 

Total ος ο ¾5Ä˙-A“ 8 1.022 

TRevised. 

Includes ex i τί ο”... 
exported from 


3 ess than 1/2 bred 


1975 1976 

Value Quantity Value Quantity Value 
1,098 2 896 2 862 
25,836 217 30,350 314 47,912 
672 2 556 4 1,329 
2,103 4 2,565 4 3,091 
15,542 156 15,112 243 29,410 
1,147 228 (2) 36 
5,931 4 4,329 2 2,879 
11,121 131 6,483 124 17,407 
120, 763 1164 719,961 48 5,390 
18 (3) 21 28 3,248 
888 1 442 29 3,420 
το 338 T158 716,935 212 ,808 
1,998 4 2,181 6 2,509 
5,082 104 9,812 78 9,503 
16 69 7,258 z: c 
5,900 13 6,944 9 6,114 
105,953 1,029 134,073 1,158 159,918 


droxide: 1974— 28,000 tons, 1975— 24,000 tons, 1976— 835,000 tons; includes alumina 
to foreign countries: 1974— 284,000 tons, 1975—263,000 tons, 1976— 309,000 tons. 
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quently used in abrasive and refractory lia, largely to aluminum plants in the Pacif- 
products in the United States. ic Northwest, increased 2896 and provided 

Alumina imports, including small quanti- 7696 of the total imports. Receipts from the 
ties of aluminum hydroxide, rose 3% to 3.6 other two principal suppliers, Jamaica and 
million short tons. Shipments from Austra- Surinam, declined. 


Table 15.—U.S. imports for consumption of bauxite, crude and dried, by country! 


(Thousand long tons) 

Country 1974 1975 1976 
Australia 93 E 
Dominican Republic?  . ..................................... 11, 190 7742 509 
ei eee ο κ ανν 
Guill —— ³Wöm•i᷑ꝛ πο οκ ανω A 1,670 2,598 8,016 
Guyana u eum a i HD Cees 749 295 
HEU. u AA x Seo Oh a d 3586 495 606 
Jamaica? ___ e i νοκ 7,166 5,896 6,185 
Sierra Leone____ ; a -m 28 
SUüFInAm 405 Duy c et ced i ie p E 2,907 1,857 1,544 
J ⁰⅛ r: vr. ĩð v 8 12 EE (5) 

Total zoll ge cute d Lud 7 wma ĩ² K. PL Ds 114, 976 711,529 12,548 


r Revised. 

Includes bauxite imported into the U.S. Virgin Islands from foreign countries: 197/4761, 000 tons, 1975— 939,000 tons, 
1976—902,000 tons. 

*Dry equivalent of shipments to the United States. 

SLess than 1/2 unit. 


Table 16.—U.S. imports for consumption of bauxite (calcined), by country 
(Thousand long tons and thousand dollars) 


1974 1975 1976 
Quantity Value Quantity Value Quantity Value 

China, People's 

Republic ooo 1 31 14 350 11 861 
GUVNIAR ες esce E eu 252 17,433 255 22,585 263 22,546 
, esi 50 2,153 64 2,291 83 1,790 
Trinidad and i - a " 

Tobago Lu mue m PPS δ 1,4 ) 
i edi E E 1 115 (2) 8 2 176 


Ill IE saa 304 19,732 848 26,692 809 25,998 


1Shipments probably originated in Guyana or Surinam. 
WLess than 1/2 unit. 


Table 17.—U.S. imports for consumption of alumina, i by country 
(Thousand short tons and thousand dollars) 


1974 1975 1976 
Country ————— r 
Quantity Value Quantity Value Quantity Value 
Australia. _ ~~ __________ 2,202 154,376 2,154 201,748 2,151 284,497 
Canada 2... _ _ A 20 2,322 21 8,289 14 2,504 
Finland .............-.--------------΄ 4 1,798 ad. Es PAN 
France ___ _ _ ee a 9 9,554 11 14,568 . 10 18,734 
Germany, Wet 6 2,605 4 2,126 6 3,485 
Guyana a a se 10 609 22 1,651 18 
ταν ος -w- at = 29 2,613 d -- 
Jamaica —~___________________ 902 69,241 779 96,609 616 19,526 
Surinam ..........-...-.-...................... 418 29,489 481 46,969 210 18,699 
Other 2222 ß ss 1 623 (3 411 4 1,194 
ιτ Μπα μμ μας. 3,627 270,617 8,507 370,089 8,624 404,478 


Includes small quantities of aluminum hydroxide; excludes ene from the U.S. Virgin Islands to the United 
ο ο... tons ($9,210,000), 1975—131,000 tons ($16,410, , 1976— 165,000 tons ($19,394,000). 
1/2 unit. 
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WORLD REVIEW 


World production of bauxite increased an 
estimated 2% in 1976. The largest increases 
occurred in Australia and Guinea. Austra- 
lia, the largest producer, accounted for 3196 
of the world total, and Guinea and Jamaica 
accounted for 14% and 1396, respectively. 
Of the countries showing lower production 
in 1976, Jamaica, Guyana, and Greece re- 
gistered the largest declines. 

World alumina production increased 3% 
during 1976. Australia became the world’s 
largest producer as its output surpassed 
that of the United States. Australia and the 
United States had the largest increases in 
alumina production, and together the two 
countries produced 45% of the world total. 
The countries showing the largest declines 
were Canada and Jamaica. 

Studies continued on the proposed 
bauxite-alumina-aluminum joint venture of 
the Caricom countries, Jamaica, Guyana, 
and Trinidad and Tobago. In this venture, 
bauxite and alumina would be supplied by 
Jamaica and Guyana, and a primary alu- 
minum plant based on natural gas or oil 
would be constructed at Point Lisas, Trini- 
dad. A second phase of the project would 
include an aluminum plant in Guyana 
based on hydroelectric power. 

Australia.—Three companies, Alcoa of 
Australia (W. A.) Ltd., Comalco Ltd., and 
Nabalco Pty. Ltd., accounted for all of the 
bauxite production in Australia, the world's 
largest producing country. Alumina was 
produced at four plants, two of which were 
operated by Alcoa, one by Queensland Alu- 
mina Ltd., an affiliate of Comalco, and one 
by Nabalco. 

Alcoa of Australia was owned by Alumi- 
num Co. of America (51%), Western Mining 
Corp. Ltd. (20%), Broken Hill South Ltd. 
(16.6%), North Broken Hill Ltd. (12%), and 
two other companies (0.4%). Alcoa's alumi- 
na plants were located in Western Austra- 
lia and supplied with bauxite from the 
Darling Range. The alumina plant at Kwi- 
nana received bauxite from mines near 
Jarrahdale, and the Pinjarra refinery was 
supplied by the Del Park and Huntly mines 
north of Dwellingup. 

Comalco, owned by Kaiser Aluminum & 
Chemical Corp. (45%), Conzinc Riotinto of 
Australia, Ltd. (45%), and the public (10%), 
produced bauxite in the Weipa area of Cape 
York Peninsula, Queensland. Output in- 
creased about 1% to a record 9.5 million 
long tons in 1976. Shipments declined 
slightly to 8.9 million tons, of which 53% 
went to the Queensland Alumina refinery 


at Gladstone, 16% to Japan, and 31% to 
Europe and other areas. Comalco also pro- 
duced calcined bauxite and reported that 
production and sales of this product were at 
record levels. 

Production of alumina by Queensland 
Alumina totaled 2.27 million short tons, an 
increase over that of 1975, despite a strike 
which halted production for 1 week. 
Queensland Alumina was owned by Kaiser 
(82.842), Alcan Aluminium Ltd. (21.4%), 
Pechiney Ugine Kuhlmann Group (PUK) 
(20%), Comalco (13.8%), and Conzinc Riotin- 
to of Australia (12.5%). A tentative agree- 
ment was reached by Comalco’s major 
stockholders to rearrange the ownership of 
Queensland Alumina. If the necessary ap- 
provals are obtained, Comalco will purchase 
all of Conzinc Riotinto's interest in 
Queensland Alumina and a 4% interest 
from Kaiser. 

Nabalco, owned by Swiss Aluminium Ltd. 
(Alusuisse) (70%) and Gove Alumina Ltd. 
(80%), produced bauxite and alumina near 
Gove, Northern Territory. Bauxite pro- 
duction in 1976 totaled about 4.4 million 
long tons, and alumina output reportedly 
reached 1,135,000 short tons, exceeding the 
rated annual plant capacity. 

Plans to construct a large new alumina 
plant at Wagerup, Western Australia, about 
75 miles south of Perth, were announced in 
December. A preliminary understanding 
was reached by the prospective partici- 
pants, which included Reynolds Metals Co., 
Alcoa of Australia, and Alwest Pty., Ltd., a 
joint venture of News Ltd. and Dampier 
Mining Co. Ltd. Other companies were to be 
invited to participate in the consortium. 

Brazil.—-Mineracáo Rio do Norte S.A. 
signed a contract in January with Constru- 
tora Andrade Gutierrez for construction of 
Rio do Norte's bauxite project on the 
Trombetas River in the Amazon Basin. The 
construction, which will include a 19-mile 
railroad, ore treatment and shipping facili- 
ties, a town, and other infrastructure, was 
expected to be completed within 3 years at a 
cost of about $300 million. The project will 
have an initial bauxite production capacity 
of 3.3 million long tons. Reserves have been 
reported at 500 million tons, averaging, on a 
washed basis, about 56% Al-Os, and 5% 
SiO,, plus an additional 100 million tons of 
slightly lower grade bauxite. Rio do Norte 
was a consortium consisting of the Brazilian 
Government's Cia. Vale do Rio Doce 
(CVRD), 41%; Alcan Aluminium Ltd., 19%; 
Cia. Brasileira de Aluminio S.A., 10%; Rey- 
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nolds Metals Co., 5%, and five European 
companies, 25%. 

Total bauxite reserves in the Trombetas 
area, including the concessions of Rio do 
Norte and subsidiaries of Alcoa and Nation- 
al Bulk Carriers, have been estimated at 2 
billion tons. Alcoa, operating through its 
subsidiary, Cia. de Mineracáo Santarem 
S.A. (COMISA), continued to evaluate its 
concessions west of the Rio do Norte project 
and submitted feasibility studies to the 
Government. Reynolds was active in explor- 
ation of its concessions on the south bank of 
the Amazon west of Santarem. 

In the Paragominas area south of Belém, 
Mineração Vera Cruz Ltda., a subsidiary of 
Rio Tinto Zinc (RTZ, and CVRD were 
conducting exploration on separate conces- 
sions. RTZ completed construction of a pilot 
plant for crushing and washing bulk sam- 
ples and was preparing a feasibility study, 
which was scheduled for completion by the 
end of 1977. It was reported that CVRD may 
join with RTZ in developing the RTZ deposit 
to supply a proposed alumina plant near 
Belém. 

An agreement was reached between 
CVRD and Japanese interests to construct 
an alumina plant (the Alunorte project) and 
an aluminum smelter (the Albras project) 
near Belém based on the use of hydro- 
electric power from the Tocantins River. 
The joint venture was to be owned 51% by 
CVRD and 49% by 32 private Japanese 
companies. The alumina plant would have 
an annual capacity of 880,000 short tons 
and would cost an estimated $409 million. 

Alcan obtained approval to expand the 
facilities of its subsidiary, Alcan Aluminio 
do Brazil S.A., at Saramenha in Minas 
Gerais. The capacity of the alumina plant 
will be increased by 33,000 tons to 133,000 
tons, and construction was expected to be- 
gin in 1977. 

Canada.—Alumina production at Alcan's 
plant in Quebec Province declined over 50% 
in 1976, largely because of strikes at the 
company's alumina and aluminum plants. 

Greece.—Bauxite production in Greece 
declined 15% to 2.7 million long tons in 
1976. Greek bauxite was used to supply the 
alumina plant of Aluminium de Grece S.A. 
at Distomon, and most of the remaining 
output was exported. Total licensed exports 
for 1977 were reduced 28% to 2,264,000 tons, 
with the largest allocations going to the 
European Economic Community, the 
U.S.S.R., and Romania. 

Bauxites Parnasse Mining S.A., the lar- 
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gest bauxite producer in Greece, was under- 
going a $10 million investment program to 
increase annual production capacity at its 
Parnassos-Ghiona mines in central Greece 
from 2 million tons to 3.5 million tons. The 
program will include an expansion of un- 
derground facilities from about 500,000 tons 
to 1.5 million tons annual capacity by 1982. 
Bauxite Parnasse is the principal Greek 
partner in a planned 660,000 short-ton-per- 
year alumina plant to be constructed near 
Itea on the Gulf of Corinth. 

The second largest bauxite producer, El- 
eusis Bauxite Mines, Inc. (Scalistiri group), 
was reported to have an annual bauxite 
mining capacity of 720,000 tons, including 
200,000 tons from Aluminium de Grece's 
Delphi Bauxites S.A. mines, which were 
operated by Eleusis. Barlos Bauxite Hellas 
S.A. was reported to be producing at a level 
of about 200,000 tons in 1976. Both Eleusis 
and Barlos were increasing production ca- 
pacity during the year. Other bauxite pro- 
ducers included Distomon Hellenic Baux- 
ites, controlled by Aluminium de Grece, 
with an annual production of 270,000 tons, 
and Elikon Bauxites-G. Barlos S.A., with an 
annual capacity of 200,000 tons. 

Guinea.—Guinea Bauxite Co. (CBG), own- 
ed by Halco (51%) and the Government of 
Guinea (49%), was the largest of three 
bauxite producers in Guinea and produced 
a reported 6.4 million long tons in 1976. 
Halco was a consortium of aluminum pro- 
ducers consisting of Alcoa (27%), Alcan 
(27%), Martin Marietta Aluminum, Inc. 
(20%), PUK (10%), Vereinigte Aluminium- 
Werke AG (VAW) (10%), and Alumetal 
S.p.A. (6%). The bauxite was mined at 
Sangaredi, shipped by rail to the treatment 
plant and port at Kamsar, and exported 
largely to members of Halco. Bauxite ex- 
ported by CBG averaged over 59% Al;O; 
(less than 3% monohydrate) and about 1% 
SiO. 

Kindia Bauxite Office (OBK), owned by 
the Government of Guinea and operated 
with U.S.S.R. assistance, produced about 2.4 
million tons of bauxite, averaging 4696 to 
48% ΑΙ.Ο. and 2% SiO,. The ore is mined at 
Débélé in the Kindia region, shipped by rail 
to Conakry, and exported to the U.S.S.R. * 

The third bauxite producer, Friguia, also 
operated the only alumina plant in Africa. 
Friguia was owned by Frialco (5196) and the 
Government (49%); Frialco was a consor- 
tium consisting of Noranda Mines Ltd. 
(38.5%), PUK (36.5%), British Aluminium 


5 . J. M. JOBK, Guinea’s National Bauxite 
Operates 2 000 Ton Mine and 
wah Id Mining, v. 29, No. 4. 4, Apii 1976, pp. 72-75. 
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Co., Ltd. (10%), Alusuisse (10%), and VAW 
(5%). Bauxite production by Friguia totaled 
1.8 million tons during the year, and alumi- 
na production declined 13% to 617,000 short 
tons. 

The Governments of Guinea, Egypt, Iraq, 
Kuwait, Libya, Saudi Arabia, and the 
United Arab Emirates have agreed to a 
joint venture to build a large bauxite- 
alumina complex to exploit the bauxite 
deposits at Ayékoyé near the CBG conces- 
sion. The project will cost an estimated $1 
billion. Reportedly Alusuisse has agreed to 
conduct feasibility studies and preliminary 
design for the venture. 

Guyana.—Bauxite was produced by two 
government-owned companies, Guyana 
Bauxite Co. (Guybau) and Berbice Mines 
(Bermine). In addition to the production of 
metal-grade bauxite, Guyana continued to 
be the world’s largest supplier of high-grade 
calcined bauxite for refractory uses. Guya- 
na also produced alumina. Production of 
both grades of bauxite and alumina decreas- 
ed in 1976 because of heavy rains early in 
the year, strikes at yearend, and depressed 
markets for alumina. Shipments of metal- 
grade bauxite to the United States increas- 
ed, reflecting a reported contract with Rey- 
nolds for 300,000 to 400,000 tons. 

It was reported that Guybau will replace 
the rotary-kiln facilities at its alumina 
plant with fluidized-bed calciners, which 
were expected to reduce energy require- 
ments by 30% to 40%. The new facilities 
were to be built by the West German 
company Lurgi Chemie und Huettent- 
echnik and completed by 1978. 

Haiti.—The Haitian Government and 
Reynolds Haitian Mines, Inc., reached an 
agreement covering bauxite taxes and ex- 
port quotas for the 5-year period 1977-81. 

Hungary.—A new bauxite mine, Iza-II, 
near Tapolca in western Hungary, was 
reported to have begun production at an 
annual rate of over 400,000 tons. 

India.—The Government continued its 
program of exploration and evaluation of 
bauxite deposits in the east coast States of 
Orissa and Andhra Pradesh. The bauxite 
belt being investigated was said to extend 
about 185 miles in a northeast-southwest 
direction and to be 25 to 60 miles wide. 
Much of the bauxite was reported to be in 
deposits ranging from 20 feet to over 100 
feet thick, with little overburden. Prelimi- 
nary estimates of reserves in this area were 
about 1 billion tons. Reportedly, the bauxite 
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has a high iron content (19% to 26%) but is 
low in silica (296 to 4%). The Government 
company Bharat Aluminium Co. was ex- 
pected to be granted mining leases for these 
deposits. Proposals to construct alumina 
plants based on this bauxite were being 
considered. 

Jamaica.—It was reported that the Ja- 
maica Bauxite Institute, an agency of the 
Government of Jamaica, had reestimated 
total bauxite reserves on the island at 2 
billion tons. 

Bauxite and alumina were produced by 
affiliates of five North American aluminum 
companies. In addition to the bauxite pro- 
duced to supply the four alumina plants 
operated during the year, Jamaican bauxite 
was exported to U.S. alumina plants by 
Kaiser Bauxite Co, Reynolds Jamaica 
Mines Ltd., and Alcoa Minerals of Jamaica, 
Inc. Exports of bauxite increased 15% to 6.2 
million long tons (dry basis) in 1976, while 
exports of alumina decreased 3296 to 1.8 
million short tons. 

The levy on bauxite production was in- 
creased by the Government from 7.596 to 
8.0% of the price realized on primary alu- 
minum ingot. Assuming a realized alumi- 
num price of 42 cents per pound, the new 
production levy would amount to $15.62 per 
long dry ton of bauxite. Any increase in the 
price received for primary aluminum above 
42 cents per pound would increase the 
bauxite levy proportionately. Reportedly, a 
levy rate of less than 8% will apply under 
agreements reached with several producers. 

In October, Alcoa and the Government of 
Jamaica agreed to form a joint bauxite and 
alumina venture to be known as Jamalco. 
Under the 40-year agreement, Alcoa will 
sell the Government a 6% interest in its 
mining and refining assets and all of its 
mining and nonoperating lands. Alcoa will 
receive a reduced bauxite levy rate for the 
first 8 years of the agreement and will 
continue to manage the alumina plant. 

Alcoa's alumina plant was shut down for 
two 8-month periods during 1976. Labor 
disputes caused Alcoa to suspend operations 
from mid-February to early May. Two 
months later an explosion of a pressure 
vessel forced a second plant closure. The 
plant was reopened in October and operated 
at half capacity the remainder of the year. 

Total production of alumina at the two 
plants owned by Alcan Jamaica Ltd. was 
down 1960 to 841,000 short tons. The decline 
was attributed to both lower demand and a 
Strike at one of the plants. Talks between 
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the Government and Alcan regarding such 
questions as the ownership of bauxite re- 
serves and government participation in the 
company's equity were conducted during 
the year. 

The alumina plant and mines of Revere 
Jamaica Alumina, Ltd., were closed down in 
August 1975 and remained closed through- 
out 1976. Revere initiated a suit against the 
Government challenging the validity of the 
bauxite production levy as applied to Re- 
vere and seeking confirmation that its min- 
ing lease remained valid. Revere also filed a 
claim with the Overseas Private Investment 
Corp. (ΟΡΙΟ, a U.S. Government insurance 
agency, under the expropriation provisions 
of its policy with OPIC. Neither of these 
actions was resolved at yearend. 

Japan.—Japan continued to rely on im- 
ports for virtually all of its aluminum raw 
materials. Bauxite imports in 1976 totaled 
4.2 million long tons, of which 2,674,000 tons 
came from Australia, 952,000 tons from 
Indonesia, 504,000 tons from Malaysia, and 
80,000 tons from other sources, largely Guy- 
ana. An additional 682,000 short tons of 
alumina, all from Australia, was imported 
for use in making aluminum. Mitsui Alumi- 
na Corp. completed installation of new fa- 
cilities which doubled the alumina pro- 
duction capacity at its Wakamatsu plant. 

Sierra Leone.—Sierra Leone Ore and 
Metal Co., a wholly owned subsidiary of 
Alusuisse, operated the only bauxite mine 
in Sierra Leone at Mokanje. Alusuisse was 
reported to be considering the opening of a 
new bauxite mine in the Port Loko area and 
the possibility of constructing an alumina 
plant. If plans for the new mine materialize, 
Alusuisse may be joined in the venture by 
the Norwegian aluminum producers, A/S 
Ardal og Sunndal Verk and Norsk Hydro 
A/S. The Government reached agreement 
with Alusuisse and passed legislation in 
1976 to increase its total bauxite revenues 
accruing from royalties, mining leases, and 
income tax. 

South Africa, Republic of.—A discovery 
of large low-grade bauxite deposits in the 
Midlands and Zululand of Natal was re- 
ported. 

Spain.—An 880,000-ton-per-year-capacity 
alumina plant was under construction at 
San Cipriano in 1976. The plant will be 
owned by the Spanish aluminum companies 
Empresa Nacional del Aluminio, S.A., 5596, 
and Aluminio de Galicia, S.A., 45%, and 
was scheduled to begin production in 1979. 
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Surinam.—Metallurgical and special 
grades of bauxite were mined by Surinam 
Aluminum Co. (Suralco), an Alcoa subsid- 
iary, in the Moengo area of eastern Suri- 
nam and by Suralco and N.V. Billiton Mij. 
Suriname in the Paranam area. Billiton's 
bauxite mining operations were described.“ 
Suralco also produced alumina and alumi- 
num and converted bauxite to alumina for 
Billiton. Total exports of bauxite, most of 
which was shipped to the United States, 
decreased 13% to just under 2 million long 
tons in 1976. Exports of alumina declined 
slightly to 1.2 million short tons, as reduced 
shipments by Suralco offset an increase by 
Billiton. 

The Government of Surinam and Suralco 
reached an agreement on the payment of 
bauxite production levies over the 3-year 
period ending December 31, 1978. The tax 
will be based, as it had been since 1974, on a 
rate of 6% of the price Alcoa receives on 
unalloyed primary metal. It was reported 
that the company also agreed to produce a 
minimum of about 8.2 million long tons of 
bauxite during the 3-year period. 

Grasshopper Aluminium Co. Ltd. 
(Grassalco), a Government-owned company, 
was developing plans to mine lateritic-type 
bauxite in the Bakhuis Mountains of west- 
ern Surinam. A prefeasibility study of two 
areas in the Bakhuis Mountains was con- 
ducted for Grassalco by Billiton in 1976, and 
Grassalco reported reserves totaling over 50 
million tons of bauxite containing at least 
42% available alumina. A 44-mile railroad 
will be built from the deposits to Apoera on 
the Corantijn River bordering Guyana, and 
a $60 million contract for its construction 
was awarded to a joint venture sponsored by 
Morrison-Knudsen International Co. Ship- 
ments of bauxite from these deposits were 
scheduled to begin in 1979. The feasibility of 
constructing an alumina plant at Apoera 
was also being studied. 

U.S.S.R.—The bauxite and other alumi- 
num resources of the U.S.S.R., a history of 
their use, and the trend toward the U.S.S.R. 
dependence on imported aluminum raw 
materials were described.* 

Venezuela.—It was reported that Alus- 
uisse and Corporación Venezolana de Guay- 


5Argall, G. O., Jr. Bucket Wheels, Dredges, Draglines 
Strip and Mine at Bi!liton Suriname. Min. World, v. 29, 
No. 3, March 1976, pp. 46-51. 
*Shabad, T. Raw Material Problems of the Soviet Alu- 
minum Industry. Resources Policy, v. 2, No. 4, December 
1976, pp. 222-234. 
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ana (CVG) would form a joint venture to 
produce alumina in Venezuela. The ven- 
ture would be named Interamericana de 
AlGmina C.A. (INTER-ALUMINA) and 
would be owned by Alusuisse (20%) and 
CVG (80%). The proposed alumina plant 
would have an annual capacity of 1 million 
tons, would cost an estimated $550 to $600 
million, and would be located in the Guay- 
ana region of Venezuela. The plant would 
provide 800,000 tons of alumina per year to 
supply the Venalum and Alcasa primary 
aluminum plants and 200,000 tons for ex- 
port by Alusuisse. Production would be 
based on imported bauxite, and natural gas 
available in the area would provide the 
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required energy. 

Yugoslavia.—Expansion of bauxite and 
alumina production facilities continued in 
Yugoslavia. Α new alumina plant at Obro- 
vac, Croatia, was reported to be producing 
at yearend at the rate of 110,000 short tons 
per year. The plant eventually will have a 
capacity of 330,000 tons. Another new alu- 
mina plant was under construction at 
Zvornik, Bosnia-Hercegovina, for Energoin- 
vest. The Zvornik plant will have an annual 
capacity of 660,000 tons, half of which was 
expected to come onstream in 1977. It was 
also announced that the alumina plant at 
Titograd, Montenegro, would be expanded 
from 220,000 tons to 310,000 tons. 


Table 18.—Bauxite: World production, by country 


(Thousand long tons) 
Country! 1974 1915 19165 
North America: 
Dominican Republic)) . 1,190 142 508 
/öĩÄ;uwL ß m y 649 514 650 
JamaicasſÖilũ „ 15,086 11,388 10,143 
United States 1,949 1,772 1,958 
South America: 
/ LL i Le t E T845 954 *985 
ελ οι ο ³⁰Ü¹¹¹¹ i CIL as Ze 8,200 8,200 2,600 
Surinam" uo ο ff ⁰m at s tus 6,600 4,850 4,500 
Europe: 
Franio e t κος μαμα E 72,892 2,523 2,293 
Germany, West anu uu h 1 1 1 
)))! ο μμ ⁰qydv ⁰⁰y St asia 2,739 3,193 2,108 
επ μασ πι ακουσα . κο ος 12, 708 2,843 2,812 
I!! ſũſ% ͥͥͥ ⁰⁰⁰⁰⁰ 31 32 24 
PPP ³ dd 88 8⁴⁴ 767 «790 
ο] ιμπν Ei ee 8 11 *11 
J!C.õõͤõͤõĩ§ĩ o ⁰ydd y οι 4,200 4,300 4,400 
C1 ⅛˙ w- k eee v 88 2,333 2,270 2,001 
Africa: 
U e e re Zu2s 357 314 263 
GUN CAS ette" i 8 7,480 59000 10,616 
Mozambique -~ _-—-------------------—--------—-———- r5 2 e2 
Rhodesia, Southern? _______________________________ 2 2 2 
Sierra LEONE -aaa ⁰ th y ας 661 105 650 
Asia: 
China, People’s Republic of€ 7 fh 950 950 1,100 
!.! nt a ee ανα 71,096 1,253 1,418 
Indonesia _ -——---------------------—---——--—-—————— 1,270 977 925 
Malaysia ο ]%o . em E a DL CE 933 692 650 
Pakistan: Zo μμ μμ e ο Ah LL ο "σε -- (5) mE 8 
f ß Re EPOR EORR 654 621 512 
Oceania: Australia ______________ LLL c ccc ccce 22L LLL 719,679 20,627 23,105 
οι πμ ος ποπ πα ο πμ. 18,362 74,503 16,337 


Estimate. Preliminary. Revised. 


Data do not include estimated bauxite equivalent of nepheline concentrate and alunite ores produced in the U.S. S. R. 


as source materials for alumina. 
2Dry bauxite equivalent of crude ore. 
Shipments. 


Dry bauxite equivalent of ore processed by drying plant. 


5Bauxite processed for conversion to alumina in Jamaica plus exports of kiln- dried ore. 
*Excludes materials other than bauxite used for production of alumina, estimated as follows in thousand long tons: 
Nepheline syenite (25% to 30% alumina): 1974. 2,950, 1975-"8,300, 1976-3,400; alunite ore (16% to 18% alumina): 1974- 


1500, 1975-600, 1976-600. 


7Diasporic bauxite; includes an estimated annual production of 160,000 tons for refractory applications. 


ess than 500 tons. 
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Table 19.—Alumina: World production,' by country 


(Thousand short tons) 
Country? 1974 1975 1976” 
North America 
JJJõöõ(õĩõ¹⁵i . 1,394 1,250 k: 
TTP a Leu hs ma 8 8,165 2,489 1,798 
Uns ee 7,589 5, 660 56,400 
South America: 
JJßJ))))))))ßßTTCTCT(C(Cͥõõͤ ͥ ] ¹0i¹W ru mu tatum Le E pte 9240 266 275 
%%% AA 35⁴ 343 
IDA uolo i niei j! cL M P e 11, 306 1,265 1,274 
Europe: 
Czechoslovakia ___________________________ Le 110 110 110 
lj: ιν NOTES MDC ee A 1,229 1,206 1,124 
Germany, East ..............-.---.-----.-.------------.---.--.- -.-.--.-. 58 
Germany, West .. ........--.---------------------.-.-.-.---.-.-.-.-.-. -. 1,441 1,974 1,470 
) ⁵ ↄ . et Nn 1544 523 495 
I/ ³ÜWV·ʃßßßrr m ee ua aee "183 855 *860 
Italy - Σο οτε ri poche LL ες κ 1810 1820 820 
Romania 410 440 
United Kingdom ................................-........... 104 91 *100 
USSR ß h E ο ο AE Το 500 τρ 600 2,800 
άν ο 2) . men LL E Le 301 812 511 
Africa (OC L LD Z, se ee ee 738 709 617 
china, People’s Republic al 440 460 570 
AON ο ο ο 8 r359 371 480 
3 J ĩõĩ?;.! ͤ ⁰y m .. SINON 1,985 1,725 1,556 
TaIWHI ni ox tec cu LE ß 8 50 650 
I οπου eL LE E r136 90 €138 
%%% 1 ln ⁰ͥ .d md Dl I LL ie 15,401 5, 652 6,841 
r JJ 8 131,437 28,715 29,586 


Estimate. preliminary. Revised. 

Figures presented generally represent calcined alumina equivalent of total alumina production. 

In addition to the countries listed, Austria produces alumina (fused aluminum oxide), but o um is entirely for 
abrasives production. Output totaled 31,110 short tons in 1978; production data for 1974-76 are not av le. 


Table 20.—World annual alumina capacity 


(Thousand short tons, yearend) 
Country 1974 1976 1976 
North America: 
JJ ⁰—æ1ſͥ E A . eee 1.387 1,887 1,887 
V ” 6]˙Ü yd d 3,310 3.359 3,359 
ee, ß . ώστε ας αρα 2 7,770 7, 805 7,805 
South America. 
τε»! Ll Sumu μα ʃG 5¹ꝛ¹wi—am ⅛ ß DL. ciu du 88 285 865 431 
TT!!!“FPfhfſBPBh!!!!!! T ανάσες 390 390 
f ³·⁰¹A ο μμ y 1.490 1.490 1.490 
rope: 
Czechoslovakia ___—_—---------------------------- 110 110 110 
Prano i p ñ ̃ ̃ p πω S NE u S Zt Ds 1,435 1,460 1,440 
Germany, East ...........----------------------------------------------.-.-- 10 
Germany, West — uma 66. 5 8 1,916 1,916 1,906 
λος o ὃς ο η % ]˙¹·¹¹¹¹ſ ³⁰² 6A 540 1 
FF ³⁰ οκ το ⁰k S οσα τος; 4900 e 1 
I Pp" νας 1,025 1,014 1,014 
Mana RAPERE COMMI ß ασ Br. 88 550 
United Kingdom _____________ 222222222222 110 110 188 
PIC ⁰—ÜM. ͤ eL eiue i 8,500 8,500 8,500 
με... μα ee el ο EUN ONIS ͤ 974 798 
Africa: tono MSIE Ah ⁰⁰ d ο ο ιών», 772 772 772 
China, People’s Republic o 400 400 
J) ↄ ð é ⁵ↄV a ce usss ώς αρα 710 125 149 
Japen Mp N ερ cC Mc A 2,109 2,109 2,904 
TAWAD rcc e 84 84 84 
7777 οκ ͥͤ ³¹ uu ⁰yſ tS vy mu UE 220 220 220 
Oceania: Australia __ _ _ _ . 5,805 7,885 7,490 
Total ο ντα =u zum unamasa E . I ME EZ s 85,762 87,855 88,444 
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TECHNOLOGY 


Research and development of processes to 
use nonbauxitic aluminum resources was 
continued in countries with insufficient 
bauxite resources by both government and 
private organizations.? 

The Federal Bureau of Mines continued 
its research program on the recovery of 
alumina from clay, anorthosite, and other 
raw materials abundant in the United 
States. The most promising technologies for 
extracting alumina were being tested and 
developed in small pilot plants, or mini- 
plants, at the Bureau's Boulder City (Neva- 
da) Metallurgy Engineering Laboratory. 
Additional research in support of this effort 
was being conducted at other Bureau re- 
search centers.“ The miniplant program 
was initiated to evaluate the various pro- 
cesses on a comparative basis and to obtain 
cost and engineering data for the design 
and operation of large-scale demonstration 
plants. Nine companies were participating 
with the Bureau in the miniplant project on 
a cooperative cost-sharing basis. 

In 1976 the major emphasis of the mini- 
plant program was on the hydrochloric acid 
process for recovering alumina from clay, 
and test runs of several sections of this 
miniplant were completed. The clay-nitric 
acid miniplant was placed on standby 
status, and the design was completed and 
equipment was ordered for facilities to re- 
cover alumina from anorthosite using a 
lime-sinter process. At yearend the Bureau 
awarded a $1.6 million contract to Kaiser 
Engineers to evaluate several of the alumi- 
na processes being tested by the Bureau 
and, subsequently, to design a larger pilot 
plant based on a process which will be 
selected by the Bureau. 

The Bureau reported on its investigations 
of the potential for recovering aluminum 
from copper-dump leach liquors by the use 
of single-contact ion-exchange technology. 

Dawsonite, an aluminum mineral occur- 
ring in the oil shales of the Piceance Creek 
Basin in Colorado, has been of interest as a 
potential source of alumina should the 
shales be mined to recover oil. The Bureau 
placed on open file reports which explore 
the technical and economic feasibility of 
three different methods of developing these 


oil shale deposits.'^ Another process to re- 
cover oil, alumina, nahcolite, and soda ash 
was under investigation by Superior Oil 
Co. 11 

A joint venture of Earth Sciences, Inc., 
National Steel Corp., and Southwire Co. 
continued its research and planning for the 
production of alumina and fertilizer bypro- 
ducts using alunite deposits in southwest- 
ern Utah. A pilot plant program and pre- 
liminary engineering and cost analysis were 
reported to be near completion at yearend. 
An environmental impact statement for the 
project, which would produce 500,000 tons 
per year of alumina, was being prepared. 

Iran and the U.S.S.R. were reported to 
have signed an agreement to build a plant 
near Tehran to produce alumina from alu- 
nite deposits in Iran using Russian tech- 
nology. The plant would have a capacity of 
550,000 tons per year and cost an estimated 
$600 million. 

Aluminium Pechiney and Alcan complet- 
ed construction of a pilot plant near Mar- 
seilles, France, in September. The plant will 
test the H-Plus process, which uses both 
sulfuric acid and hydrochloric acid to re- 
cover high-purity alumina from shale, clay, 
and other low-grade aluminous materials. 
The plant was designed to produce 20 tons 
of alumina per day. 

A/S Ardal og Sunndal Verk and Elkem 
Spigerverket, two Norwegian aluminum 
companies, were reported to have con- 
structed a pilot plant for testing a new 
process for extracting alumina from anor- 
thosite. The two firms have acquired rights 
to large anorthosite deposits containing 
about 30% Α.Ο. in western Norway. 


7Patterson, S. H. Aluminum From Bauxite: Are There 
Alternatives? Am. Scientist, v. 65, No. 3, May-June 1971, 
pp. 345-351. 

5Eisele, J. A., L. E. Schultze, D. J. Berinati, and D. J. 
Bauer. Amine Extraction of Iron From Aluminum Chlo- 
ride Leach Liquors. BuMines RI 8818, 1976, 10 pp. 

*May, J. T., and D. C. Seidel. Recovering Aluminum 
From Copper Leach Liquor by Ion Exchange, An Explora- 
tory Study. BuMines RI 8174, 1976, 22 pp. 

10[] 5, Department of the Interior News Release. Pre- 
liminary Research Reports íssued on Potential Large- 
Scale oil Shale 5 June 15, 1976, 2 pp. 

11Chemical Engineering News. Prognosis Good for New 
Shale Oil Process. V. 55, No. 2, Jan. 10, 1977, pp. 21-28. 
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Beryllium 


By Benjamin Petkof! 


Bertrandite was the major commercial 
beryllium mineral produced in the United 
States, and it contributed a significant pro- 
portion of the world beryllium mineral 
supply. À small quantity of beryl was also 
produced domestically. Ore consumption 
and imports declined, but exports of beryl- 
lium materials increased. 


Legislation and Government  Pro- 
grams.—On October 1, 1976, the Federal 
Preparedness Agency of the General Ser- 
vices Administration, issued new goals for 
beryllium materials in the strategic stock- 
pile: Beryl, 0; beryllium-copper master al- 
loy, 16,710 short tons; and beryllium metal, 
895 tons. No beryl was released from the 
strategic stockpile during the year. 


e 
Table 1.—Salient beryllium mineral statistics 


1972 1978 1974 1975 1976 
ice porozimate imately 11% BeO: 
8 : 

Bei from Mines JJC A sasana short tons W W W W W 
öÄ%O ] ] ⁰ʒ coc y 8 do... 8,345 1,586 1,368 1,479 1,058 
ORDER 55 ος ο EE do- 7,781 8,695 9,279 4,850 8,740 

ce, approximate, per uni ν imported 
cobbed beryl at of exportation $30 $30 $30 $30 $33 

Bertrandite ore: U low-grade, shipped from 

Minos ο ee ee 2 short tons W W W W W 
World production of berylůl -....-. -. -.-.-.-. -.-.-..-. ἀο......... 4,930 8,963 T3,469 T3,608 8,035 


"Revised. W Withheld to avoid disclosing individual company confidential data. 
1Includes bertrandite ore which was calculated as equivalent to beryl containing 11% BeO. 


DOMESTIC PRODUCTION 


Bertrandite was the Nation’s major 
source of beryllium ore during the year. 
Brush Wellman, Inc. (Brush) produced the 
bertrandite ore at its Spor Mountain mine 
in Millard County, Utah. A small quantity 
of beryl production was also reported in 
South Dakota and Arizona. 

Brush converted its ore to beryllium hy- 
droxide at a facility north of Delta, Utah, 
and then shipped the hydroxide to its El- 
more, Ohio, facility for conversion to beryl- 
lium oxide, metal, and copper alloys. 

Kawecki-Berylco Industries, Inc. (KBD 
produced beryllium materials principally 
from imported beryl. KBI processed beryl- 
lium hydroxide at its plants in Hazelton 


and Reading, Pa., into beryllium metal, 
alloys, and oxide. 

In December 1976, Brush announced 
plans to build a beryl ore processing facility 
at its bertrandite processing plant in Utah. 
The company planned to spend an estima- 
ted $4.5 million on the new plant. Upon 
completion, this will be the only plant 
capable of processing any commercial beryl- 
lium ore to beryllium hydroxide. Brush 
planned to close its beryl processing facility 
at Elmore, Ohio, in 1977. 

Domestic production of beryllium metal 
declined in 1976, but production of beryl- 
lium containing alloys and beryllium oxide 


I Physical scientist, Division of Nonferrous Metals. 
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increased. Improvement in metal produc- 
tion is expected to occur with the inception 
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of new space and nuclear energy programs 
that specify the use of beryllium metal. 


CONSUMPTION AND USES 


The domestic beryllium industry con- 
sumed beryllium ore equivalent to 3,740 
tons of beryl containing a nominal 1196 
BeO, a decline of 2896 from that of 19775. 

Beryllium metal, with its high stiffness- 
to-weight ratio, continued to be used pri- 
marily in defense and aerospace applica- 
tions. The metal was used in the manufac- 
ture of commercial and military naviga- 
tional systems, satellite structures, space 
vehicle instrumentation and optics, X-ray 
transmission windows, aircraft brakes 
and structures, and missile parts. 

Products utilizing beryllium-copper alloys 
accounted for the greatest quantity of beryl- 


lium consumption. These alloys were used 
by the business machine, appliance, trans- 
portation, and communications industries. 
Beryllium-copper alloys were also widely 
used in electrical and electronic systems for 
connectors, sockets, switches, and 
temperature- and pressure- sensing devices 
to provide reliability and long service life. 

Beryllium oxide ceramics were used in 
lasers, microwave tubes, and semicon- 
ductors, primarily for heat dissipation in 
these devices. In addition, beryllia was used 
as a substrate in various electronic devices 
and equipment. 


$TOCKS 


Consumer stocks of beryllium minerals 
totaled 3,957 tons at yearend 1976, a 1296 


increase above those of 1975. Dealers' stocks 
of beryl were not reported. 


PRICES AND SPECIFICATIONS 


There were no known price quotations for 
the small quantities of domestically pro- 
duced beryl. The price of any available 
domestic beryl was negotiated between buy- 
er and seller. At the beginning of the year, 
Metals Week quoted the price of imported 
beryl at $30 per short-ton unit of contained 
BeO. As of February 12, 1976, to the end of 
the year, Metals Week quoted the price at 
$40 to $42 per short-ton unit. At yearend, 
American Metal Market quoted the 
following prices for beryllium materials: 


Vacuum cast ingot, $75 per pound; metal 
bead (97% purity and 10,000-pound lots), 
$61 per pound; metal powder (20,000-pound 
lots), $56 to $63 per pound; metal rod, 
$125.55 per pound; beryllium-copper master 
alloy, $59 per pound of contained beryllium; 
beryllium-copper casting alloy, $2.05 to 
$2.86 per pound; beryllium-copper in strip, 
rod, bar, and wire, $4 per pound; beryllium- 
aluminum alloy ingot, $72 per pound; and 
beryllium oxide powder, $26 per pound. 


FOREIGN TRADE 


Exports of wrought, and unwrought be- 
ryllium alloys and of waste and scrap in- 
creased threefold in quantity over those of 
1975 but did not reach the level of 1974. 
Total value of exports increased 52%, 
although average value of exports declined 
from $30.85 per pound to $15.38 per pound, 
still above the average value of $7.71 for 
1914. In terms of quantity, 65% of the total 
material exported went to Mexico, 11% to 
Japan, 896 to the United Kingdom, and 496 
to France. 


Beryl ore imports decreased 28% in 
quantity and 19% in value from those of 
1915. The average value of imported mate- 
rial was $359 per ton in 1976 compared with 
$316 per ton in 1975. Forty-eight percent of 
U.S. imports came from Brazil, 11% from 
India, 10% each from France, and Austra- 
lia, and 9% from the Republic of South 
Africa. In addition, 1,492 pounds of wrought 
and unwrought, waste and scrap beryllium 
metal valued at $3,117 were imported. 


BERYLLIUM 


215 


Table 2.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap! 


1915 1916 
(thou- (hon 
(pounds) sands) (po unds) sands) 
ö! ⅛ ²”ͤ ))], ] ·˙Ü— s lei et S 22 retira 130 31 ci m 
AUA .— —- Lec cuc ele LLL εν πα m TN 82 $1 
Blum 4 τε ο ο μπι ted v ος re x 4 2 
νο. ο τα νε CUu ap oA eh ie ne aei 9,787 75 8,204 63 
FF ³⁰³³⁰˙AAA—A—A—w.: ðͤ K E E a 414 3 P T 
Genus ντ Γ᾽ 521 S wm o 92 
rnany, Well. Aſ AAA 8 

Hong ο μμ πο μα y a κο P 3,000 8 
σα c e cL LA nc E LR 8 16 1 162 1 
δαν ώ ως Ts Z ³ LA δ 1 κ. E 
!; o oce ο ο ών E E 7171 30 2,419 49 
MUNN na ιός iA ML a S 5,529 203 12,591 255 
Merio e e uunc ee a he 8 2,500 2 78,960 61 
Netherlands . l ß ne tes 20 9 1,407 63 
Switzerland __ oe a i a 1,073 28 2,374 89 
TAIWAN 22; aig ae M y i eS n ss 100 1 3 5 
United Kingdom .......................... -.....-.....-.-.......-........... 11,542 499 9 568 142 

TOU nor ac ο ] ꝛm ĩ¾ i]: . une LE 37,336 1,152 114,143 1,756 


1Consisting of beryllium lumps, single crystals, powder, beryllium-base alloy powder; beryllium rods, sheets, and wire. 


Table 3.—U.S. imports for consumption of beryl, by customs district and country 


1975 1976 
Customs district and Quantity Value Quantity Value 
is ος (short (thou- (short (thou- 
tons) sands) tons) sands) 
Philadelphia vhs 110 $31 
Argentina .—— — cc oe e E E 
A 1. ο ος e AAA Het UG MN 108 $38 
e . es € 11 8 
BYES) WONDER 779 276 512 201 
Frane IS ο ͥͥÜ¹Üß777]idddd κανα as uu sS FEN M 108 85 
India μις fx 8 Re Mn 120 46 
Portugal... 2: lll lecum ee 93 8 ee ZM 
Poea, Southern J... sn a L. ως 42 15 T -- 
ndi ώς ο ο mt 8 22 8 66 14 
South Africa, Republic fh 207 50 97 34 
ROTTEN dM LL cm RM 78 14 44 9 
Total- Z: ˙Ü⁰ũ ũ 9M... AE LE Ea 1,331 421 1,056 880 
Baltimore district 
Bnl 2 0.2 cns tlg ted e 8 83 12 z5 πω 
Mozambique ....... ........... --.-..-.---΄----------------΄------ 39 11 "ur NN 
Uganda cc uec e LL E 2 38 12 aie == 
C a a 110 35 EM ae 
New Orleans district: South Africa, Republic of- ß 138 112 S = 
New York City district: Mozambique _________________ ones pee 2 3) 
rh οι ο. νο» 11,479 1468 1,058 380 
1 Adjusted by the B Bureau of Mines. 
Less than 1/2 
WORLD REVIEW 


Total world production of beryl declined 
below that of 1975. Beryl competes with the 
nonpegmatite mineral bertrandite as a com- 
mercial source of beryllium. 

The capability of mining and processing 
Utah bertrandite ore that has been develop- 
ed during the past 10 to 15 years has made 


the United States a significant world source 
of commercial beryllium minerals. Any fu- 
ture increase in U.S. bertrandite mining 
and processing capability could displace 
additional world beryl output that is recov- 
ered by hand mining and sorting. 


216 MINERALS YEARBOOK, 1976 
Table 4.—Beryl: World production, by country 
(Short tons) 
Country! 1974 1975 1976” 
μι oon c tace -A ³⁰¹¹.m το κι 8 100 35 35 
7 nlsi vd E 12⁵ 808 220 
r . πμ d Eid Er ee 87 — cae 
!!! ya ες ee E e 1,000 1,000 800 
Malagasy Βορυδ]ὶς..................-.---------------------------.-.--------------.--------- 14 17 e17 
MUG uuu Se P ⁰h=.0. y E 9 *10 *10 
αι κα αμα A ↄ A E LL es 17 28 ze 
Rhodesia, ϑουίποτα5.......................-.-...-.-..----.....-.................... 70 10 1 
ιν, d ñ da Ld 165 20 ΜΜΕ 
South Africa, Republic oa „„ „„ 2 85 eg 
%½%%%%%%%%%ö%ͤ «]... ˙] d dd ͤ EE iesu m db 60 60 
Cͤĩ.wvꝶ; δε ολο ð d ß kx. E S te 1.700 71,760 1,820 
United States μμ ²³˙¹—XBX——p : ' M re W W W 
DR lc nU eruat et e nc i ο κ κας. 220 220 aie 
ποπ uu 8 3.469 τα 608 8,085 
*Estimate. Preliminary. Revised. W Withheld to avoid disclosing individual company confidential data. 
‘In addition to the countries listed, the Territory of South-West Africa may also have produced beryl, but available 
information is inadequate to formulate reliable estimates of output levels. 


TECHNOLOGY 


A report provided guidelines for deter- 
mining beryllium emission rates from sta- 
tionary sources. The report included guide- 
lines on good operating practices, assess- 
ment of performance and qualification of 
data, identification of trouble and improve- 
ment of data quality, and design of auditing 
activities.? 

A report assessed the potential use of 


beryllium in the construction of controlled 
nuclear reactors.? 


*Wohlschlegel, P. S., F. Smith, and D. E. Wagoner. 
Assurance 


iris V. XI - €— e d 
cr mtn EPA-650/4-74-005-K, ye 191 
P'SAllison, G S. Assessment of Materials, Needs for 
1976.5 Reactors. Battelle Northwest Laboratories. July 
pp. 


Bismuth 


By John A. Rathjen! 


Domestic consumption and imports of 
bismuth in 1976 increased sharply over the 
totals reported in 1975, while both domestic 
production and exports declined during the 
year. Consumption rose to 2.4 million 
pounds, an increase of 71% above that of 
1975. With the exception of other alloys, 
consumption in all categories increased and 
cumulatively was over 1 million pounds 
higher than that of 1975. Imports of 
bismuth were up 75% to 2.3 million pounds. 


Exports dropped to 68,488 pounds, a re- 
duction of 60,405 pounds from those of 1975. 
This was attributed to reduced demand and 
low prices in the European market. The 
domestic price remained at $7.50 per pound 
throughout the year despite the apparent 
increase in demand in the United States. 
World bismuth mine production increased 
5% to 9.26 million pounds. The general 
pattern of production was unchanged from 
the previous year. 


Table 1.—Salient bismuth statistics 


(Pounds) 
1972 1973 1974 1975 1976 
United States: 
Consumption 2,315,534 2,906,219 2,283,978 1,406,021 2,410,584 
Exporta" Ll ww oo eek 151, $29,926 128,898 68,488 
Imports, general 1,562,934 2,683,671 1,898,744 1,831,178 2,328,051 
Price: New York, average per pound 
ton lots `- --------------—-- $3.63 $4. $8.41 $7.72 $7.50 
Stocks Dec. 81: Consumer ~- --------— 717,466 540,7 596,757 451,250 483,810 
World: Production 8,808,000 8,205,000 10,681,000 78,818,000 9,262,000 


"Revised. 
Includes bismuth, bismuth alloys, and waste and scrap. 
3Excludes the United States. 


Legislation and Government  Pro- 
grams.—Government stocks of bismuth re- 
mained at 2,081,298 pounds. Broken down, 
the total included 567,186 pounds in the 
national stockpile and 1,514,112 pounds in 
the supplemental stockpile. On October 1, 
1976, the Federal Preparedness Agency 
(FPA) set a new goal for bismuth of 771,000 
pounds. This resulted in a surplus of 
1,810,298 pounds, which would require con- 
gressional authorization for disposal. Bis- 
muth remained on the list of commodities 


eligible for exploration assistance under 
the program administered by the Office of 
Minerals Exploration (OME). However, no 
funds were available in 1976 for exploration 
projects, and none have been requested 
since fiscal year 1974. The Tax Reform Act 
of 1969 provides a percentage depletion 
allowance of 2296 for domestic production 
and 14% for U.S. companies producing 
from foreign sources. 


1Mineral specialist, Division of Nonferrous Metals. 
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DOMESTIC PRODUCTION 


Bismuth was produced almost entirely 
from the treatment of lead ores and bullion 
of both foreign and domestic origin. A single 
primary refinery operated by ASARCO, Inc. 
at Omaha, Nebr., accounted for some 99% 
of the primary U.S. production. A final 
shipment was made of primary metal from 
the lead refinery of UV Industries, Inc., at 


East Chicago, Ind. A small quantity of 
bismuth was also recovered by recycling 
secondary material at the United Refining 
and Smelting Co., Franklin Park, Ill. U.S. 
refinery production statistics are withheld 
to avoid disclosing company confidential 
data. 


CONSUMPTION AND USES 


Consumption of bismuth in the United 
States during 1976 was 2.4 million pounds, a 
rise of 1 million pounds over the quantity 
consumed in 1975. All consumption catego- 
ries, with the exception of other alloys, 
showed increases. The largest increase oc- 
curred in the pharmaceutical sector, which 
consumed almost 1.4 million pounds, a gain 
of some 840,000 pounds compared with that 


of 1975. The major part of this growth was 
attributed to the use of bismuth in the 
industrial chemical area, where it functions 
as a catalyst in the manufacture of acrylon- 
itrile. Use of bismuth in the metallurgical 
area also rose significantly, reflecting a 
general rise in the domestic economy. 
Bismuth consumption in cosmetics re- 
mained steady. 


Table 2.—Bismuth metal consumed in the United States, by use 


(Pounds) 
Use 1975 1976 
Fusible alloys  ... ........................-..........-...............-........... 401,982 518,648 
Metallurgical additives 416,200 55, 
% ͥꝗ·¹iſ ,ỹꝶ 7]ꝛ² al SS km eee ae 26,007 
Pharmaceuticals!!! ο 553,313 1,391,663 
ο ος UU as TE E E a METRE UNE 713 8,156 
Μι ? ⁰¼ ruunt r ⁰ Edd 7,856 15,314 
fo, ο ο C ͥͥ⁰¹ rium d E ὃς 1,406,021 2,410,584 


Includes industrial and laboratory chemicals and cosmetics. 


STOCKS 


Consumer stocks at yearend were 483,810 
pounds, a rise of 32,560 pounds during the 


year. No data are available on producer or 
dealer stocks. 


PRICES 


The domestic producer price for refined 
bismuth was $7.50 per pound throughout 
the year. Dealer quotations rose to a range 
of $6.50-$6.80 per pound at the end of the 


first quarter but declined during the year, 
closing in December at $4.50-$4.80 per 
pound. 


FOREIGN TRADE 


Exports of bismuth in all forms dropped 
sharply for the second consecutive year to 
68,488 pounds, a decline of 60,405 pounds 
from that of 1975. During 1976, bismuth was 


exported to 17 countries, of which 7 ac- 
counted for about 95% of total shipments. 
The principal countries receiving U.S. ex- 
ports, in order of declining quantity, were 


BISMUTH 


Italy 21,075 pounds, 31%; Canada, 16,503 
pounds, 24%; the Netherlands, 8,722 
pounds, 1396; the United Kingdom, 6,712 
pounds, 10%; Spain, 5,758 pounds, 8%; Ire- 
land, 3,348 pounds, 5%; and Belgium- 
Luxembourg, 2,754 pounds, 4%. 

General imports of metallic bismuth in 
1976 increased by about 997,000 pounds to 
2.3 million pounds as compared with that of 
1975. This large increase was attributed 
primarily to the general uptrend of the 
economy and reflected the very strong de- 
mand in the category of industrial chem- 
icals. A total of 12 countries supplied the 
U.S. import requirements; 9 of these 
accounted for about 96% of the total. The 
principal suppliers were Peru, 24%; the 
United Kingdom, 13%; West Germany and 
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Japan, 12% each; Mexico, 11%; the Repub- 
lic of Korea, 8%; Belgium-Luxembourg, 7%; 
Chile (Bolivia) 5%; and Canada, 4%. Chile 
does not produce bismuth in any form; 
however, Bolivia has no seaport and Boliv- 
ian materials shipped to the United States 
via a Chilean port show the intermediate 
country as a port of origin. | 


Table 3.—U.S. exports of bismuth! 


Gross 
Year weight Value 
(pounds) 
JJ eom 151,053 $446,284 
1914 . ee a 329,926 1,520,105 
| νε ON ONERE 128,893 635,717 
J 68,488 513,660 


!Includes bismuth, bismuth alloys, and waste and scrap. 
3? Adjusted by the Bureau of Mines. 


Table 4.—U.S. general imports of metallic bismuth, by country 


1975 1976 
Country Quanti Value Quanti Value 

enna) (thousands) unis (thousands) 

Belgium-Luxembourg -_—--—------------—-- 84,944 $596 151,690 $790 
udn ο μοβ μάς v 51,143 409 100,983 612 
/ ˙ ... e κ. 107,364 694 
Frano —- τος hs es es 22 (1) m 22 
5 %%% ³ Am u u Duss 102,290 802 "ER 00 e 
lay: ls ο οκ c ALL ΗΝ Ὃς 12 
JEDER ooo o uec c AL LEM 190,962 1,256 218,995 1,694 
Korea, Republic of f 125,951 668 177,666 970 
Mni — ³ 1 a um e. 61,834 955 ,120 1,509 
Netherlands 4,849 23 ae p 
Pep ποσο 88 140,630 1,177 569,078 8,261 
United Kingdom __ ------ 434,060 ,943 807,818 2,087 
Yugoslavia. |... _ 2L LLL L2 222 LL 2222 84,988 213 41,106 184 
Total. ulcus 8 1,331,173 9,442 2,328,051 14,154 

1] ϱ66 than 1/2 unit. 
WORLD REVIEW 


Although U.S. consumption recovered 
substantially during 1976, world production 
increased only slightly. This was attributed 
primarily to the decreased use for phar- 
maceuticals in France and the generally 
slow recovery of the European economy 
from the recession of 1975. All of the pro- 
ducing countries produced at levels similar 
to those in 1975. 

Australia.—Mine production of bismuth 
in Australia rose nominally from 1.8 million 
pounds in 1975 to an estimated 1.9 million 
pounds in 1976. Production continued to be 
somewhat curtailed since copper mining by 
Peko-Wallsend Ltd. at Tennant Creek in 
the Northern Territory remained dormant. 


The main source of bismuth from Australia 
in 1976 was a gold-bismuth bullion which 
was shipped through northern Europe for 
gold recovery, with residue moved forward 
to the United Kingdom for bismuth recov- 
ery and refining. Minor amounts of bismuth 
were also shipped from Australia as bypro- 
ducts in lead ores and concentrates; how- 
ever, the bismuth assays were too low to 
be accountable for production purposes. 
Bolivia.—Bolivia became the world's 
leading producer of refined bismuth in 
March with the inauguration of the new 
Corporación Minera de Bolivia (COMIBOL) 
refinery at Quechisla, Potosi. The refinery, 
with an annual estimated capacity of 13 
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million pounds, was built at a cost of 
$500,000 by the Belgian firm Sidech. Metal 
of 99.99% purity was shipped during the 
year. Bismuth is also shipped in the form of 
ores and concentrates by COMIBOL as well 
as by independent medium and small 
miners. Bolivia is one of the few countries 
in which bismuth is mined directly rather 
than as a byproduct. 

Canada.—Bismuth metal was produced 
by two companies in Canada. The smelting 
division of Brunswick Mining & Smelting 
Corp. Ltd. produced metal at its Belledune 
plant near Bathurst, New Brunswick. The 
other principal metal producer was Comin- 
co Ltd. at its lead-zinc plant in Trail, British 
Columbia. Most of the metal produced in 
Canada came from ores mined within the 
country, although small quantities were 
recovered from imported ores. Recent ex- 
ploration in Charlotte County, New 
Brunswick, established a large reserve of 
a complex tungsten-bismuth-molybdenum 
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ore. In some areas the bismuth assays have 
been established at 0.11% to 0.15% and 
could provide a considerable increase to 
world production. 

Japan.—Production of bismuth metal in 
Japan during 1976 continued at about the 
same level as in 1975 totaling 1.5 million 
pounds at yearend. 

Mexico.— Production of bismuth in Mexi- 
co during 1976 was about 1.3 million 
pounds, a substantial recovery from the 
relatively low 981,000 pounds in 1975. Two 
companies; Industrial Minera Mexico, S.A., 
and Met Mex Peíioles, S. A., continued as 
the producers of metal and bullion at their 
refineries, both of which are located in 
Monterrey, in the State of Nuevo Léon. 

Peru.—Bismuth production in Peru con- 
tinued at a steady level, totaling 1.4 mil- 
lion pounds during 1976. Metal was pro- 
duced at the Oroya works, managed by 
Centromin-Peru, and marketed on a 
worldwide basis by Minero Peru Comercial. 


Table 5.—Bismuth: World mine production, by country 


(Thousand pounds) 
Country! 1974 1975 1976P 
Argentina (in oreuiꝰ:ſ „ (9) 3) 63) 
Australia (in e μπα μμ HDD η Το 519 1,882 *1,900 
ο. JJ P A 8 F 31,351 31,948 1,849 
J ³ ³1 86 245 345 887 
SSE one Foe s Republic of(inore* _ ______________~_ 550 550 550 
ο. w ο... y οι ο ο. QN | 12 125 E 
, West (in ore)”. ~~ „ 
Japan (metal «5656 1,887 1,480 1,501 
Korea, Republic of (metal) - 289 249 2285 
Mexico 1,583 981 *1,280 
Mozambique? ee 9 9 SEE 
Paru cs eec c -. r aee 1,469 1,854 *1,400 
Romania (in ore) 180 180 180 
Sweden (in or // 38 838 83 
Uganda (in ore˖seee „ 9 10 
U.S.S.R. metal! __ ⁰ ee 180 180 130 
United States n cT W W 
Yugoslavia — ² euer uu e eal 220 122 172 
Total. πμ ώμου 8 710,631 8,818 9,262 


*Estimate. Preliminary. Revised. W Withheld to avoid disclosing individual company confidential data; not 


included in total. 


In addition to the countries listed, Brazil, Bulgaria, East 


believed to produce bismuth, but available information is 


levels. 
3 Less than 1/2 unit. 


the Territory of South-West Africa are 


inadequate Lh formulation of reliable estimates of output 


3Production by COMIBOL plus exports by medium and small mines. 
*Bismuth content of refined metal, bullion, and alloys produced indigenously, plus recoverable bismuth content of 
processing. 


domestic ores and concentrates exported for 


Boron 


By J. W. Pressler’. 


In 1976, U.S. production and consumption 
of boron minerals increased somewhat com- 
pared with that of 1975, however the total 
value of sales and captive uses increased to 
$185 million, the largest amount in history. 
Exports of boric acid increased slightly in 
1916, while exports of refined sodium borate 
were unchanged. Production was main- 
tained at near peak levels, and the three 
major producers had a steadily increasing 
market demand during the year. 

Insulation fiberglass, textile fiberglass, 
and borosilicate glass products continued to 
be the principal uses for borate minerals 


and chemicals in the United States, con- 
suming more than 50% of the total supply. 
During the year, a constantly increasing 
market for thermal insulation caused in- 
creased. demands on borate minerals and 
chemicals in insulation fiberglass (glass 
wool) and on boric acid in the production of 
cellulosic insulation (paper wool). 

California provided the entire U.S. output 
of boron minerals, mostly as sodium borates 
and boric acid but more recently with some 
calcium borates. Imports of calcium borate 
(colemanite) from Turkey in 1976 increased 
slightly over those of 1975. 


Table 1.—Salient boron minerals and compounds in the United States 
(Thousand short tons and thousand dollars) 


1972 1978 1974 1975 1976 
Sold or used by producers: 
Quantity: 
Gross NINOS P ως. 1,121 1,225 1,185 1,172 1,246 
Boron oxide 601 664 619 608 680 
Üö’⁵L⅛ jr ¾mwe -- HM CONSORS $95,882 $113,648 $128,306 $158,772 . $184,852 
Imports for consumption: 
Quanti i» E TE i aly ⁵˙⅛˙—⅝r:ʃ TS 20 18 21 28 30 
i E NE ß EA $626 $852 $1,560 $1,953 
1Colemanite only 
DOMESTIC PRODUCTION 


Domestic production and sales of boron 
minerals increased 4% in 1976, compared 
with that of 1975. Most of the output con- 
tinued to come from Kern County, Calif., 
and to a smaller extent from San Bernardi- 
no and Inyo Counties, Calif. 

At Boron, in Kern County, the large open 
pit mine and refining plant belonging to 
U.S. Borax & Chemical Corp., a member of 
Rio Tinto-Zinc Corp., Ltd., of London, Eng- 
land, continued to be the world's chief 
source of boron, although Turkish tincal, 
colemanite, and refined products are rapid- 


ly becoming of great importance in world 
trade. U.S. Borax now processes over 10,000 
tons of ore per day, producing principally 
crude sodium borate, refined sodium borate, 
and their anhydrous varieties at the Boron 
mine site. During the year, the $54 million 
expansion project at Boron continued on 
schedule; a major portion of the new capaci- 
ty was to be onstream by 1977. This project 
will provide a 2596 to 3096 increase in the 
output of U.S. Borax's primary products, 


! Physical scientist, Division of Nonmetallic Minerals. 
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pentahydrate and decahydrate borax. Con- 
siderable debottlenecking of the facilities 
was accomplished during the year, and 
design of additional facilities to further 
expand capacity was in progress. "The com- 
pany's chemical plant at Wilmington, Calif. 
preduced a variety of high-quality gpecialty 
borate products and had a secondary 
function of serving as an overseas shipping 
point for bulk shipments. The rated capaci- 
ty of the boric acid plant at Wilmington was 
increased 25% in 1976, and the spray-dry 
plant’s capacity was tripled. The company’s 
total production increased slightly during 
1976. Demand for all industrial borax pro- 
ducts increased steadily during the year. 
Economic recovery started later than might 
have been expected by reference to 1975, 
but by the latter part of 1976 sales were 
again at a very satisfactory level. 

Boric acid was projected to have a strong 
growth rate for a large variety of end uses, 
including cellulose insulation and fire- 
resistant cotton batting, textile fiberglass, 
and heat-resistant glass, and U.S. Borax 
was giving serious consideration to addi- 
tional boric acid capacity at yearend. At 
Burlington, Iowa, U.S. Borax has a plant 
and warehousing facility for compounding, 
packaging, and distributing household 
soaps and other consumer products to the 
Eastern and Midwestern United States. 
These combined operations of U.S. Borax in 
the United States had an annual capacity of 
more than 600,000 short tons of boric oxide 
B. O-.) equivalent (or about 190,000 tons of 
contained boron) in 1976 and will be 25% to 
30% greater when the planned expansions 
are completed in 19777. 

Crude commercial-grade sodium borates, 
known as Rasorite 46 (pentahydrate borax) 
and Rasorite 65, the anhydrous equivalent, 
represent almost one-half of U.S. Borax's 
output in tonnage and about one-half of the 
value. In addition to the Rasorite 46 and 65 
production, refined borax pentahydrate and 
decahydrate represent over one-third of the 
output tonnage. 

U.S. Borax maintains a warehouse and 
distribution facility at Botlek, Netherlands, 
from which borax and boron chemicals are 
shipped to other parts of Europe. 

At Searles Lake, Kerr-McGee Corp. op- 
erated the Trona and Westend plants, 
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with combined capacities of approximately 
130,000 tons of B,O; equivalent per year. 
Borates were produced along with potas- 
sium compounds, lithium carbonate, soda 
ash, and salt cake from the mineral-rich 
brines. The Westend plant had a capacity of 
25,000 tons per year of ΒΙΟ. equivalent, 
principally as anhydrous borax. The 
flowsheet was based upon the carbonation 
process. At the nearby Trona plant, Kerr- 
McGee utilized the carbonation process and 
a differential evaporative process with a 
combined capacity of 100,000 equivalent 
tons of B,. O, per year to produce borax 
pentahydrate and decahydrate, boric acid, 
and anhydrous borax. Boric acid was also 
produced from weak brines by liquid-liquid 
extraction. A major new soda ash plant is 
being constructed adjacent to these existing 
facilities for completion by yearend 1977, 
but a borate cycle apparently is being defer- 
red until the recovery economics are feasi- 
ble. 

In 1976, Tenneco Oil Co., the third U.S. 
producer, significantly increased production 
of colemanite and ulexite from its Ryan 
mine near Death Valley, Inyo County, Calif. 
The colemanite (calcium borate) is process- 
ed at a plant at Lathrop Wells, Nev., utili- 
zing calcination and screening, principally 
for the fiberglass market. The ulexite 
(calcium-sodium borate) is trucked to a 
plant at Dunn, Calif., where it is prepared 
for the market by grinding to minus 200 
mesh. Its principal use is in the manu- 
facture of glass wool insulation and fire- 
retardant chemicals. 

Tenneco had increased its reserves as a 
result of exploration and development 
and had approved a plan to double pro- 
duction within 3 years with a capital invest- 
ment of $20 million. In October, however, 
Tenneco sold its total boron mining and 
marketing assets to the American Borate 
Corp., which will continue the present oper- 
ations. This action followed the passage by 
Congress of Public Law 94-429 to regulate 
and constrain all mining activities within 
the National Park system. The law, which 
repealed the mineral entry provision for 
certain units, also applied to Death Valley 
National Monument, which is currently the 
sole commercial source of colemanite and 
ulexite in the United States. 
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CONSUMPTION AND USES 


About 50% of the U.S. output of boron 
minerals and compounds was exported in 
1976, while the balance was consumed 
domestically. Official U.S. trade statistics 
report only the export of refined boron 
chemical products; the export of crude so- 
dium borate, equivalent to a commercial 
grade of 98% to 99% purity, is proprietary 
information. So-called "crude" product ex- 
ports have never been reported by the 
Bureau of the Census, but probably will be, 
effective January 1, 1978. With these total 
figures, an accurate consumption figure will 
be available each year. 

Measured in terms of boron content, U.S. 
consumption was probably about 112,000 
short tons in 1976, compared with possibly 
98,000 tons in 1975 and 110,000 tons in 1974. 
Insulating fiberglass, textile fiberglass, and 
borosilicate glasses were the major con- 
suming uses for boron minerals and com- 
pounds in the United States in 1976, 
approaching 50% of the total end use. 
Spectacular growth for thermal insulation 
was reflected in increased demand for bor- 
ates in insulation fiberglass manufac- 
turing and in the production of cellulosic 
insulation. The production of “paper wool" 
from shredded scrap newsprint and boric 
acid created an unusually heavy demand 
for boric acid by yearend and may continue 
unabated for the near term. 

About 80% of home insulation materials 
in 1976 was accounted for by glass fiber, 
produced by three companies in the United 
States. Dominant in the industry were 
Owens-Corning Fiberglas Corp. with about 
50% of the market, and Johns-Manville 
Corp. and CertainTeed Corp., sharing the 
other 50%. However, 1976 saw the emer- 
gence and strong competition of cellulosic 
insulation, especially that produced by 
shredded newsprint with the addition of 
about 20% to 25% boric acid and borax for 
flame and fire retardancy. Small planta 
were promoted and financed by the Small 
Business Administration, surmounting the 
traditional industry entrance barriers of 
high capital cost, competitive technology, 
and industry expertise. By yearend, short- 
ages of boric acid had developed which 
caused sales allocations and black market 
activities. 


Up to 11,000 tons of boron content was 
used in 1976 in the rapidly growing cellulos- 
ic insulation business, consuming up to 2596 
of the weight of the insulation in formu- 
lations of boric acid and sodium borate and 
other chemicals. A recent survey of this 
market indicated a growth rate of 34% for 
the next 3 years. 

In addition to the thermal insulation 
markets, applications for borates currently 
experiencing significant growth included 
the treatment of mattresses and upholstery 
with boric acid for fire retardance and the 


incorporation of borate compounds in plas- 


tics for similar purposes. 

U.S. consumption in 1976 of borate com- 
pounds in cleaning and bleaching was about 
17,000 tons of boron content, including 
about 6,000 tons in sodium perborate deter- 
gents for higher temperature washing. Per- 
borates were also used as a bleaching agent 
or as a source of active oxygen in laundry 
products. In addition, chemical derivatives 
require at least another 10,000 tons per year 
of boron content. Borohydrides have a 
growing use as chemical reductants in such 
important industrial processes as regenera- 
ting sodium hydrosulfite in reductive pulp 
bleaching. Borax and boric acid uses in the 
cleansing field included toothpaste, mouth- 
wash, and eyewash. Approximately 8,000 
tons of boron yearly was used in the manu- 
facture of biological and growth-control 
chemicals for use in algicides and water 
treatment, fertilizers, herbicides, and in- 
secticides. 

Two minor but important uses, as corro- 
sion inhibitors in antifreeze and as fire 
retardants, consumed as much as 5,000 tons 
of boron content per year. The use of fire- 
retardant chemicals such as zinc borate in 
the plastics industry enjoyed a very rapid 
growth in this market. 

The list of miscellaneous uses is very 
diverse: Borates as fluxing material and as 
shielding slag in the nonferrous metallurgi- 
cal industry; borate compounds as compo- 
nents in plating baths in the electroplating 
industry; ferroboron in small amounts in 
specialty steels; boron in nonferrous alloys. 
such as surfacing metal that are subject to 
heavy wear; boron nitride compounds as 
abrasives; boric acid as a catalyst in air 
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oxidation of hydrocarbons to key nylon 
intermediates, in the oxidation of paraffins 
to higher alcohols used as intermediates for 
surfactants, and as a conditioning agent in 
the manufacture of ammonium nitrate; and 
various boron products used in pharmaceu- 
ticals, paper, textile, leather, nuclear 
shielding, photography, paints and var- 
nishes, adhesives, and pyrotechnics, and in 
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a few commercial automotive fuels as boron 
esters to inhibit surface ignition and spark 
plug fouling. 

U.S. demand for boron minerals and com- 
pounds is expected to increase substantially 
in view of the strong growth projected for a 
large variety of end uses, including textile 
fiberglass, heat-resistant glass, cellulosic in- 
sulation, and fire-resistant cotton batting. 


PRICES 


U.S. boron mineral and chemical prices, 
which were unchanged in 1975, were raised 
at least 1290 (depending upon the product) 
at the beginning of 1976. The average value 
of 1976 borate mineral shipments was $293 
per ton of B. O., compared with $268 in 1975. 
As a result of general inflationary pressure 


plus the continued sharply rising cost of 
energy for industrial purposes in California, 
a further rise of around 7% was announced 
at yearend to take effect in early 19777. The 
rounded dollar figures quoted in table 2 are 
for U.S. f.o.b. plant prices per short ton of 
product. 


Table 2.—Borate prices per short ton, 1976: 


Product 


nt Borate 
τ” f.o.b. railcars, Dunn, Calif. 


Boric acid, anhydrous, 96. works |... 
πάς, can deb οι pete. Poor 


Colemanite, Turkish, 42% B203, crude, lump, f.o.b. railcars, U.S. east coast port 


Dec. 81, 1976 


$208-$248 
106- 110 
82- 


Reporter. V. us. No. 1, Jan. 8, 1977, p. 52. Other conditions velim final preparation, transportation, 


1Chemical 
quantities, ου... cum] πο d 
20.8. Borax & Chemical Co 
American Borate Corp. 


and somewhat different t price quota 


FOREIGN TRADE 


U.S. exports of boric acid increased to 
36,492 tons valued at $12.4 million in 1976, 
compared with 33,697 tons valued at $11.5 
million in 1975. Exports of refined sodium 
borate showed a small decrease to 211, 362 
tons valued at $49.2 million in 1976, from 
212,266 tons valued at $42.5 million in 1975. 
In addition, a large amount of crude sodium 
borate (mostly Rasorite 46 with a ΒΙΟ, 
content of 48%) was exported and not re- 
ported in U.S. trade statistics. However, 
beginning in 1978, it will be reported as part 
of the official U.S. trade statistics. Exports 
of crude sodium borates remained the same 
compared with 1975. 

A detailed breakdown of reported exports 
in 1975 is shown in table 3. Within this 
table, data for all countries outside Western 
Europe are fairly accurate. The aberration 
of high exports of refined sodium borates to 
the Netherlands continued in 1976, explain- 
ed by the fact that the Netherlands is a 


major transshipment point rather than the 
final destination. Α more meaningful tabu- 
lation of consuming nations, including the 
exports of crude borates, would show that 
West Germany, France, the United King- 
dom, Belgium, and Italy were ahead of the 
Netherlands in that order. 

In 1976, the United States imported 
30,247 short tons of .commercial-grade 
colemanite (calcium borate) valued at 
$1,953,000, all from Turkey. It was used 
principally for insulation fiberglass. manu- 
facturing. This compared with 27,641 short 
tons valued at $1,560,000 in 1975. Enamels 
and cleaning compounds were the principal 
borate markets in Europe. Sodium perbor- 
ate was very effective as a detergent and 
bleaching agent because of the higher wash- 
ing temperatures commonly used. This end 
use accounted for almost one-third of the 
total European borate consumption, but 
only about 596 of U.S. consumption. 
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Table 3.—U.S. exports of boric acid and sodium borates, in 1976 
Boric acid Sodium borates 
HBO, content) (refined) 

Destination Quantity Value Quantity Value 

(short (thou- (short (thou- 

tons) sands) tons) sands) 
A 1 ce REOR RIPE ERR ³ « 88 8,715 $1,221 8,526 $1,798 
Belgium-Luxembourg ....... ggg 94 8 PM Eon 
ος ο --———— 0. ανα 8 8,090 1,308 8,502 1,959 
J o y yy κώμα 2,648 672 86,492 666 
ee e . ua ENS 546 81 
Colombia .— o ꝛ⅛ð—“-ů ᷑ r 8 515 187 1,003 191 
ΌοναβΒίςε.........-.---------ᾱ-.-.-------...------.---.... 21 9 284 67 
J; a Sy A ac cx u SN an ass ENS oe 88 11 
οτι hte Seca ac πας δις ge πιο σαι aa asas 48 12 ec “ΗΕ 
ElSalvador ............................... 4 2 0 90 
ee, d . a 4 2 211 46 
„ ο LE u e m Z sas 212 86 110 42 
A [. mp us Susu ³ ↄ ↄ 8 585 144 55 30 
%0%GGöööööööõöÜfͥ³ s s ] ͤ ͤ ͤͥͤͥvͥyrd y ee ee » oe 84 11 
Hong Kong_-______________________________ 180 47 8 406 gn 

ong Κοης.........-----------------------------------.---.-.------.--- τ 
]ηὰοηθαὶβ..................................................................... 6] 24 1,047 185 
J) ⁰⁰y0 ο PS ĩ τς. IN 1 2 2,078 287 
õͤõĩõĩ7ͤ7[Vo⁴l ꝛ .. md iL S sS Sa 140 47 805 69 
C pu u Tu eh Z νεος εις et 1,301 918 168 22 
EDEN ο eic Lou co A Qua LL sans 10,992 8,721 41,980 9,969 
Korea, Republic J) ³Ü A 1.229 454 4,513 651 
νο ο κ wm ον N ae — 55 8 
κ ελα ĩð ũ ĩ κα το an EN 9 4 298 51 
^o NECARE SER en aS OA haywaspa TOES 8,574 1,097 21,457 8,679 
Netherlands 4,189 1,609 862 14,008 
New Guiness 90 32 m T 
New Zealand ______________~________ 374 183 3,075 1,006 
Nicaraauaun 2c- He ΜΉΝ 124 47 
NOFWRy- cuu u: Oh u 8 183 41 ΕΕ Ex 
Jöͤõ.õͤĩÜ%˙ͤ.᷑(Cĩð ĩͤ K ͤ y y 200 84 212 84 
Pep ο ος oue. onum a eS A 112 48 185 83 
Philippineie2222as2ss 580 189 1,150 281 
das JJ τος IIR ʒ UN T μα c 62 7 
r πμ ναών» 218 65 850 55 
South Afr Africa, Republic oe: „„ S16 17 | 1,049 272 
μπαμ πιο αμ ĩð EAEE 258 493 68 
Switzerland ______________________-_______ ΚΞ a 118 16 
CCCP! dd dd a E Er Ee re 379 199 8,514 647 
Hand. - Z μμ μας αμ μα 92 88 144 148 
United Arab Emirates Ee mM 72 
United Kingdom __________~_________ 889 149 23,183 6,854 
U ) ο κ EE PROTON ος ολ κ ος 89 144 43 
Venezuela ................................-....-.-.....-.-..-.-...... 110 46 1,818 817 
OR ras se lie ⁰ʒ E 113 44 208 46 
TOU τς ²˙ wmͥ⁊¾ũ̈bß .. 36,492 12,868 211,862 49,156 
WORLD REVIEW 


Argentina.—Argentina remained the 
only known producer of boron minerals in 
South America in 1976, maintaining a bor- 
ate minerals output of 86,000 short tons. 
Boroquimica, an RTZ Borax Ltd. subsidiary, 
produced the major portion of the output 
from its Tincalayu mine in the Salar del 
Hombre Muerto basin in the Salta region of 
northwest Argentina. A small production 
also came from the Compafiía Productora 
de Boratos. Most of the output was con- 
sumed domestically, with some exports to 
other countries in the Latin America Free 
Trade Area. In 1976, 24,208 short tons of 


that the Salar de Pastos Grandes deposit 
near the Tincalayu mine may also be in 
operation.? 

Bolivia.—Although there was no current 
production, it was known that there were 
large deposits of sodium carbonate, ulexite, 
and borax associated with the Salara de 
Uyuni and Coipasa as well as other smaller 
saltpans on the Altiplano. The most impor- 
tant deposit appeared to be located just 
south of the Salara de Uyuni.? 


ie z London and South America Review. March 
Kistler, R. B., and W. C. Smith. Boron and 
ustrial Min 


Borates. Ch. 
sodium and calcium borates was reportedly in Ind erals and Rocks, 4th ed., Α.Ι.Μ.Β., New 
exported to Brazil. The production and ex- 1208. bolany 


port of calcium borate in this case indicated 


La Paz, Bolivia. State Department Air- 
gram A- 38, Apr. Apr. jo 1977, p. 61. 
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Chile.— Production of ulexite from Ascot- 
an and boric acid from the refinery at Coya 
Sur was being phased out. In 1974 there was 
a small production of 1,100 tons, and no 
production was reported in 1975. In 1976, it 
was reported that only 3.5 short tons of 
ulexite with a 31% ΒΙΟ, content was 
produced. 

China, People's Republic of. — The 
People's Republic of China produced a suf- 
ficient but relatively unknown amount of 
borate minerals, and little is known about 
the industry. A decade ago, it was reported 
that a borax plant with hundreds of fur- 
naces was built at Iksaydam, which is a 15- 
square-mile salt lake near Chaha in 
Tsinghai Province in northwest China at an 
elevation of over 10,000 feet. This lake is 
also a major salt producer, and the borax is 
a byproduct of the brine refining.’ 

A comprehensive survey in 1976 by 
Chinese scientific workers on the Chinghai- 
Tibet plateau established that Tibet had 
almost 1,000 lakes, most of which are brack- 
ish or salt, and with abundant borax con- 
tent in many of the lakes in northern 
Tibet.* 

Small shipments of approximately 430 
short tons of borate minerals were exported 
to Japan in 1976, while 100 tons of refined 
products, mostly borates and perborates, 
were imported from Japan. 

France and Spain.—Increased boric acid 
refining capacity was completed during 
1976 at the plants of RTZ Borax Ltd. in 
France and Spain, and the new installations 
were reported as operating satisfactorily.’ 

Germany, East.—Small quantities of bor- 
ates were recovered during potash mining 
and processing operations in the Strassfurt 
area. It is estimated that 4,200 tons of 
processed borax decahydrate was produced 
in 1976 and similar amounts in 1974 and 
1975. 

Other South America.—There are over 
40 borate deposits in the high Andes along a 
550-mile stretch of the common borders of 
Argentina, Bolivia, Chile, and Peru. This 
tectonic-volcanic belt has many closed ba- 
sins with playas or salt flats, called salares. 
Resources are large, but any figures lack 
supporting data. Prior to 1950, Chile was an 
important producer of ulexite for the world 
market, and Peru exported ulexite from 
1894 until the 1920's. Almost all production 


‘U.S. Embassy, 
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from South America at present is from the 
Salta Province of Argentina.* 

Turkey.—The Turkish third 5-year plan 
(1973-77) and other programs have 
emphasized the importance of the mining 
sector to the growth of the Turkish econo- 
my. This is true even though mineral pro- 
duction accounts for only about 1.5% of the 
gross national preduct and for about 8% of 
the combined value-added in manufac- 
turing and mining. Mineral exports, led by 
chromite, borates, and magnesite, contri- 
buted $130 million, or 6.5% of overall ex- 
port earnings, in 1976. A continuing recom- 
mendation of the 1977 Annual Program, 
released by the Government on December 1, 
1976, was the nationalization of boron min- 
erals, effectively limiting exploitation to 
the public sector. Pragmatically, this was 
already a fait accompli, as Etibank ap- 
parently controlled 98.5% of the re- 
serves and produced over 60% of the 1976 
preduction.* 

Production of borate minerals in Turkey 
in 1976 was 1,005,000 short tons of 2796 to 
46% B. O, content, as provisionally reported 
by the Turkish State Institute of Statistics, 
Mineral Division. This was about 5% less 
compared with 1975. The boron mineral 
industry, dominated by the mines, washing 
concentrators, and refineries of Etibank 
(the Turkish Government mining corpor- 
ation responsible for all State mining activi- 
ties), continued its production at about the 
same rate in 1976 as 1975. Sales were not as 
high as expected, but towards yearend new 
orders increased rapidly. 

Installation of the new 110,000-ton-per- 
year boric acid plant at the port city of 
Bandirma was proceeding on schedule. 
Tenders for equipment went out at year- 
end, and completion was scheduled for 1979. 
Total investment cost was estimated at 
approximately $19 million, with escalation 
considerations.’° 


A New 


Industrial Power ina a Strong uMines 
Spec. Publ., 1975, p. 89 

*British B Corp. Summary of World Broad- 
casts. May 11, 1977, p v 

"The Rio Tinto-Zinc ος Ltd. (London). Annual Re- 
port and Accounts. 1976, 

Pages 486-488 of second work cited in footnote 2. 
*U.S. Embassy, Tur Department Air- 


gram A-11, Feb. 4, 1977, pp. 2-4. 
10Chemical Age. V. 118 No. 2988, Oct. 22, 1976, p. 8. 


BORON 


Etibank's large boron chemical complex 
planned for the Kirka area has been 
plagued with delays and cost increases. The 
facilities, with a planned capacity of over 
284,000 tons of boron products per year, 
were originally scheduled for completion in 
1978 at a cost of $2 million. In 1976, comple- 
tion was scheduled for 1979 at a cost of $69 
million. 11 
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U. S. S. R.—In 1976, Japan reported im- 
ports of 4, 079 short tons of crude borates 
from the U.S. S. R., 2, 686 short tons οἵ boric 
acid, 29 short tons of boric oxide, and 440 
short tons of other sodium borates. These 
were increases compared with those of 1975. 
Only minor amounts of Japanese borate 
chemical exports to the U. S. S. R. were noted. 


TECHNOLOGY 


In one important area of research U.S. 
Borax & Chemical Corp. received a British 
patent (No. 1,465,299) on the froth flotation 
recovery of clean crystalline boric acid from 
a hot slurry obtained by treating borate 
minerals or compounds with sulfuric acid. 
By this patented process, the warm-to-hot 
acid slurry is treated with a salt of a 
polymeric carboxylic acid as a crystal modi- 
fier and with an anionic silicone as a froth 
modifier. The treated slurry is then cooled, 
and subjected to flotation to obtain a froth 
concentrate of crystalline boric acid con- 
taining substantially no clay slime or so- 
dium sulfate. The industry awaited the 
commercial feasibility of this technique, 
which holds considerable promise for the 
treatment of low-grade and off-grade ores. 

Fiberglass-reinforced plastic 


storage - 


tanks developed into one of the fastest 
growing tank materials for the storage of 
petroleum and chemical products. Corro- 
sion resistance and lightweight character- 
istics made installation faster, easier, and 
more economical. 

The use of alkali-resistant glass-fiber- 
reinforced cement for cladding panels, re- 
taining walls, and acoustical hoods resulted 
in a new construction material which is 
Strong, relatively lightweight, and very ver- 
satile. It is also noncombustible and flexible 
and has a high impact resistance." 
5 Press Agency. Weekly Special Report. Jan. 

p 
osa hene Marketing Revere. Fiber, Glas Tanks 
^ 1816.5 emm ews-Record. Glass Reinforced Cement. 
1 55 News-Record. Glass Fibers Cut Weight of 
Wall Panels. Dec. 9, 1976, p. 28. 
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Bromine 


By Russell J. Foster! 


The amount of elemental bromine sold or 
used by domestic producers in 1976 in- 
creased 8% to an alltime high of nearly 440 
million pounds owing to greater demand for 
ethylene dibromide and flame-retardant 
compounds. The total value of bromine and 
bromine compounds sold by producers was 
$206 million. 

Arkansas continued as the dominant site 
of the industry. During the year four bro- 
mine producers located in Arkansas either 
expanded capacity or were constructing 
new facilities for the manufacture of 
bromine-related products. Another pro- 
ducer announced plans to shift bromine op- 
erations from Michigan to its plant in 


Arkansas within 2 years. 

The authority of the Environmental Pro- 
tection Agency (EPA) to regulate the lead 
content of gasoline was upheld by the 
courts, signaling what should be reduced 
demand in the future for ethylene dibro- 
mide as an additive for leaded gasoline. 
EPA also questioned the use of ethylene 
dibromide as a pesticide. The possibility 
of harmful effects on those exposed to 
high concentrations of the flame-retardant 
polybrominated biphenyl was being eval- 
uated in Michigan. Another flame-retard- 
ant, tris(2,3-dibromopropyl)phosphate, was 
named as a possible carcinogen. 


DOMESTIC PRODUCTION 


The quantity of domestic elemental bro- 
mine sold or used increased 8% in 1976 toa 
record level of 439,538,000 pounds. Sales of 
bromine compounds by producers climbed 
1%. After 2 years of decline, ethylene dibro- 
mide sales showed an 8% gain in 1976. The 
amount of methyl bromide sold rose less 
than 1%, but other bromine compounds 
sales, including flame-retardants, increased 
6%. The total value of bromine compounds 
and elemental bromine rose nearly $5.8 
million. This can be attributed solely to 
greater production, because the unit value 
of elemental bromine and the average price 
of manufactured compounds both declined. 

There were nine bromine-producing 
plants operated in two States by six compa- 
nies. Three of these companies combined 
produced 88% of the U.S. output. The State 
of Arkansas maintained its position as the 
Nation's principal source of bromine, but, 
the State-appointed Brine Study Commis- 
sion continued to evaluate problems re- 
lated to health, the environment, and 


royalty payments to local landowners. 

The Great Lakes Chemical Corp. brought 
a new bromine plant onstream at Marys- 
ville, Ark., in February 1976. The cost of the 
facility was more than $10 million. Great 
Lakes and Produits Chimiques Ugine 
Kuhlmann of France agreed to form a 
jointly owned company, Forex Chemical 
Corp., in the United States to manufacture 
and market brominated fire-extinguishing 
compounds.? 

Michigan Chemical Corp. announced 
plans to phase out the operations of its St. 
Louis, Mich., plant during the next 2 years. 
By September 1978, bromine-based oper- 
ations will be shifted to the El Dorado, Ark. 
plant, where construction was begun on a 


! Physical scientist, Division of Nonmetallic Minerals. 

"Andre, H. W. News Release by Great Lakes Chemical 
Corp. Feb. 20, 1976, 2 pp. 

Chemical 


Marketing Reporter. Great Lakes, 
Form Bromine Venture. V. 209, No. 6, Feb. 9, 1976, p. 3. 
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$9 million, multimillion pound, flame- 
retardant-products complex. Completion of 
the unit was scheduled for early 1977.‘ 
Michigan Chemical and Velsicol Chemical 
Corp., both subsidiaries of Northwest In- 
dustries, Inc., agreed to a merger effective 
January 1, 1977.5 

The Dow Chemical Co. revealed a plan to 
quadruple production capacity for calcium 
bromide at its Midland, Mich., plant by 
1977. Dow closed its ethylene dibromide 
unit at Midland in July 1976, diverting the 
bromine to the manufacture of other bro- 
mine compounds.’ The company continued 
ethylene dibromide production at its plant 
in Magnolia, Ark., where bromine capacity 
was increased in 1976. 

Ethyl Corp. initiated a $15 million expan- 
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sion of its plant at Magnolia, Ark. The first 
of two new units was completed in the fall 
of 1976 for the manufacture of an agricul- 
tural chemical intermediate. The second {8- 
cility, slated for startup in early 1977, will 
produce alkyldimethylamines. Both oper- 
ations will utilize bromine chemistry for the 
production of these materials. 


Chemical Marketing Reporter. Michigan Chemical 
Re 210, No. 7, Aug. 16, 1976, 


Flame Retardants Uni 10 16 Mor Arkansas 
for Michigan Chemical. V. 209, No. 16. 19, 1976, pp. 5, 


Ἂν chemical apd Engineering News. ews. Concentrates. Ind 
— V. 54, o. 46, ov. 8, 1976, p. 9. ud 


News. Checkoff. New 
Plants. V. BA, No 85, Ang 28, 1976, p. 15. 
News. Concentrates. Indus- 


eer es cow. 
* 54. No. 85, Aug. 23, rbd had 9. 
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Table 1.—Elemental bromine sold as such or used in eri νὸν riot of bromine 
compounds by primary producers in the U States 


(Thousand pounds and thousand dollars) 


1955 . 1976 
Quantity Value Quantity Value 
τα ee eS ; 7 19 
ΙΕ, 2407765 270 οἶς ὅθι t 
Total 407,168 118,126 489,588 107,658 
Table 2.—Bromine compounds sold by primary producers in the United States 
(Thousand pounds and thousand dollars) | 
| 1975 1976 
Quantity ` Quantity 
Gross Bromine Value Gross Bromine Value 
weight content weight content 
dibromide ___________ 267 927 69 668 245,565 74.660 
lbromide. —— 24,161 20:396 10618 224.74 20,516 10891 
Other compound: 124,151 88611 108491 131,906 96,100 106,745 
e ns σος 415,885 836,529 188,912 444,942 862,182 


![ncludes 


hydrobromic tetrabromobisphenol-A, 1, ammonium, sodium, potassium, and other bromides. 
ο το cot Gala Cals degunt ου. uM ze 


Table 3.—Bromine-producing plants in the United States 


: 

State and company County Plant ο. 

Arkansas Chemicals, ine Union El Dorado Well brines. 
Ethyl Corp -- Columbia T sa Do. 
The Dow ical ko ον. eet 8 7. το τω Do. 
The Great Lakes Chemical Cord "non s FFF El Dorado _ _ _ _ _ _ m 
J ο τις ο a S FCC 828 : 
i Chemical Corn CERES C μπακ El Dorado Do. 
The Dow Chemical o- Mason Ludington Do. 
22 8 Midland __________ _ Midland ______ _ Do. 
Morton Chemical Co ......... ..-.---... Manis tees Manistee ______ Do. 
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CONSUMPTION AND USES 


Demand for ethylene dibromide as a lead- 
scavenging additive in leaded gasoline in- 
creased in conjunction with higher gasoline 
consumption in 1976. Due to greater pro- 
duction of other bromine compounds, 
ethylene dibromide’s share of bromine sold 
or used by producers remained at 56%. 

The lengthy court battle over the EPA 
phasedown of lead in gasoline reached a 
conclusion. The suit brought by Ethyl Corp. 
and others against EPA initially received a 
favorable decision in December 1974 when a 
US. Court of Appeals ruled that EPA failed 
to prove its contention that lead emissions 
from auto exhausts were a significant 
health hazard. In March 1976, the same 
court vacated that judgment, permitting 
EPA to proceed with the phasedown. In 
June, the U.S. Supreme Court refused to 
hear the industry appeal, and EPA 
announced that enforcement would begin 
October 1, 1976. However, in late Septem- 
ber, EPA delayed full implementation of 
the regulations. The 1976 and 1977 stand- 


ards of 1.4 grams per gallon and 1.0 grams. 


per gallon respectively, were deleted, and 
the 0.8 gram per gallon level effective Ja- 
nuary 1, 1978, would be suspended if the 
individual refining company could show 
that it had taken action toward procuring 
and installing the equipment needed to 
insure achievement of the final 0.5 gram 
per gallon standard by October 1, 1979. EPA 
felt that the original timetable would have 
imposed lead limits before refiners could 
install the equipment necessary to reach 
them, thus causing possible gasoline short- 
ages in the summers of 1977 and 1978. A 
smaller, secondary use for ethylene dibro- 
mide, that of soil and space fumigation, was 
threatened when EPA listed it among pesti- 
cides that may be too dangerous to use.“ 

Consumption of methyl bromide, also 
used as an agricultural fumigant, was up 
only slightly in 1976 after a sharp increase 
in demand during 1975. Methyl bromide 
accounted for less than 590 of bromine sold 
or used. 

Increased demand for other bromine com- 
pounds, which consumed 22% of the bro- 


mine sold or used, was paced by flame- 
retardants. The market for these chemicals 
has expanded dramatically owing to govern- 
ment flammability legislation.!* 

In March 1976, the Environmental De- 
fense Fund claimed that tris(2, 3. dibro- 
mopropyl)phosphate, a flame-retardant 
used in textiles including children's sleep- 
wear, may cause cancer." Results of ex- 
tensive, long-term feeding studies with rats 
and mice at the National Cancer Insti- 
tute were expected in early 1977. Tris was 
shown to be mutagenic by the Amës test, 
which has demonstrated a high correlation 
between mutagenicity and carcinogenic 
potential. 

A medical team from New York investi- 
gated the health of more than 1,000 people 
who had been exposed to high levels of 
polybrominated biphenyl in Michigan.” In 


1973, this fire retardant was inadvertently 


substituted for a magnesium-oxide animal- 
feed supplement in Michigan, and thus was 
introduced into the food chain. Preliminary 
findings showed that approximately one- 
third of the group examined have suffered 
some ill effects, presumably caused by the 
chemical. 

The amount of elemental bromine sold as 
such to nonproducers declined 3% and 
accounted for nearly 13% of total bromine 
sold or used. Elemental bromine was util- 
ized in water treatment, oxidation, and in 
the manufacture of bromine compounds. 


Chemical and Engineering News. EPA Lists Pesticides 
That May Be Too Dangerous to Use. V. 54, No. 25, June 14, 


1976, p. 8. 
and Engineering News. Government Rul 
Problems, Opportunities. V. 54, No. 12, Mar. 22, 1976, pp. 


12, 18. 
Chemical Week. New Flame Rules Will Fire Up Re- 
tardant Sales. V. 119, No. 16, Oct. 20, 1976, p. 35. 
11Chemical Engineering News. Flame Retardant t for 
Children’s Pose Cancer Risk. V. 118, No. 
18, Mar. 31, 1976, p. 10. 
i3Blum, A., and B. N. Ames. Flame-Retardant Addi 
As le Cancer Hazards. Science. V. 195, No. 4218. Jan. 
7. 1977, pp. 17-28. 
Pri M. J. Ë. C, McCoy, B. Gutter, and H. 8. Ro- 


senkransz. Tris2.3 DibromopropyUPhosphate: M οι. 
city of a Wide 7719 sed Flame t. Science. V. 196, 
No. 4218, Jan. 1977, Pp. 16-78. š 
Is 5 tal Health Unit in Michl. 
gan; V. 210, No. Nov. 15, 1976, pp. 5, 48 

Week. PBB the Villain? V. 120, No. 2, Jan. 
i 1971, p. 19. 


292 


MINERALS YEARBOOK, 1976 


PRICES 


The average price, f.o.b. plant, of bulk 
elemental bromine as reported by producers 
in 1976 was 23.72 cents per pound, down 
14% from the 1975 average price of 27.65 


cents per pound. Quoted prices for bromine 
and selected compounds remained un- 
changed during 1976. 


Val 
> — 
B 2 2 . 

fre E E AE AEE τ 
Drums, cariots, truckloads, delivered east οἵ the Rocky Moun ountaings _ LLL LL __- 55-62 
Zone I:* Bulk tank car, tank trucks (45,000. minimum), delivered ..... -- 25-80 
Ammonium bromide, national formulary (N.F.), granular, drume, cariots, " 
Bromochl drums, carlots, freight equalised ________________________ 18 
Ethyl bromide, technical, 98%, drums, carlots, freight allowed, East... 51 5 
lene dibromide, drums, carlots, tequalised _..._.____________________ 37 

1 bromide, distilled, tanks, 140, minimum, t allo Wee 41 
— bromide Rg pipri a poiri ο f.o.b. ------------- g^ 
Potassium bromide NT. πε ποπ... 8 


ποτε 
Mich. acht e VV 


freight equalised, 1 cent per 


pp. 30-42. 


prices 1 cent 
Pre Doone higher, iik truck prica 1 cant per 


EE Current Prices of Chemicals and Related Materials. V. 210, No. 26, Dec. 27, 1916, 


FOREIGN TRADE 


Exports of elemental bromine and bro- 
mine contained in compounds increased 396 
in 1976 to 67 million pounds and represent- 
ed 15% of domestic bromine production. 
The amount of exported bromine com- 
pounds increased 296 while elemental bro- 


mine exports rose 2296. The value of total 
bromine exports increased 1396 

Imports of bromine eal to less than 
0.1% of domestic consumption. Approxi- 
mately 73% of the bromine imported by the 
United States came from Israel. 


Table 4.—U.S. exports of bromine and bromine compounds 
(Thousand pounds and thousand dollars) 


Elemental bromine Bromine compounds 
a Quantity Value Masa 5 Value 
Wiebe ee . oe 918 260 082 427 195 
1916 5 o eee hae 8,685 1,087 12996 61.556 25:191 
J)! pause 4.485 944 74,068 62,589 29,244 
WORLD REVIEW 


Israel.—Dead Sea Bromine Co., Ltd. 
announced plans to construct a 7,500-ton- 
per-year bromine-derivatives plant at Ter- 
neuzen in the Netherlands at a cost of $12 
million. An Israeli trade agreement with 
the European Economic Community includ- 
ed reduction and eventual elimination of 
certain tariffs.'* The company also planned 


to increase bromine production capacity to 
55,000 tons per year by yearend 1978. The 
Biersheeba-based. Bromine Compounds,“ a 
sister company of Dead Sea Bromine Co., 


Industrial Minerals. Bromine and Phosphate for Eu- 
τ, κ... pM 
Tel A Israel. State Department 
a RT 2A, 1916, 6 pp. enclosure. 


BROMINE 


Ltd., was constructing a new plant at Ra- 
mat Hovev to process 44,000 tons per year of 
bromine. 

Japan.—Toyo Soda Manufacturing Co. 
completed a 660-ton-per-year unit at its 
Nanyo plant for production of decabromo- 
diphenyl ether, a flame-retardant additive 
for plastics. The expansion was facilitated 
by partial modification of an existing 
bromine-based agricultural chemical unit. 
Demand for the product increased due to 
more stringent U.S. flammability regula- 
tions concerning plastics used in electric 
household appliances. 
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Asahi Glass Co. started up a plant to 
produce 500 tons per year of bromine-based 
flame-retardants at Kita-Kyushu. “ 

Poland.—The Geological Institute of 
Warsaw has established that the bromine 
content of underground waters in the Lower 
Silesia and the Wielhopolska areas is 36 
million tons.!* 

United Kingdom.—The bromine flame- 
retardants section of  Steetley Co.’s 
Stratford plant in London was closed. Ex- 
pected legislation covering the flammability 
of certain materials had not yet been intro- 
duced in Parliament.* 


Table 5.—Bromine: World production, by country 


(Thousand pounds) 

Country! 1974 1915 1916» 
T L ME gae 
την. ..-..---.... a E 600 '600 '600 
C//ͥͤĩ³ĩ³˙¹ : ¾˙¼½· : ⅛˙- ¼¼ ĩð 2 ENEA 39,683 89,700 46,100 
V ἂν xm im 
Spain ))) 8 926 888 2880 
8 JJ.“ ³⁵ðWVXW5... ð ð d ———— ⁵⁵ eee ape 20000 en 
πι... - 482,094 407,168 489,588 

// ⁰ ⁰ð ⁰⅛mꝓ 7;ĩAd], ee eae m;; =- nde: 636,049 611,786 653,826 


Estimate. Preliminary. 
In addition to the countries listed, 


Dni. ο νο are net reported, and 


several other nations produce 
available general information eis redken for formulation of reliable estimates of output leve 


TECHNOLOGY 


Gould, Inc., of Chicago and the Electronic 
Power Research Institute, Palo Alto, Calif., 
signed an 18-month, $274,000 contract to 
develop and assess the economic and techni- 
cal feasibility of using a zinc-bromine stor- 
age battery to serve as an electric utility 
load-leveling device. Load levelers are used 
to store power generated during early 
morning hours for use during peak demand 
periods later in the day. 

Calcium bromide gained increased ac- 
ceptance as a completion fluid in high- 
pressure oil and gas wells. Production ca- 
pacity of the high-density, solids-free solu- 
tions expanded dramatically in 1976. 

Bromine chloride for cooling water treat- 
ment in power generation facilities was 


undergoing advanced field evaluation. 


17Chemical Marketing Reporter. Toyo Soda to Increase 


Bromine Additive Facility. V. 210, No. 12, Sept. 20, 1976, p. 
45. 

Chemical Age. Toyo Completes Flame Retardant Plant. 
V. 118, No. 2982, Sept. 10, 1976, p. 2. 

18Industrial Minerals. Company News & Mineral Notes. 
No. 107, August 1976, p. 50. 

19Industrial Minerals. Company News & Mineral Notes. 
No. 108, September 1976, p. 55. 

*°Work cited in footnote 19. 

*!American Metal Market. Gould, Research Unit in 
Pact To Study Zinc-Bromine Battery. V. 88, No. 150, Aug. 
2, 1916, p. 28. 

22Work cited in footnote 6. 

Kampen, E., Progress Report from Great Lakes 
Chemical Corp. July 30, 1976, 2 pp. 
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Cadmium 


By Ronald J. DeFilippo! 


In 1976 cadmium metal production in the 
United States declined for the fourth con- 
secutive year as output fell to the lowest 
level since 1936. Apparent consumption re- 
turned to a median level from the low level 
of 1975. Imported cadmium metal, not in- 
cluding the cadmium content of imported 
flue dusts and zinc concentrates, provided 
4290 of the total U.S. supply, compared with 
41% in 1975. 

Seven plants and six companies ac- 
counted for the total domestic primary 
production. Canada was the major source 
of zinc concentrates from which cadmium 
was extracted as a byproduct. The producer 
price increased from $2 per pound at the 
beginning of the year to $3 at yearend. 

Legislation and Government Pro- 
grams.—In March, 63 tons of cadmium 
metal was sold by the General Services 
Administration (GSA) from national stock- 
pile excesses. On October 1 the Federal 
Preparedness Agency recommended a new 
stockpile goal of 12,351 tons. The yearend 
uncommitted inventory of cadmium was 
9,164 tons. 

The Office of Minerals Exploration is 


authorized to loan up to 5096 of approved 
exploration costs for cadmium. However, no 
new funds were available in 1976 for explor- 
ation contracts. Depletion allowances were 
2296 for domestic mines and 1496 for mines 
in foreign countries. 

The National Institute for Occupational 
Safety and Health (NIOSH) was developing 
new criteria for cadmium exposure in the 
workplace. Previous standards limited dust 
exposure to 200 micrograms per cubic meter 
and fume exposure to 100 micrograms over 
an 8-hour day. The new recommended 
standard proposed in August 1976 was that 
workers should not be exposed to more than 
40 micrograms of cadmium per cubic meter 
on a time-weighted average up to.a 10-hour 
day, 40-hour week, or to more than 200 
micrograms per cubic meter for any 15- 
minute sampling period. 

Late in the year, the Environmental Pro- 
tection Agency (EPA) suspended its plating 
effluent regulations, which required that 
platers meet best practical technology 


lg bars gius scientist, 13 of the Division of Nonfer- 
rous dees, presen t specialist is John Lucas, physical 


scien 


Table 1.—Salient cadmium statistics 


(Short tons) 
1972 1978 1974 1975 . 1976 
United States: 

Production! __----------------------—--—-—- 4, i 8,751 8,888 2,1 
Shipments by producers? dd 4,804 8,250 81 2,562 
/// AAA edo d mer thousands. _ 518 265 $23,891 $21,405 184, 166 $10,498 
Export cuencas ές ρώσος 158 81 1 252 
Imports for ος. metal... Se 1211 1 1,948 1,985 2,018 8,411 
Apparent consumption 6,313 6,261 6,050 79,868 5,982 
ice: Average per pound? ee aR a C0 T $2. $3.64 $4.09 $3.36 $2.66 
World: Productionu,UuUuůuñu 18,371 18,925 119,041 16,925 18,892 


"Revised. 
Primary and κ. cadmium metal. Includes equivalent metal content of cadmium sponge used directly in 


production of compounds 
Includes metal consumed at producer plants. 


Average quoted price for cadmium sticks and balls in lots of 1 to 5 tons. 
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standards by July 1977. Most platers were 
already covered by discharge permits that 
allowed them to exceed the standards while 
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treatment facilities were being designed 
and installed. EPA expected to have new, 
less stringent regulations by mid-1977. 


DOMESTIC PRODUCTION 


Domestic cadmium metal production was 
4839 tons in the first quarter, decreased to 
434 tons in the second quarter, peaked at 
491 tons in the third quarter, and then 
declined in the fourth quarter to 470 tons. 
Total cadmium metal production for the 
year was 2,256 tons, up 3% from that of 
1975. The New Jersey Zinc Co. cadmium 
plant was producing only part of the year, 
and production of cadmium began at mid- 
year from National Zinc Co.’s new plant. 
Metal shipments were 40% greater than 
metal production and were over three times 
greater than those of 1975. 

Smelter production of cadmium metal in 
the United States averaged about 7 pounds 
of cadmium per ton of slab zinc produced, 
compared with 10 pounds in 1975, 12 pounds 
in 1974, and 13 pounds in 1973. In prior 


years the pounds of cadmium per ton of zinc 
ranged between 10 and 12. In recent years, 
primary producers have been making more 
compounds at the expense of metal. 

Cadmium sulfide production (including 
cadmium sulfoselenide and lithopone) de- 
clined 18% from that of 1975, slightly more 
than the rate of decline for metal pro- 
duction. 

Cadmium oxide was produced at two of 
the seven primary-metal-producing plants. 
One plant reported secondary production, 
which was remelted metal or refined 
cadmium. Data on cadmium oxide pro- 
duction are not published to avoid 
disclosing individual company confidential 
data. 


Table 3.—Cadmium sulfide produced in the 


United States 
Table 2.— Primary cadmium producers in (Short tons) 
the United States in 1976 
Y Sulfide! 
Company Plant location in (cadmium content) 
AMAX Zine Co. ne Sewell , 187 1357 
Do Denver, Colo. NOTE το ee ERE 1,085 
Hill o Kellogg, Idaho J ĩ EEE 987 
National Zinc Co Bartlesville, Okla. JJ!!! τα et 804 
ew Jersey Zinc Co- Palmerton, Pa. —— T TYT — 
St. Joe Minerals Corp - Monaca, Pa. oe cadmium lithopone and cadmium sulfoselen- 
CONSUMPTION AND USES 


Actual consumption data are not gath- 
ered by the Bureau of Mines. The apparent 
consumption of cadmium, 5,932 tons, was 
16% above that of 1975. Metal used for 
electroplating hardware used in transpor- 
tation vehicles and stationary mechanical 
and electrical equipment was estimated to 
account for slightly less than half of the 
total U.S. cadmium consumption. Cadmium 
compounds used for red, orange, and yellow 
pigments and other compounds used as 
plastics stabilizers accounted for an addi- 
tional one-third of U.S. consumption. 
The remainder of U.S. consumption was ac- 
counted for by cadmium metal and com- 
pounds used in alloys, nickel-cadmium bat- 


teries, and specialized electronic devices. 


Table 4.—Supply and apparent 
consumption of cadmium 
(Short tons) 
1975 1976 

Stocks — beginning ` 1,596 841 
FFF pus 
Government sales ο 
ο ο ο ο ον ον Na 
Stocks—end ~- 2,841 2,887 

Apparent consumption?! 79,968 5,932 


"Revised. 
VTotal supply minus exports and yearend stocks. 
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Figure 1.—Trends in production, consumption, yearend stocks, exports, imports, and 
average price of cadmium metal in the United States. 


STOCKS 


Stocks of cadmium metal held by metal manufacturers increased 23%, and metal 
producers at the end of 1976 decreased 3496 stocks of distributors increased 31%. 
to 1,369 tons. The metal stocks of compound 


Table 5.—Industry stocks, December 31 


(Short tons) 
1975 1976 
Cadmium Cadmium in Cadmium Cadmium in 
metal compounds metal compounds 
Motal producers ................----------------------------------------- 2,078 W 1,869 
Compound manufacturers! 138 888 163 541 
JJVVꝙVyꝙꝙh:; κοκ c y uL uM LE 218 84 219 29 


Toti] Uu nnne c E LU PU E ας 2,419 422 1,811 516 
W Withheld to avoid disclosing individual company confidential data; included with “Compound manufacturers." 
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PRICES 


Producers, all beset by large inventories, 
began the year with cadmium priced at $2 
per pound. Late in February, increased Eu- 
ropean prices put upward pressure on do- 
mestic prices. ASARCO, Inc. raised its cad- 
mium quote to $2.50 per pound on March 


had followed. The producer price for cad- 
mium remained at $8 through yearend. 
Dealer prices were generally the same as 
producer prices with some discounting at 
the beginning and end of the year. 


8, and by March 10 all U.S. producers Table 6.—Cadmium prices, 1976 
quoted the same price. Also on March (Dollars per pound) 
10 GSA raised the price for cadmium Producer price 
to $242. On April 5 ASARCO raised its Date so 
price to $2.75 per pound, and National Zinc 
C Mar. 8 to Mar. 19 -2-2-2222 200-250 

pril 29, the other three producers raised -10to Apr.5 -- 
their prices to the same level. Bunker Hill Apr. 99 t Lug 1 0.275 
raised its quote to $3 per pound on August Aug $1 to Dee 51 στ: ut 
5, and by August 31 all other U.S. producers 

FOREIGN TRADE 


Exports of cadmium metal and scrap 
increased from 198 tons in 1975 to 252 
tons in 1976. The principal recipient coun- 
tries were Belgium-Luxembourg, 51%; 
the Netherlands, 30%; and France 13%. 


Republic of Korea, 3%. The cadmium con- 
tent of flue dust imported from Mexico 
decreased 29% from that of 1975. 


Table 7.—U.S. exports of cadmium metal 
and cadmium in alloys, dross, flue dust, 


Imports of cadmium metal increased 30% residues, and scrap 

over those of 1975. Canada was the largest Quantity Val 
s š Year (short = 
supplier of metal with 31% of the total, tons) (thousands) 
followed by Australia, 12%; Mexico, 12%; 191% 31 $238 
Yugoslavia, 9%; Belgium-Luxembourg, 8%; 197% q — 5 713 
West Germany, 4%; France, 4%; and the 
Table 8.—U.S. imports for consumption: of cadmium metal and 
cadmium flue dust, by country 
1975 1976 
Country ti Val ti Val 
αυ (thousands) R aaryid (thousands ) 

Cadmium metal: 

Australia 398 $2,006 421 $2,008 

p d ee dE 5 85 = = — 

Ee oe peo 606 u^ x s 

Canada 279 1.611 1,052 5,361 
Congo "c 17 108 T κ 
-Finland oes ot u i LS TS SD 4 21 48 237 

Franoe 222.22: ⁰ꝛ n 222 81 130 533 

Germany, West ____________________ 225 1,091 183 576 

Indi <- is te au u uy cu --- 187 

πι 5 ne ee oe Ue ee NE ops 32 146 

Korea, Republic aß 55 259 110 478 

Morio το εώς εελὼ m SDS Z uu 214 1,859 898 1, 

Netherlands? _____________________ 68 304 52 

Ες ο ο ο ο αμ όνος 118 848 96 419 

Poland ________________________-_ 17 89 se s 

Spain? __ _ oe eee se 120 507 89 178 


See footnotes at end of table. 
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Table 8.—U.S. imports for consumption! of cadmium metal and 
cadmium flue dust, by country —Continued 


1975 1976 
Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
Cadmium metal —Continued E 
. š 3 3 g 
ni HE noc oe e LE 
Y CCC 77 406 322 611 
ων ο πιει POEM 216 1,009 66 
32322 οι πο ĩð AES ER νοι- 2618 13,902 8,411 14,511 
Flue dust (cadmium content): 
HEC ατα ο ο ον ος, 846 1,489 246 536 
Grand tota!lnl ---2----- 2,964 15,891 8,657 15,047 


1General imports and imports for consumption were the same in 1975 and 1976. 


Ancludes waste and scrap (gross weight). 


WORLD REVIEW 


World smelter production of cadmium 
increased 9% over that of 1975. Japan, the 
U.S.S.R., the United States and West Ger- 
many were the largest cadmium producers 
with 17%, 16%, 10%, and 9%, respectively, 
of the world total. Apparent U.S. consump- 
tion was 30% of world production. 

On July 12 the Cadmium Association was 
formed in London. The Association is oper- 
ated in conjunction with the Lead and Zinc 
Development Association and will include 


cadmium producers outside the United 
States and Canada. The U.S. counterpart is 
the Cadmium Council, formed earlier in the 
year as part of the Zinc Institute, Inc. Both 
organizations will cooperate in technical 
publications, development work, and mar- 
ket surveys. The first joint meeting was 
scheduled to be held at the First Interna- 
tional Cadmium Conference in San Fran- 
cisco, Calif., from January 31 through 
February 2, 1977. 


TECHNOLOGY 


Cadmium in the environment and its 
effects on human health remained an im- 
portant area of research. An isotope dilu- 
tion technique was developed in Australia 
to establish a baseline for other measure- 
ments of the environmental levels of cad- 
mium. Sensitivity of the technique was 
reported as 0.02 to 0.10 microgram per 
liter. The effects of chronic exposure to 
cadmium were evaluated including those in 
glucose homeostasis, the glandular system, 
and the central nervous system.? Cadmium 
metabolism in animals was the subject of a 
study that concluded that muscle meat and 
milk of animals fed a high-cadmium diet 
were safe for human consumption.‘ The 
influence of factors such as soil pH, the 
presence of ammonium nitrate, and soil 
type on the accumulation of cadmium from 
superphosphate fertilizers was studied. 
These fertilizers contain up to 100 parts per 
million (ppm) cadmium, and uptake by 


crops has been a cause for concern.“ The 
assimilation of cadmium by shellfish was 
the subject of two investigations. In one 
study, oysters exposed to seawater contain- 
ing 0.005 ppm cadmium for 40 weeks were 
found to have accumulated up to 10.75 ppm 
cadmium.* Another study determined the 
accumulation of cadmium in various shell- 
fish which were under intensive cultivation 
using municipal wastes as a nutrient 


— K., and J. R. DeLaeter. Low Level Determi- 
Environmen ium. Nature (United 

Kingdom), v. 261, No. 5562, June 24, 1976, pp. 685-686. 
*Singhai, R. I., Z. Merali, and P. D. Hardina. Aspects of 
the Biochemical Toxicology of Cadmium. Fed. Proc., Feder- 
aion A Poe: Exp. Biol., v. 35, No. 1. January 1976, pp. 


, M. W., and W. J. Miller. Cadmium Toxicity 
lism in Animals. Feedstuffs, 


v. 48, No. 3, Jan. 

19, 1976, pp. 30-82. 
5Williams, C. H., and D. J. David. The Accumulation in 
5 Residues From Phospha 


v. ΕΤ Νο. 2, February 1976, pp. 86-98. 

Am vie nd Š Cheer. isa threes 
Nature nited Kingdom), v. 261, No. 5559, June ὃν 1916, 
pp. 408-410. 
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Table 9.—Cadmium: World smelter production, by country! 
(Short tons) 
Country 1974 1975 1976P 
North America: 
Canada (refined) ..... . ..- «„ 1,870 1,314 1,422 
United Steg" ο eeu ie EI eee 8,833 2,198 2,256 
ca: 
νο ⁵⁵ eee ee Z ce Ei 581 646 *660 
Péru- 5.5 ώμο κο 201 176 *180 
or REPE 29 83 °85 
Belgium πο οσα εις ⁵ ⁵¼¼0u FOR 1,150 1,065 Ec 
Bulgaria" ος ee LE 220 220 
Finland Pec αἱ σος er οτι ο ες πο 8 112 239 *480 
RCO —-———- ee 710 502 *600 
Germany, καπ TORT s mas als 20 22 22 
Germany, Wett 1416 1,122 “1,590 
τν τον νο το ανα. 583 451 7770 
Netherlands „ 105 420 420 
e ß mh eee iL Gru E 99 62 55 
Polind rm. ↄ⁵m. 8 390 390 400 
T MN ⅛ͤ ͤ Kd Se ad a TUE 99 97 *100 
SD o o mn z 8 196 227 280 
ο... ——— — ——— ————  — i 900 ei 
ni Kingdom μι Mo ĩ ĩðͤ b ĩͤ σον 
,, ß . ee ea 260 300 800 
South-West Africa 199 130 5190 
Αι παω μον asl EUR NIA 299 291 9300 
Zambia kõũͤĩ MR UE 14 9 *10 
China, People’s Republic oh 120 120 120 
———— ——————— ——— —— —— — 65 60 *65 
Cues 77 προς a SA ιο το URS 8,337 2,929 54,200 
Korea, North?  ........... . --..-.-..---.---.--..----.- 120 120 190 
Oceania: Australia (refined 7794 608 *660 
f ul zLuuemueegrcd4 eS πα λωμεσέλειῶ 119,041 16,925 18,892 
Estimate. "Pre 


Metal Statistics, London) and Metal 
Main). Cadmium is produced in ores, concentrates, 
are 
avoid le counting. 

udes secondary. 
Output of Tsumeb Corp. for calendar years. 


source.“ Urine analyses of Australians and 
Western Europeans indicated a daily cad- 
mium intake of 30 to 50 micrograms.* The 
safety of cadmium pigments was investiga- 
ted. It was concluded that cadmium pig- 
ments in plastics that came in contact with 
food did not leach intolerable amounts of 
cadmium.* 

Comparisons were made between the cor- 
rosion resistance of electroplated zinc and 
cadmium coatings. It was determined that 
cadmium had a better resistance to marine 
atmospheric corrosion. A summary of the 
practical and theoretical aspects of cad- 
mium plating was presented which 
discussed various alloy systems including 
zinc-cadmium, cadmium-gold, and cad- 
mium-silver.? A tin-10% cadmium alloy 


Aktiengesellsc 
or flue dusts in a number of other countries, but these materials 


for treatment elsewhere to recover cadmium metal; therefore, such output is not recorded in this table to 


liminary. "Revised. 

This table gives N metal production from ores, concentrates, flue dusta, and other materials of both domestic 

do not indicate if secondary metal ( 

footnote. Data derived in part from World Metal Statistics (published 
Statistics lished by Metallgesellschaft 


from scrap) is included or not; where 
World Bureau 
Frankfurt am 


solder was found to reduce embrittlement 
in joining gold-plated components. An out- 
line of the EPA’s regulations on plating 


"Kerfoot, W. B., and S. A. Jacobs. Cadmium Accrual 
Combined Wastewater Treatment-Aquaculture System. 
Environmental Sci. τ. Technol., v. 10, No. 7, July 1976, 
pp. 662-667. 

*Miller, G. J., M. J. Wylie, and D. McKeown. Cadmium 

and Renal Accumulation in an Australian Ur- 
ban Population. Med. J. Australia, v. 1, Nos. AEN 
1976, pp. 20-23. 

*Streatfield, G. R. The Safety of Cadmi ents. 
Pigment Resin Technology (United — v. „No. 6, 
June 1976, p. be 

10Mohler, J . B. Zinc Versus Cadmium Coatings. Met. 
Finishing, v. 74, Pio. 2,7 Σ February 1916p 1976, p. 72. 

11 Raub, E. Theoretical an 


Plating. Plating Surface Finishing, v. v. 68, a Ma 


1976, pp. 30-43 
12Duc kroyd. The ripe of 
ition on the 1 * Ad 


Joints ni ld Coati < st Finishing 
(United Kingdom) v. EU 5, e pp. 18-14, 1 
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effluents was given, and methods and costs 
were discussed. One plater reported using 
an evaporator to concentrate its effluents. 
This not only eliminated cadmium pollution 
but saved $9,000 worth of chemicals 
annually.!:5 

An investigation was conducted into the 
mechanism by which cadmium nucleants 
lower the corrosion rate of lead-4% antimo- 
ny alloys for batteries. Corrosion rate re- 
ductions of 50% were attained by the addi- 
tion of 0.1% cadmium.!* A photovoltaic cell 
using n-type cadmium sulfide or cadmium 
selenide cells in a sodium hydroxide electro- 
lyte was studied. Power output of 0.14 
milliwatt with an efficiency of 1% was 
attained." A method for extracting cad- 
mium, indium, and zinc from aqueous solu- 
tions using a phosphoric acid ester was 
patented.!* Special applications of nickel- 
cadmium batteries were reported including 
a quartz wristwatch, a light aircraft power- 
ed by a bank of 120 cells, a standby lighting 
source, and a power supply for a deep-sea 
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camera unit. 

Developments in cadmium technology are 
abstracted in Cadmium Abstracts, a bi- 
monthly publication available from the 
Zinc Institute, Inc., 292 Madison Ave., New 
York, N.Y. 10017. 


l3Lawes, B. C. The Plating Industry, EPA and 1983, Part 
]. Products Finishing, v. 40, No. 8, May 1976, pp. 60-68. 

14 . The Plating Industry, EPA and 1983, Part 2. 
Products Finishing, v. 40, No. 9, June 1976, pp. 64-16. 

15Products Finishing. Loop Closed on Cadmium. V. 40, 
No. 6, March 1976, pp. 50-53. 

1$ Abdul Azim, A. A., K. M. El-Sobki, and A. A. Khedir. 
The Effect of Some Alloying Elements on the Corrosion 
Resistance of Lead-Antimony Alloys - Part 1: Cadmium. 
η Sci. (United Kingdom), v. 16, No. 4, 1976, pp. 

1 

17Ellis, A. B., S. W. Kaiser, and M. S. Wrighton. Visible 
Light to Electric Energy Conversion. Stable Cadmium 
Sulfide and Cadmium Sulfoselenide Photoelectrodes in 
Aqueous Electrolytes. J. Am. Chem. Soc., v. 68, No. 6, Mar. 
11, 1976, pp. 1635-1637. 

18Baver AG and Duisburger Kupferhutte. Selective 
Extraction of Zinc, Cadmium and Indium From Aqueous 
Solutions. Brit. Pat. 1,428,278, Mar. 17, 1976. 

19International Nickel Co. Inc. Nickel-Cadmium Bat- 
teries Provide Rechargeable Power for Flight-Time 
Light Research. Nickel Topics, v. 29, No. 1, 1976, pp. 5-6. 
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Calcium and Calcium 
Compounds 


By J. W. Pressler! 


Calcium metal was manufactured by one 
company in Connecticut. Calcium chloride 


Synthetic calcium chloride was manufac- 
tured by one company in New York and 


was produced by two companies in Califor- two companies in Washington. 
nia and three companies in Michigan. 
DOMESTIC PRODUCTION 
Pfizer Inc. produced calcium metal at duction. 


Canaan, Conn., by the Pidgeon process, in 
which quicklime and aluminum powder are 
heated in vacuum retorts; at a temperature 
of 1,170* C, calcium vaporizes and is col- 
lected at one end of the retort. 

National Chloride Co. of America and 
Leslie Salt Co. produced calcium chloride 
from wells in San Bernardino County, Calif. 
Output increased 159v. The Dow Chemical 
Co., Michigan Chemical Corp., and Wilkin- 
son Chemical Corp. recovered calcium chlo- 
ride from brine in Gratiot, Lapeer, Mason, 
and Midland Counties, Mich. Output in- 
creased 996. Total production of natural 
calcium chloride was 649,000 tons, an in- 
crease of 9% compared with 1975 pro- 


Allied Chemical Corp. recovered syn- 
thetic calcium chloride as a byproduct of 
soda ash at Syracuse, N.Y.; Reichold Chem- 
icals, Inc. recovered synthetic calcium chlo- 
ride as a byproduct of pentachlorophenol 
manufacture at Tacoma, Wash.; and Hook- 
er Chemicals & Plastics Corp. manufac- 
tured calcium chloride at Tacoma using 
limestone and hydrochloric acid. Total 
output of synthetic calcium chloride was 
248,000 tons, an increase of 6% compared 
with that of 1975. 

The total value of all calcium chloride 
sold in 1976 was an alltime record high of 
$47 million. 


CONSUMPTION AND USES 


Calcium metal was used as a reducing 
agent to separate metals such as colum- 
bium, tantalum, thorium, titanium, ura- 
nium, vanadium, and zirconium from their 
oxides; to form alloys with aluminum, lead, 
lithium, magnesium, and silicon; as a scav- 
enger in the steel industry; and in the 
manufacture of calcium hydride. The use of 
calcium metal in the new maintenance-free 
(MF) storage battery increased rapidly in 
1976, with two of the largest battery pro- 
ducers reporting threefold increases in the 
production of Pb-Ca MF batteries. General 


Motors Corp. was apparently committed to 
the use of MF batteries in 65% of its cars in 
1977 and 100% by 1980. 

The principal use of calcium chloride was 
to melt snow and ice from roads, streets, 
bridges, and pavements. Calcium chloride is 
more effective at lower temperatures than 
rock salt and is mainly used in the northern 
and eastern States. Because of its considera- 
bly higher price, it is used in conjunction 
with rock salt for maximum effectiveness 


Physical scientist, Division of Nonmetallic Minerals. 
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and economy. It was also used to stabilize 
the surface of roads and driveways for dust 
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reduction and as a set-accelerator for 
concrete. 


PRICES AND SPECIFICATIONS 


The price of calcium metal crowns was 
maintained at $1.33 per pound through all 
of 1976; the last increase was March 21, 
1975. The price of calcium-silicon alloy 
decreased from 57 cents per pound to 51 
cents on January 21, 1976, and maintained 
that level throughout the remainder of the 
year. Published prices and specifications at 
yearend were as follows: 


Value 
per 
pound 
um metal, 1-ton lots, 50-pound full crowns, 
10 by 18 inches, Ca + Mg 99.5%, Mg 0.7% 81.33 
μας ον oy, 3296 calcium, carload lots, 


Source: Metals Week. V. 48, No. 1, Jan. 3, 1976, p. 4. 


Calcium metal is usually sold in the form 
of crowns, broken pieces, or billets, shipped 
in 55-gallon metal containers with a max- 
imum of 300 pounds, and gasketed to pro- 
vide an airtight condition, with argon at- 
mosphere provided if desired. The U.S. Cus- 
toms-declared value for calcium metal in 
1976 ranged from $0.73 to $1.28 per pound, 
c.i.f. port of entry into the United States. 
This did not include the assessed tariff, 


which varied from 7.5% ad valorem for 
preferential status, to 25% ad valorem for 
statutory status. 

Calcium chloride is usually sold either as 
solid flake or pellet averaging about 75% 
CaCl, or as a concentrated liquid averaging 
about 40% CaCl,. The price of calcium 
chloride maintained its level throughout 
the year. Published prices and specifica- 
tions at yearend were as follows: 


Value 
per ton! 
νη αμ. , 1196 to 8096, 
ου... 3 355-865 
Gaines chloride, liquid, 40% to 45%, 
or tanktruck, work 22-2A 


Differences between high and low price are accounted 
for by differences in quantity, quality, and location. 


Source: Chemical Marketing Reporter. V. 211, No. 1, 
Jan. 3, 1977, p. 52. 


As reported by producers on an f.o.b. 
warehouse basis, with conversions of all 
products to a 75% CaCl: basis, the average 
value in 1976 for natural calcium chloride 
was $50.68 per ton; the average value for 
synthetic calcium chloride was $57.92 per 
ton. 


FOREIGN TRADE 


Exports of calcium chloride, mainly to 
Canada and Mexico, were 33,533 tons val- 
ued at $2,578,000, compared with 28,400 
tons valued at $2,314,000 in 1975. Exports of 
dicalcium phosphate were 32,302 tons val- 
ued at $6,460,000; leading destinations 
were Canada, Mexico, and Brazil. Exports of 
precipitated calcium carbonate, mainly to 
Canada and Mexico, totaled 3,411 tons val- 
ued at $735,000. 

Total imports of calcium and calcium 
compounds were 208,000 tons valued at 
$15,120,000. Imports of calcium metal from 
Canada, the U.S. S. R., and France were 231 
tons valued at $475,000. Imports of calcium 
chloride, mainly from Canada, were 16,000 
tons valued at $480,000. Imports of other 
calcium compounds, mainly from Turkey, 
Canada, Norway, the United Kingdom, and 


France totaled 191,800 tons, valued at 
$14,160,000. 

Imports of other calcium compounds 
included 63,770 tons of calcium nitrate, 
mainly from Norway; 37,230 tons of calcium 
cyanamide, mainly from Canada; 35,920 
tons of chalk whiting, mainly from France, 
Switzerland, the United Kingdom, and Bel- 
gium; 30,250 tons of calcium borate from 
Turkey; 4,500 tons of calcium carbide from 
Canada and West Germany; 4,350 tons of 
precipitated calcium carbonate, mainly 
from Japan, France, Canada, and West 
Germany; 1,470 tons of calcium cyanide 
from Canada; 1,030 tons of calcium hypo- 
chlorite from Japan and Taiwan; and 6,580 
tons of other compounds, mainly from the 
United Kingdom, Canada, and West Ger- 
many. 


CALCIUM AND CALCIUM COMPOUNDS 
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Table 1.—U.S. imports for consumption of calcium and calcium chloride, by year 


Calcium Calcium chloride 
Year ti Quantity 
ο Value (short tons) Value 
MI en ³˙·Ü—ouA.¹0tm ttt 248,080 $181,497 6,128 $225,463 
Wie τος το ee τος ος 110,407 TT 864 7.357 317,007 
Who ο s τα. 109,252 20,883 9,599 155,727 
Jia ο ο ορ το 70,198 77,684 12.021 597,758 
33) 86 461 965 475,119 16,046 259 


Table 2.—U.S. imports for consumption of 
calcium chloride in 1976, by country 


omnes akort tons) Value 
3 15,886 8461, 040 
Germany, Wet 60 6,252 
Japaae _ --.-.--.- -. 99 11,700 
Sweden (4) 831 
United Kingdom 1 936 
C 16,046 480,259 
1Less than 1/2 unit. 
WORLD REVIEW 


Canada.—Chromasco Corp. Ltd. produced 
caleium metal at its Haley smelter near 
Renfrew, Ontario. Canada continued to lead 
all other countries in the production of 
calcium metal, producing about 1 million 
pounds per year, with most of it exported to 
the United States and European countries. 
About 165 tons valued at $392,000 was 
exported to the United States, more than a 
sixfold increase compared with the 25 tons 
imported in 1975. Canada was the leading 


source of U.S. imports of calcium chloride. 

France.—Planet Wattohm S.A., a sub- 
sidiary of Compagnie de Mokta, produced 
calcium metal by the Pidgeon process. 
About 1 ton valued at $8,800 was exported 
to the United States. 

U.S.S.R.—Some calcium metal was pro- 
duced in the U.S.S.R. Sixty-five tons of 
Soviet calcium metal valued at $74,297 was 
exported to the United States. 


TECHNOLOGY 


The market potential substantially in- 
creased for the use of calcium metal in the 
Pb-Ca and Pb-Ca-Sn MF storage battery. In 
1976, battery manufacturers in the United 
States produced over 3 million units of this 
new permanent MF battery. Some technical 
difficulties such as sustained performance 
for deep-cycle operations remained to be 
solved, but these are of special application. 

Calcium chloride was considered as a 
potential phase-change heat-storage mate- 
rial by microencapsulation in polyester res- 
in, and small wall, floor, and ceiling panels 


were successfully tested.? 

Rapidly increasing worldwide demand in 
the oil and gas industry for high-density, 
solids-free completion, packer, and work- 
over fluids necessitated rapid expansion for 
the production of calcium bromide. Calcium 
bromide is a superior chemical in producing 
high-density drilling fluids, and would re- 
place the traditional barite.* 


Tee As J. rs Best, E. C. Clarke, D. N. Glew, and G. 


Heat Sink Materials Dow Chemical Co, Midland, Mich. 
March 1976, 65 pp. 


SChemical Age. V. 118, No. 2984, Sept. 24, 1976, p. 2. 
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Carbon Black 


By Herbert L. Franklin: 


By early 1976 general economic recovery 
was well underway in the United States, 
and rubber industry leaders were looking 
forward to sales levels approximating those 
in the near-record year of 1972. This meant 
a good year for carbon black manufacturers 
since rubber manufacturers accounted for 
93% of carbon black sales in 1976. Early 
optimism for high sales volumes was blunt- 
ed, however, by the longest rubber work- 
ers’ strike in history, which kept carbon 
black demand 7% below 19772 requirements. 
However, despite the 4-month strike, car- 
bon black sales rose 7.1% above the de- 
pressed level of 1975. 

Production of gas-based channel black, 
which has declined steadily for the past 10 
years, ended in September when the only 
remaining channel-black plant was closed. 
Thermal-black production, which is also 
dependent on natural gas as a feedstock, 
reversed its declining trend as output in- 
creased almost 27% over 1975 levels. 

Raw-material input patterns did not 
change significantly, although the share of 


natural gas feedstocks apparently increased 
slightly over that of 1975. The average unit 
cost of liquid hydrocarbon inputs, 25.72 
cents per gallon in 1976, decreased slightly 
from that of 1975, but the cost for natural 
gas, 87.71 cents per thousand cubic feet in 
1976, was up sharply. 

Use of carbon black as a colorant in 
foodstuffs and cosmetics was banned by the 
Food and Drug Administration (FDA) be- 
cause it was believed to contain a cancer- 
causing substance, but this action affected 
only a small portion of carbon black 
sales. However, a new type of plastic tire 
has reportedly been developed that could 
lead to a significant reduction in carbon 
black sales as a rubber-compounding agent. 

Pricing problems continued to plague the 
industry as demand levels, suppressed by 
the rubber workers' strike, remained low. 
Price increases by yearend were considered 
inadequate to offset rising costs. 


MM specialist, Division of Petroleum and Natural 


Table 1.—Salient statistics of carbon black produced from liquid hydrocarbons 
and natural gas in the United States 


(Thousand pounds) 
1972 1978 1974 1975 1976 
Production: 
Channel process 22,378 14,222 W 
process 8,178,781 8,485,719 8,390,325 2,741,882 8,004,839 
Total ð 3,201, 109 3,499,941 W W W 
Shi ts (including losses): 
Domestic JJ ͤ w 3,148,114 3,314, 646 8,147,980 2,129,112 2,911,680 
DONI RECHERCHER 71 11, 328 192,665 192,970 14,268 110,160 
Total ο οὐ ως ο δα u sus T3.259,442 8,507,311 8,340,950 2,804,040 3,022,440 
ο. stocks Dec. 31 ... .. -- -. T231,695 1230, 825 298 908 281,695 218,594 
ue: m 
Production thousand dollars... $248,361 = $872,281 $318,646 $392,601 
Average per pound eg _centa_ _ 7.76 8.12 10.98 111.44 13.07 


"Revised. W Withheld to avoid disclosing individual company confidential data. 


1Excludes channel black. 
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DOMESTIC PRODUCTION 


Production Trends.—In 1976, carbon 
black production rebounded from the reces- 
sionary levels of 1975 to 3,004 million 
pounds plus an undisclosed amount of chan- 
nel black. However, this was substantially 
lower than early forecasts, which predicted 
a return to a high level of activity similar to 
that achieved in 1972. General economic 
recovery and the resultant increase in de- 
mand for rubber products, particularly 
tires, would have supported early optimistic 
estimates. However, a 4-month strike by 
rubber workers suppressed rubber pro- 
duction and hence reduced sales of carbon 
black, which were about 7% below expected 
levels. 

Production by State.—Texas and Louisia- 


na, with the greatest concentration of car-. 


bon black production facilities and proxim- 
ity to raw materials, comprised the geo- 
graphic center of national production. 
Texas was the leading producer with 44% of 
national output, and Louisiana was second 
with 9490. The remaining U.S. production 
took place in Alabama, Arkansas, Califor- 
nia, Kansas, Ohio, Oklahoma, and West 
Virginia. mE 
Production by Grade and Type.— 
Furnace-combustion processing remained 
the dominant method of production with 


94.9% of reported output; thermal cracking 
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facilities accounted for the remainder. An 
undisclosed amount of channel black was 
also produced. Processing methods based on 
liquid hydrocarbon feedstocks accounted for 
84.2% of the reported national output. Pro- 
ducts of the liquid hydrocarbon feedstocks 
included General Purpose Furnace (GPF), 
Fast Extruding Furnace (FEF), High Abra- 
sion Furnace (HAF), Intermediate Su- 
per Abrasion Furnace (ISAF), and Super 
Abrasion Furnace (SAF). Surprisingly, ther- 
mal and Semi-Reinforcing Furnace (SRF) 
blacks, produced from natural gas feed- 
stocks, increased their combined share of 
national output from 13.3% in 1975 to 
15.8% in 1976. 

Number and Capacity of Plants.— 
Although the total number of carbon black 
plants in operation at yearend remained at 
32 (the same as in 1975), 1 plant ceased 
operating and another resumed operations 
during the year. Furnace blacks were pro- 
duced at all but one of the plants currently 
in. operation, and thermal black was pro- 
duced at three facilities. In recent years 
channel black producers have faced rapidly 
rising feedstock costs and stringent environ- 
mental pollution control requirements. The 
environmental problems associated with 
channel black production were greater than 


those involved with the production of fur- 


„„ 
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Figure 1.—U.S. production by process and geographic area. 
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nace blacks. By 1974, only Cities Service Co. 
continued producing channel black, and in 
September 1976 that firm closed its channel 
black plant at Gaines, Tex. ending channel 
black production in the United States. In 
December 1976, Continental Carbon Co. 
reopened its Phenix City, Ala. furnace black 
plant, which had been closed since late 
1978. Even though industry leaders ex- 
pected a steady long-term growth in de- 
mand for carbon black, aggregate daily 
production capacity dropped for the second 
Straight year, and no new domestic plant 
developments were reported. Capacity addi- 
tions to existing facilities were designed 
mainly to replace older inefficient equip- 


ment rather than to increase overall pro- 


ductive capability. The lack of development 
activity was attributed primarily to unsatis 
factory earnings, which failed to generate 
the capital necessary for large-scale expan- 
sion. However, it might also be noted that 
only 8296 of existing capacity (based on 350 
days of operation) was utilized. 

Materials Used and Yields.—Carbon 
black production consumed greater 
amounts of both liquid hydrocarbons and 
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natural gas during 1976 as the industry 
rebounded from the low output levels of 
1975. Liquid hydrocarbons continued their 
dominance as a feedstock with 561.3 million 
gallons used to produce 2,859 million 
pounds of carbon black, or 95.296 of total 
production. Yields from liquid hydrocar- 
bons increased slightly, from 5.04 pounds 
per gallon in 1975 to 5.09 pounds per gallon 
in 1976. Because natural gas data reported 
encompass both fuel and feedstock use, 
comparisons with liquid hydrocarbons can- 
not be made. However, in view of the 
increased share of natural-gas-based blacks 
produced, compared with total U.S. output, 
it can be deduced that natural gas actually 
increased its significance as a raw material 
as well as a processing fuel. The unit cost of 
liquid hydrocarbons used as feedstocks 
decreased slightly, from 26 cents per gallon 
in 1975 to 25.72 cents per gallon in 1976, 
thus interrupting the increasing trend of 
the past 5 years. Natural gas costs, however, 
continued their steep ascent with an in- 
crease of 26.2% over 1975 costs as the 
average price rose to 87.71 cents per thous- 
and cubic feet. 


CONSUMPTION AND USES 


Early in 1976 economic indicators pointed 
toward a strong recovery in demand for 
carbon black from the depressed levels of 
1975. Greater rubber demand was pre- 
dicted, primarily on the basis of an upturn 
in construction activity, extensive bicenten- 
nial travel and thus greater tire use, re- 
quired replacement of tires on the record 
number of new cars sold in 1973, trends 
indicating increased sale of new cars, and 
consumer preference for large cars requir- 
ing large tires. Thus it appeared that 
rubber production, which has traditionally 
accounted for more than 9096 of carbon 
black use, would boost carbon black sales 
back to the levels of 1972. 

During the first 4 months, shipments 
exceeded 1972 levels, and early optimistic 
forecasts appeared valid. However, a 4- 
month strike by rubber workers caused 
shipments during May through August to 
plummet 28% below those of the same 
period in 1972. Accelerated poststrike activ- 
ity by the rubber industry stimulated de- 
mand for carbon black, thus causing sales to 
rise 6% above 1972 levels for the final 4 
months of the year. However, this final 
acceleration in demand was not enough to 


overcome the impact of the strike, and sales 
totals for the year ended 7% below the 1972 
level. | 

Traditional domestic use patterns chang- 
ed very little during 1976. Rubber manu- 
facturers consumed 9396 of available carbon 
black with 60% used for tire production and 
33% for other rubber products, particularly 
hoses and belts for vehicles, machinery, and 
construction equipment. Printing inks used 
2.7% of the available product, and other 
non-rubber industries including paint, pa- 
per, chemical, food processing, metallurgy, 
and plastics used the remaining 4.3%. 

Carbon black use in cosmetics and food 
manufacture was banned by the FDA be- 
cause there was no reliable test to assure 
that the colorant is free of a cancer-causing 
byproduct. The byproduct, produced during 
manufacture of carbon black, adheres tight- 
ly to the surface of the carbon, and extreme 
heat and special solvents are required for 
its removal. | 

If a new type of tire, developed by Polvair, 
an Austrian plastic machinery maker, can 
be produced economically and proves to be 
technically feasible, it will have a major 
impact on rubber manufacturers and hence 
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on the carbon black industry. The tire is 
known as a liquid injection molding (LIM) 
tire and is made of a polyurethane plastic. 
It has been reported that the tire can get up 
to 60,000 miles of tread life, is lighter than 
steel-belted radials, and can run up to 50 
miles at 50 miles per hour after being 
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punctured. However, raw material costs are 
expected to be higher than for the conven- 
tional rubber tire. An LIM tire production 
plant is scheduled to begin operating in 
Berlin, Germany, during 1977, and a second 
plant, also in Germany, may startup in 
1978. 


STOCKS 


As of December 31, 1976 producers' stocks 
were at their lowest level since 1969. A 
significant drawdown occurred during the 
first quarter as rubber producers acceler- 
ated production in anticipation of a strike. 
During the subsequent 5 months producer 
Stocks were increased 65.9 million pounds. 
Immediately following the strike in Septem- 
ber, however, heavy demand by rubber 
manufacturers resulted in a drawdown of 
77.6 million pounds. Demand remained 
Strong for the rest of the year, and ending 
ae were 8% lower than at the close of 
1975. 

Drawdowns occurred in all grades of car- 


bon black except SRF and FEF. The great- 
est depletion took place in thermal blacks 
for the second straight year, and supplies at 
yearend were 35.2% less than that of 1975; 
this drawdown occurred despite a 26.6% 
increase in thermal black output during the 
year. Substantial increases in production of 
SRF and FEF blacks led to increased sup- 
plies of both grades at yearend; FEF blacks 
increased most significantly, rising nearly 
55% above the 1975 yearend level. Stocks of 
the most heavily used blacks, HAF and 
GPF, decreased 15.7% and 19.1%, re- 


spectively. 


PRICES 


Increasing feedstock and operating costs 
since early 1974 and slack demand in late 
1974 and throughout 1975 created a cost- 
price dilemma for carbon black producers 
that extended into 1976. 

The cost of raw materials has contributed 
most heavily to overall production . costs 
because heavy aromatic residual oils, the 
principal carbon black feedstock, have an- 
other use as fuel. As their value in the fuel 
market increases, carbon black manufac- 
turers are forced to pay high fuel- 
competitive prices to obtain the feedstocks. 

The carbon black industry was optimistic 
in early 1976 that an emerging healthy 
demand for its products would permit sig- 


nificant price expansion to offset the con- 
stantly increasing production costs. How- 
ever, early optimism for a return to the 
sales level of 1972 was blunted by the 
prolonged strike by rubber workers. Conse- 
quently, the average price of a pound of 
carbon black increased only about 17% 
above that of 1975 to 13.07 cents per pound. 

According to Chemical Marketing Re- 
porter, average yearend prices ranged from 
10.13 cents per pound for GPF and SRF 
grades to 14.88 cents per pound for SAF. 
The average yearend price difference 
between bulk and bag quantities was 0.75 
cent per pound. 


FOREIGN TRADE 


Bureau of the Census data show an in- 
crease in carbon black exports to about 
110.8 million pounds during 1976, nearly 
26% above the level of foreign sales during 
1975. Nearly 42% of U.S. exports went to 
Europe, where France, West Germany, and 
the United Kingdom continued to be the 
principal recipients. However, shipments to 
the United Kingdom dropped markedly, 


while purchases by Belgium-Luxembourg 
and the Netherlands rebounded strongly 
from their depressed levels of 1975. North 
American customers increased their share 
of purchases from about 25% in 1975 to 
nearly 28% during 1976, primarily as. a 
result of Mexican purchases, which nearly 
doubled. The volume of. Asian purchases 
increased slightly, but Asia’s share of total 
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purchases from the United States declined 
from 21% in 1975 to about 17% during 1976. 
As in 1975 sales to African nations account- 
ed for nearly 9% of U.S. exports, but the 
South American share of U.S. exports 
dropped from about 596 in 1975 to approx- 
imately 496 in 19'76. 

Imports of carbon black increased nearly 
32% during 1976, totaling approximately 
44.2 million pounds. Canada supplied 90% 
of U.S. foreign purchases, and Indonesia 
and West Germany were the next two 
largest suppliers, accounting for 5.3% and 
3.2%, respectively. Nearly 45,000 pounds of 
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bone black was also imported, coming most- 
ly from West Germany and France. There 
were no imports of lamp black reported in 
1976. 

The average price received from foreign 
sales of carbon black increased from 16.3 
and 17.6 cents per pound in 1974 and 1975, 
respectively, to 24.6 cents per pound in 
1976. In the same time period, U.S. con- 


sumers of foreign-produced carbon black 


paid average prices of 14.6 and 13.0 cents 
per pound in 1974 and 1975, respectively, 
and 15.9 cents per pound in 1976. 


WORLD REVIEW 


During 1976, estimated world production 
increased 11% over the 1975 level and 
approached the record high of 1973. The 
most significant producing areas were 
North America with nearly 43% of the 
estimated total output, followed by Western 
Europe and the Far East with about 29% 
and 14%, respectively. North American and 
West European producers rebounded from 
the recession of 1975 with overall average 
increases in productivity of about 1296. 
Production in the Far East increased even 
more sharply, rising approximately 13%. 
Although Latin America is not yet one of 
the leading production areas, it had the 
largest growth rate during 1976 with an 
increase in output of nearly 14%. Pro- 
duction in Eastern Europe increased slight- 
ly at a rate of about 3%. 

Latin America and the Far East remain- 
ed most active in construction of new plant 
capacity and expansion of existing capacity. 
In Latin America a new plant at Capuava, 
Brazil began production in November 1976; 
capacity of this facility has not been 
disclosed. Facilities under construction in 


Brazil during 1976 included a 33-million- 
pound-per-year expansion of the Cia. Carbo- 
nos Coloidas plant at Candeias and an 11.5- 
million-pound-per-year addition to the Cia. 
Petroquimica Brasileira plant at Sao Paulo. 
Other construction activity in Latin Ameri- 
ca included a new 40-million-pound-per- 
year plant at Tampico, Mexico, for Hules 
Mexicanos S. A., a 7.3-million-pound-per- 
year expansion to the Petroleos del Peru 
plant at Talara, Peru, and new plants for 
United Carbon de Venezuela of 35 million 
pounds per year at Bachaquero, Venezuela, 
and 21 million pounds per year at Valencia, 
Venezuela. In the Far East, a plant of 
undisclosed capacity was being constructed 
for Union Carbon Black at Assam, India, a 
28-million-pound-per-year plant was under 
construction for Malaysian Carbon Senider- 
ian Berhad at Port Dickson, Seremban, 
Malaysia; and a 10-million-pound-per-year 
plant was being erected for National Refin- 
ery, Ltd. at Karachi, Pakistan. In the 
Near East, a 15-million-pound-per-year 
plant was being constructed for Petkim 
Petrokimya, A.S., at Yarimca, Turkey. 


TECHNOLOGY 


A process for chemically decomposing 
scrap tires by pyrolysis was being tested by 
The Oil Shale Corp. (TOSCO) at its test 
facility near Rocky Flats, Colo. It is believed 
that an average of nearly 6 pounds of 
carbon black can be recovered from each 
tire by the TOSCO process. 

The only other significant development 
reported during 1976 was the introduction 
of a new product known as Opal Black. This 


product, developed by Micro Chemical In- 
dustries, Inc., is cited as a substitute for 
thermal black in certain rubber- com- 
pounding applications. Opal Black is a 
fine- particle, high-surface-area, amorphous 
silica with carbon dispersed within the sili- 
ca matrix. It is produced by burning rice 
hulls under special controls and grinding 
the ash residue into extremely fine parti- 
cles. 
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Table 2.—Carbon black produced from liquid hydrocarbons and natural gas 


in the United States, by State 
(Thousand pounds) 

1972 1973 1974 1975 1976 from 1975 

. (percent) 
Louisiana 1,017,971 1,207,708 1,192,795 887,719 1,032,510 4-16.3 
Texas 1,425,874 1,511,127 1,434,797 1,228,195 1,330,004 4-8.3 
Other States 697,258 781,106 762,733 625,918 641,825 +2.5 
ell 3,201,109 3,499,941 3,390,325 2,741,832 3,004,339 9.6 


Table 3.— Production, shipments and stocks of carbon black in the United States 
in 1976, by grade 


(Thousand pounds) 


SRF GPF FEF HAF sar ISAF Therm τρία 


Production... 4 820,937 597,852 359,158 1,815,797 24.850 231876 154,369 3,004,339 
Shipments .....------------- 318,387 604.111 349,292 1,330,723 25,999 232,349 161579 3,022,440 
Stocks at Dec. 31, 1978 24,121 28,690 27,841 19,859 6,714 32,486 13,277 218,594 


!Excludes channel black to avoid disclosing of individual company confidential data. 


Table 4. —Number and capacity of furnace black plants operated in the United States 


Total daily capacity 
State County or parish umber or planta (pounds) 
1975 1976 1975 1976 

Arans as 1 1 
Ord). nues a 1 1 
Harris. —— _ _ 1 1 
Howard d 2 2 

N . l 1 49574 — 4848201 
POLITE 8 1 1 
. l l 

J 

Wheeler! 1 1 

// ³o· .-» AAA 12 12 4,925,774 4,843,201 


Avoyell es 1 1 
Calcasieu )J ne E T Ee 1 1 

Louisiana E ; 2 J 8,785,467 3,117,692 
. 3 3 
West Baton Ruge 1 1 

Total Louisiana ________________________ 9 9 3,135,467 3,117,692 
ολο Ne u a 2: Russel!!! TN ] 
Arkansas ___ _ _ _ _ _ _ — Union 1 1 
California ____________ Kern 3 3 
Kansas Grant 1 1 

Ohio. _ U‚»ůy 1 1 | 2.499,143 2,512,802 
C Washington 1 1 
Oklahoma ____________ Kay ο 222 a ene | : 
West Virginia _________- f Pleasants == 2222222222 i i 

Total other States 10 11 2,499,143 2,512,802 

Total United States 31 32 11,160,384 10,478,695 
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Table 5.— Fuel and feedstocks used in carbon black production, by State 


m Other 
Louisiana Texas States! Total 
1975 

Carbon black production: 

Total EE thousand pounds 887,719 1,228,195 625,918 2,741,882 

Value ___ ᷣ 2 ee thousand dollars $105,394 $136,146 $72,106 $313,646 

Average valle cents per pound 11.87 11.08 11.52 11.44 
Natural gas used: l 

του ————— Eel million cubic feet 13,984 1,669 4,598 26,246 

οι μπακ nce ec: thousand dollars $9,733 $4,702 $3,808 $18,238 
161 Mm cents per thousand cubic feet. 69.60 61.31 82.79 69.49 

/ ‚ eee thousand gallons. _ 156,326 237,887 123,185 517,398 

τας nno eS thousand dollars $42,184 $58,767 $33,577 $134,528 

Average value cents per gallon_ 26.98 24.70 27.25 26.00 

Carbon black produced ας thousand pounda. _ 781,813 1,209,114 614,639 2,605,566 
Carbon black production: 

P/ · ꝛm-ꝶmäĩĩ thousand pounds. _ 1,032,510 1,330,004 641,825 8,004,839 

νο ο τς ζω ERR thousand dollars $141,957 $163,839 $86,805 $392,601 

Average value cents per pound. _ 13.75 12.32 19.62 18.07 
Natural gas used: 

Total ο οκ άμα ο ελ ρε. million cubic feet 14,399 8,866 4,168 28,033 

NOlUG 88 thousand dollars_ _ $12, 433 $6,529 $5,625 $24,581 

A value cents per thousand cubic feet 86.34 13.64 117.97 87.71 
sigue ns used: 

„ thousand alo ES 182,871 254,201 124,248 561,820 
Vale 2 2c 88 thousand dollars_ _ $47,063 $63,652 $33,681 $144,396 
Average value cents per gallon. _ 25.74 25.04 27.11 25.72 
Carbon black produced thousand pounds. _ 936,293 1,293,121 629,881 2,858,795 


"Revised 
! Alabama, Arkansas, California, Kansas, Ohio, Oklahoma, and West Virginia. 


Table 6.—Liquid hydrocarbons and natural gas used in manufacturing carbon black 
in the United States and average yield 


1972 1973 1974 1975 1976 


Natural gas used __ „ million cubic feet 53,939 49,682 40,130 26,246 28,033 
Average value of natural gas used per thousand 

Cubic feet ou ue Reese AES cents 19.54 24.19 40.87 69.49 87.71 

i hydra bons used thousand gallons... 590,753 623,236 578,811 517,398 561,320 

Average yield of carbon black per gallon ___ _ _ _ . .. pounds 4.96 5.22 5.54 5.04 5.09 

Average inue of liquid hydrocarbons used 
2 sd med c LA mem ca i eel cents_ _ 8.13 9.03 23.87 26.00 25.72 
N of producere rëporting . ώς S SS ees 8 8 8 8 8 


Number of planetsjeqd/z. „ 34 34 34 32 32 
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--— Total sales 


—— Rubber sales 
Other sales 


Figure 2.—Sales for domestic consumption. 


Table 7.— Sales of carbon black for domestic consumption in the United States, by use 


(Thousand pounds) 

Use 1972 1973 1974 1975 1976 from 1975 

(percent) 
FTT usos 82,532 84,364 83,009 12,326 . 79,758 4- 10.3 
PRISE LL oo an SS SSS 21,408 21,667 18,936 18,437 19,310 +4.7 
πο Cod ona = sasi 4,225 4,212 3,604 4,241 3,321 -21.7 
PPTP 2,953,119 3,114,565 2,925,032 2,553,118 2,119,968 4- 6.5 
Miscellaneous! — |. | 84,764 88,786 115,939 80,675 102,235 + 26.7 
poo | ia as a SERE 3,146,708 3,313,594 3,146,520 2,729,457 2,924,592 +7.1 


‘Includes chemical, food, metallurgical, and plastics 


Table 8.—Carbon black average domestic 


yearend prices, by grade 
(Cents per pound) 
1975 1976 

C ο. 12.50 12.50 
Fast  Extruding Furnace 

— ë 11.00 10.88 
General Purpose Furnace 

(| ee ere ra eee 10.25 10.13 


IC λα 12.00 12.00 
Intermediate Super Abra- 
sion Furnace (ISAF) 13.25 13.13 
Super Abrasion Furnace 


ο ee ee 15.00 14.88 
Semi-Reinforcing Furnace 

CT ad OE TM: 10.25 10.13 

απο πω μμ» 12.00 12.00 


Lf — 
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Table 9.—U.S. exports of carbon black, by country 


Coun 
id Quantity Value Quantity Value Quantity Value 
North America: 
Mn ο πρι 15,170 2,259 18,956 1,878 16,458 2,878 
Costa Ria 4 837 10 
ican Republic __________ Ls zo. 46 8 54 4 
Salvador _______________ 41 6 471 10 165 81 
Guatemala 1,388 159 5 806 67 
Honduras s 100 20 S PAA 26 5 
Jamaica _._______________ 1,170 141 9 8 13 8 
Mexico σος 6,501 446 6,718 971 13,17 1,789 
“Other ας ο εντ ος 72 13 119 112 7 5 
Total. 24,403 3,052 21,564 2,955 30,587 4,852 
South America: 
Argentina 1.077 198 379 1 133 
Brazil ο a 5 17,417 2,182 2,028 418 2715 128 
Gille 340 81 594 1 140 28 
Colombia 959 119 188 60 271 77 
JJC eee 24 4 61 22 90 11 
Peru. `- 263 61 260 56 316 75 
Uruguay -.-------------—- 66 8 40 64 13 
Venezuela 651 101 884 187 671 116 
SEE et πλ DEUM S 83 5 20 6 17 5 
Toti s ool Ln 20,830 2,159 4,454 981 4,518 1,241 
Europe: 
Belgiun 1 Luxembourg ........- 5,014 134 185 155 3,608 961 
um-LuxembpDourg ..------------- 3 A 
Denmark ; 253 56 33 184 
Finland 117 32 66 20 12 
France = MR s 18444 8,138 862 E 1877 3.862 
Ger many 9 est — æ — — c — wm — -— — — — — ^ » 
Hungary 81 22 8 18 
C AA A 5,892 1, 2,234 530 8,902 1,266 
N lands 10,174 2,49€ 873 249 2,948. 879 
N er 265 81 113 16 180 68 
Poland __________________ 7 7 28 14 81 52 
Portugaẽl ũãk 112 38 212 45 183 126 
Romanian 410 168 44 117 41 106 
I cci ο ολο δες δω 5,188 1,029 2,081 357 2,849 
κό κο hang eit eating einen = 99 1,046 207 1, 257 
σώος Saa a ma 2 Sta 1,897 198 53 27 
United Kingdom ........... ... 10,746 2,289 12,696 1.356 7,415 2.467 
CFF 4 31 1 3 14 
ο μμ ου 8 41 73 30 44 180 112 
OCR — ——— € 80,011 14918 35,192 5,557 46,886 13,167 
Africa: 
Ee B8 5 1 4 καὶ 
1405 322 K ES de = 23 13 11 8 
7 AA ΚΙ -- 108 21 PARS ane 
MINER UR . 349 2,750 472 2,688 598 
Kenya ___ ũũumũ U. 1.524 236 1,071 221 1,824 246 
Morocco __ _ _ 8 | 32 6 M E 
Ieri nc ey ` NE 18 8 88 
South Africa, Republic ß 8,945 1,049 2,796 456 3,110 594 
T OON ο UR ος ος 1,332 6 166 1,689 249 
Zambdi ann 551 84 TS i S T 
Other __ ucc ee ene 35 5 "M 14 31 5 
Total μασ ως. 15,128 2,031 1,132 1,372 9,702 1,767 


See footnote at end of table. 
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Table 9.—U.S. exports of carbon black, by country — Continued 


1974 1975 1976 
Country —— n. — — — MÀ 
Quantity Value Quantity Value Quantity Value 
Asia: 
FFC 253 δῦ 252 50 διὸ 85 
D 572 135 272 74 325 114 
Indonesia________________-_ 1,242 176 170 33 166 
Πας ο ο ñ ⁵ ¼ a ee ερ uw 73 16 7 25 9 
////ôõöÜà—³]¹“è A A EE 477 61 375 67 276 
Japan `- ----------------- 23,452 4,577 4,121 1,962 7,085 3,526 
Korea, Republic off 2,11 256 180 465 191 
Lebanon ......- .--- ------ - - 152 21 τε ss the 1 1 
Malaysia _____________---- 4,872 720 2,920 503 2,456 344 
Pakistans 2,365 344 2,234 346 1,307 244 
. m ἃ 3 5 o X κα 
coy port το ο. p 36 57 I ἐκ 
Taiwan uu cns ott 6,699 851 5,165 915 5,310 979 
Il... ĩðVĩß ee 3,713 473 112 
Turkey .....--------------- 186 ne TEN ἘΚ 
Vietnam ..........-..-...--.. - 3,809 517 451 64 -- e 
Other — 8 18 8 5 = EM 
MÜ eS 56,727 9,364 18,334 4,439 18,694 5,901 
Oceania: 
Australia 9,483 612 852 107 751 222 
New Zealand 1.155 151 319 63 152 71 
Total. % K hoe 4, 638 823 671 170 903 2303 
Grand total 201,731 32.947 87,9417 15,474 110,760 27,231 
"Revised. 
Table 10.—U.S. exports of carbon black in 1976, by month 
(Thousand pounds and thousand dollars) 
ER Channel Furnace Total 
Quantity Value Quantity Value Quantity Value 
January nce _ Se ee 439 242 1,941 1,511 8 1,753 
Februar 297 261 10, 2,167 11,166 2,428 
Maren 628 9,393 1,888 10,021 2,393 
April jn 8 301 222 6,789 1,560 ,090 1,782 
Nano ect τι ct E 508 513 7,157 1,711 8,265 
June ___ 375 9,445 1,977 9,820 
7) 292 278 9,357 2,038 9, 316 
ugust ............- ---------.... 406 9,789 2,125 10,195 2,417 
September 139 88 9051 2,062 1 
7 ͤ 8 385 349 9.612 i 2,595 
November 706 166 6,793 1,750 7,499 2,516 
κι CIERRE 223 144 9.285 2.128 9,508 


ι και nee rr us 4,699 4,068 106,061 23,163 110,760 21,231 
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Table 11.—Carbon black: World production, by country 


(Million pounds) 
Country! | 1974 1916 1976” 
Argonne: ou ας ul uyu LR EE LL CE iind Ax 66 66 66 
A /%/%/%/%o»»»⁵˖/ß E 156 140 170 
Belgium" c L πω μμ x umum E 4 4 4 
Breul" s a y kt v LE E 198 200 226 
Canada" μα κο ωστε πώ απο μα πμ... 249 230 296 
Colombia" Lu Rn LER y 56 . 48 58 
Cuschoslovakia® SS S ³Ü¹ ³¹A AA mm ees 66 66 66 
sedile Weal pr lc c cu ο LC M 661 875 d 
jeu. x8 10 10 10 
6 y eet E EE P de uS 149 116 190 
που — ο πώ oe ³ o μον c LIA t 6 6 7 
i-e o ou oi 58 334 901 342 
c συ E 890 815 901 
Korea, Republic of ...........-----------------------.---------------- r36 68 7 
ΜΜΑ enc icu le ο ο ͤ y ⁰ e 75 80 90 
Jùꝙ t yd Qa 1222 175 198 
Poru- c ² mQꝛꝛ LUC DOLI 8 u *10 *20 
ERT 3 VVV TTT 178 : E 
th Africa, Republic of? .............-.....------------------------. 
ο μπι E md CDI E 116 90 111 
νο μπακ να πι οκ πμ μμ οσα. 62 86 
E os 2 ἃ 2 
United State2 44444444444 8,390 2,742 8,004 
ο σσ n cci ß Me ee asus 46 81 42 
Wugoslevie u. L oe esr a a eei cec 41 42 *42 
Total Soe ec eae ει κ EVI LL EE "7,808 6,987 7,126 
15 addition to the listed, the People Republic of China, Norway, Poland, Turkey, and the U.S.S.R. produce 
to the countries 8 
carbon black, but production statistics are not reported and available information is inadequate for the formulation of 
estimates of output levels. 
sLess than 1/2 unit. 


Includes vegetable black, but excludes acetylene and bone black. 
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By Norman E. Wingard! 


Portland cement shipments from plants 
in the United States and Puerto Rico, in- 
cluding cement imported and distributed by 
domestic producers, totaled 71,922,000 tons 
in 1976. This amount was 6.1% higher than 
was shipped in 1975 but was 9.5% less than 
in 1974. In 1978, record high cement ship- 
ments of 86.6 million tons were recorded, 
17% higher than in 1976. The 1976 figure 
represents a reversal in the 2-year down- 
turn experienced during 1974-75. 

Mill value for portland cement increased 
to $2.4 billion, 16% higher than that of 
1975. This reflects an increase in the unit 
value of $2.77 per ton, or 9%. 

The demand for cement during the year 
increased as the construction industry gain- 
ed momentum after the recession, particu- 
larly in the first half of the year. During the 
first 6 months of 1976, construction was 
ahead of 1975. This was followed by 4 
months of level activity, and the year ended 
with more gains in the final 2 months. 
Residential construction was almost solely 
responsible for the improvement. The num- 
ber of housing starts increased from 1.15 
million in 1975 to 1.55 million in 1976. In 
all, the construction industry developed 
about 75% of the volume reached in the 
early 1970's, representing a growth of about 
8% compared with 1975 levels. The recov- 
ery of the construction industry, in fact, 
proceded at a slower pace than had been 
expected, with the typically largest uses of 
cement, such as highway and industrial 
building, down from 1975. 

Maintenance, repair, fuel, and operating 
costs were up significantly, especially at 
older plants. Higher prices, however, gener- 
ally allowed companies to experience better 
mill-net profits despite increased pro- 
duction costs. 


Little new capacity came onstream in 
1976 or was scheduled in the near future; as 
a result, supply-demand approached a close 
balance in many market areas. With stable 
capacity, more plants were producing at 
near-capacity limits in 1976. Undercapacity 
within the next few years is a possibility. 

Although little new capacity was devel- 
oped during the year, a number of plant 
modernization and renovation projects were 
underway. Primarily aimed at increasing 
energy efficiency, virtually all major pro- 
jects involved conversion to dry process 
with preheaters and the ability to use coal 
as a principal fuel. 

Citadel Cement Corp. received an award 
from the. city of Birmingham, Ala., for 
environmental improvements as a result of 
the installation of electrostatic precipitators 
in 1976. Southwestern Portland Cement Co. 
of Amarillo, Tex., received the 1976 Citation 
to Industry award from the Texas Panhan- 
dle Audubon Society for its effective 
reclamation of strip-mined lands. More 
than 70 acres of land was restored to pro- 
ductive grassland. 

The Portland Cement Association (PCA) 
presented safety trophy awards to 34 plants 
that had injury-free operations in 1976. 
Medusa Cement Co. of Manitowoc, Wis., 
received its 29th reaward for 30 years with- 
out a disabling injury. Martin Marietta 
Corp.’s plants in Atlanta, Ga., and Lyons, 
Colo., received new trophy awards for an 
accident-free year. Thousand-day achieve- 
ment awards were presented to three com- 
panies by the PCA: Louisville Cement Co. at 
Logansport, Ind., received its award for 
4,000 consecutive accident-free days; and 


1Physical scientist, Division of Nonmetallic Minerals. 
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Ideal Basic Industries, Inc.'s plants at Fort 
Collins, Colo., and Trident, Mont., each 
received a 1,000-day citation. 

The Atlantic Cement Co., a subsidiary of 
Newmont Mining Corp. was awarded the 
Environmental Protection Agency's "Flag 
of Achievement" for meeting all pollution 
control regulations.? Atlantic was the first 
portland cement company to receive this 
award, and represented the only industry 
selected in 1976. 

Again in 1976, energy continued to be a 
major concern in the cement industry. Ma- 
jor items of planned or actual capital ex- 
penditure were the conversion to coal as a 
primary or backup fuel in plant operations, 
and conversion from wet- to dry-process 
operation with the addition of preheaters. 
Several companies were involved in the 
development of their own coal reserves and 
mining facilities. 

Some of the tables show statistical data 
arranged by State or by groups of States 
which form cement districts. À cement 
district may represent a group of States, a 
portion of a State, or in some cases, will 
correspond to a State. The States of Califor- 
nia, New York, and Pennsylvania have 
been divided to provide additional market- 
ing information. Divisions for these States 
are as follows: 

California, Northern.—Points north and 
west of the northern borders of San Luis 
Obispo and Kern Counties and the western 
borders of Inyo and Mono Counties. 

California, Southern.—All other counties 
in California. | 

New York, Western.—All counties west of 
a dividing line following the eastern bound- 
aries of St. Lawrence, Lewis, Oneida, Mad- 
ison, Chenango, and Broome Counties. 

New York, Eastern.—All counties east of 
the above dividing line. 

New York, Metropolitan.—The five coun- 
ties of New York City (Bronx, Kings, 
New York, Queens, and Richmond) plus 
Westchester, Rockland, Suffolk, and Nassau 
Counties. 

Pennsylvania, Zastern.— All counties east 
of the eastern boundaries of Potter, Clinton, 
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Centre, Huntingdon, and Franklin Coun- 
ties. 

Pennsylvania, Western.—All other coun- 
ties in Pennsylvania. 

Legislation and Government  Pro- 
grams.—The Housing Authorization Act of 
1976 allocated $675 million per year for 
subsidized housing. Of this amount, $85 
million was for new construction or sub- 
stantial rehabilitation of existing housing. 

The President signed a 2-year extension 
of the Federal highway program for $17.6 
billion. Most of this was not expected to be 
spent in the 2 years, because the funds were 
tied to State and local matching fund re- 
quirements. It was, however, the largest 
2-year highway program ever enacted and 
would allow expenditures on interstate, pri- 
mary, secondary, and urban roads. 

A total of 6,775 Federally aided contracts 
for highway and bridge construction were 
awarded by State highway departments 
during 1976 at a cost of $5.2 billion. 

The PCA and a number of cement pro- 
ducers were named in several civil anti- 
trust suits filed by the Attorneys General of 
California, Arizona, and Colorado. The 
suits, on behalf of buyers and users of 
cement and readi-mix concrete, alleged var- 
ious violations of the Sherman Anti-Trust 
Act and were seeking treble damages in 
unspecified amounts. Violations charged in- 
clude price fixing and conspiracy to elimi- 
nate competition in the cement industry. 
Defendants, in addition to the PCA, includ- 
ed virtually every cement manufacturer 
that marketed in the States. 

The Federal Trade Commission issued an 
order barring the Martin Marietta Corp., 
Ideal Basic Industries, Inc., and the OKC 
Corp. from exchanging price information 
and from controlling "the place of use" of 
portland cement. The order also required 
that the companies offer customers the 
option of arranging their own transporta- 
tion for shipments and that they provide 
mill-price quotations. 


2Portland Cement Association. Environmental Notes. 
No. 2, May 1977. 
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Table 1.—Salient cement statistics 
(Thousand short tons and thousand dollars) 


1972 
United States:! 
Production 82,597 
Shipments from mills? „ 88, 
F 27725 6 
verage value per ton ° _____ .69 
ο Dec. 31 at mills? _______ ut 
Imports for consumpti on ------ 4135 
on, apparent 
World: Producti μμ ών: 723, 796 
"Revised. 
1Excludes Puerto Rico. 


Portland and masonry cement 


only. 
Includes imported cement shipped by domestic producers. 


*Value received, f.o.b. mill, excluding cost of containers. 
qa) shipped plus imports minus exports. 
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1973 1974 1975 1976 
518 80,917 68,189 12,950 
88,665 81,033 69,102 18,668 
$1,975,409 $2,150,659 $2,159,160 $2,510,100 
: $26.54 $31.25 $34.07 
5,512 1,461 6,980 7,154 
199 417 848 
6,647 5,702 3,687 8,074 
90,679 82,862 70,062 14,186 
113,169 "775,183 1774, 277 811.502 


to eliminate duplication of imported clinker and cement shipped by domestic cement manufacturers. 


DOMESTIC PRODUCTION 


During 1976, 1 State agency and 57 com- 
panies operated 167 plants in 40 States. An 
additional two companies operated two 
plants in Puerto Rico, manufacturing one or 
more kinds of hydraulic cement. 


PORTLAND CEMENT 


Manufacturers in the United States and 
Puerto Rico produced 68,579,000 tons of 
clinker, and imported 962,000 tons of 
foreign clinker to grind 71,227,000 tons of 
portland cement. Domestic producers ship- 
ped 71,922,000 tons of portland cement, 
which included 1,201,000 tons of imported 
cement. Stocks at mills increased by 215,000 
tons. An additional 911,000 tons of portland 
cement was imported and shipped or used 
by others not producing cement in the 
United States or Puerto Rico. 

Production Capacity.—Multiplant oper- 
ations were run by 30 companies. No single 
company, however, provided more than 
6.3% of the Nation’s total clinker pro- 
duction capacity. The five largest producers 
provided 25.5% of the total clinker pro- 
duction capacity; the 10 largest provided for 
a combined 45.3%. The 10 largest compa- 
nies, in terms of clinker production capaci- 
ty, were Ideal Basic Industries, Inc.; Gene- 
ral Portland, Inc.; Amcord, Inc.; Martin 
Marietta Cement Corp.; Marquette Cement 
Manufacturing Co.; Medusa Cement Co.; 
Lone Star Industries, Inc.; Kaiser Cement & 
Gypsum Corp.; Huron Cement Div. of 
National Gypsum Co.; and Universal Atlas 
Cement Div. of United States Steel Corp. 

At yearend, 405 kilns located at 157 
plants were being operated by 54 companies 
and 1 State agency in the United States and 
Puerto Rico. The estimated 24-hour daily 


clinker production capacity was 281,000 
tons. An average of 61 days downtime was 
reported for kiln maintenance and replac- 
ing refractory brick. Based on 304 days of 
operation, the annual clinker production 
capacity of the industry was 85.4 million 
tons. The industry operated at 80.2% of its 
apparent capacity, compared to 70% in 
1975. Average annual clinker capacity of 
each kiln in the United States was 211,000 
tons, that of each plant was 544,000 tons, 
and that of each producing company, 
1,569,000 tons. There were 163 clinker- 
producing plants, 7 of which produced white 
cement. In addition, eight plants operated 
grinding mills using only imported or 
purchased clinker, or interplant transfers of 
clinker. Of these eight, six have for some 
years operated in this manner, one was a 
closed clinker-producing plant that ground 
clinker early in the year to dispose of stocks 
on hand, and one was a clinker-producing 
plant whose kilns remained shut down for 
the year. Of the grinding plants, six pro- 
duced portland cement only and two ground 
clinker for both masonry and portland ce- 
ment. Based on the fineness necessary to 
grind Types I and II cements and making 
allowance for downtime required for 
maintenance, the cement industry in the 
United States and Puerto Rico had an 
estimated grinding capacity of 104 million 
tons of cement annually. 

In 1976, clinker was produced by wet- 
process kilns at 91 plants and by dry-process 
kilns at 59 plants; 7 additional plants oper- 
ated both wet and dry kilns. Dry-process 
kilns with preheaters were replacing many 
older wet-process facilities and were also 


262 


being extensively used in plans for new 
plant construction because of their higher 
operating efficiency and lower fuel con- 
sumption. Flash calciners were being con- 
sidered for use in conjunction with these 
systems to further reduce fuel consumption 
per ton of cement produced. By yearend, 34 
suspension and 16 grate preheaters were in 
operation in 29 plants. During the year, 
four new suspension preheaters were put 
into operation, increasing capacity more 
than 1 million tons per year. 

Capacity Changes—New Plant Installa- 
tions.—No entirely new plants were built 
in 1976. The latest plant to be com- 
pleted was Florida Mining & Materials 
Corp.’s new  564,000-ton-capacity plant, 
which began production on December 31, 
1975, and was the only new plant to be built 
that year. Kaiser Cement & Gypsum Corp. 
completed the first full year of operation of 
its new dry-process kiln at San Antonio, 
Tex. 

Citadel Cement Corp., a subsidiary of 
Lone Star Industries, Inc., installed a new 
preheater kiln, two new raw mills, and 
converted the old raw mills to finish mills at 
its Roanoke, Va., plant. Capacity was to be 
increased from 750,000 to 1.2 million tons 
per year by 1977. The new preheater kiln is 
an Allis-Chalmers ACL system, similar to 
the German LEPOL design. It is a traveling- 
grate preheater with precalcination. 

A new dry-process kiln was installed by 
Northwestern States Portland Cement Co. 
at its Mason City, Iowa, plant. The new kiln, 
rated at 1,060 tons per day, should provide 
an increase in plant capacity of 25%. In 
addition to the kiln, a new raw mill and 
finish-grinding mill, each with an output of 
100 tons per hour, were added. 

National Cement Co., Inc., a subsidiary of 
Société des Ciments-Vicat of Grenoble, 
France, completed a $10 million expansion 
project that included installation of a six- 
stage suspension preheater with flash cal- 
ciner. An existing kiln was shortened by 150 
feet, to 390 feet. Capacity was increased 
from 1,200 tons per day from the old kiln to 
2,200 tons with the new system. Continuing 
into 1977, plant expansion was to include a 
new Loesche roller mill, a vertical-spray 
chamber to condition bypass gases, and 
storage and related materials-handling fa- 
cilities. In 1978, conversion to coal as the 
primary fuel is planned. 

A single-stage, twin-cyclone preheater 
kiln was installed by Lehigh Portland Ce- 
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ment Co. at Mitchell, Ind. Rated at 250,000 
tons per year, this kiln will increase plant 
output capacity to 750,000 tons per year. 

At the Stockertown, Pa., plant of the 
Hercules Cement Co. of Amcord, Inc., a 
three-stage suspension preheater was 
installed, and the existing kiln was shorten- 
ed. Capacity was increased 15% to 700,000 
tons per year. 

At Hagerstown, Md., Marquette Cement 
Manufacturing Co. completed the installa- 
tion of a new finish-grinding department for 
masonry cement. The new mill provides 
grinding capability to use clinker directly in 
the manufacture of masonry cement, rather 
than by blending plasticizers into portland 
cement as done previously. At its Superior, 
Ohio, plant, Marquette installed a new glass 
baghouse dust collector for air pollution 
control. 

Planned Expansions and New Plants. 
Marquette announced plans to build a 
1-million-ton-per-year plant at Cape Girar- 
deau, Mo. The new facility is to replace an 
existing wet-process plant that the company 
acquired in 1923. Cost of the new plant is 
expected to be $70 million to $80 million. 
Completion was expected to be in 1980. 
Clinker production capacity will be 950,000 
tons per year, with finished cement pro- 
duction totaling 1,090,000 tons. 

Centex Corp. announced plans to con- 
struct a new single dry-process kiln with 
suspension preheater near Austin, Tex. Ca- 
pacity of the facility is to be 470,000 tons per 
year, replacing the 282,000-ton-per-year 
Corpus Christi plant. The $32 million plant 
was scheduled for completion in 1978. 

Lehigh Portland Cement Co. announced 
that it would be increasing the capacity at 
its Mason City, Iowa, plant 20%, to 750,000 
tons per year. Two-thirds of the output 
would be from new facilities, and one-third, 
from a kiln in operation since 1958. Six 
small, 65-year-old kilns capable of produc- 
ing 865,000 tons of clinker per year would 
be scrapped. A new single 500,000-ton dry- 
process kiln, with four-stage preheater and 
flash calciner, and a new raw-grinding mill 
would be added by 1978, at an esti- 
mated cost of $25 million. Cost savings from 
the renovation was expected to be $3 mil- 
lion per year.’ 

Lone Star Lafarge Co., a joint venture of 
Lone Star Industries, Inc., and Lafarge 
Fondu International, announced plans for a 
new plant in Chesapeake, Va., to produce 


Lehigh Portland Cement Co. 1976 Annual Report. P. 8. 
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high-purity calcium aluminate cement. La- 
farge, the original producer of calcium al- 
uminate cement, has been producing the 
product for more than 50 years. The intend- 
ed completion date was late 1977. The 
former grinding facility at this site was shut 
down. 

Citadel Cement Corp. was working on a 
$110 million expansion to double capacity to 
2.2 million tons per year by mid-1977. This 
capacity would place Citadel among the 10 
largest cement companies in the United 
States. Citadel was formed in 1974 as a 
50-50 joint venture between Lone Star In- 
dustries, Inc. and Canada Cement Lafarge 
Ltd. Two plants, at Demopolis, Ala., and 
Roanoke Va., and other assets were contrib- 
uted by Lone Star, while expansion capital 
was supplied by Lafarge. Plans were devel- 
oped to increase the capacity of the new 
Demopolis plant from 280,000 to 750,000 
tons per year. Α new semiportable crusher 
and conveying system will supply the plant 
with raw materials from the massive 
Selma Chalk. The chalk will be taken to a 
preblender-stacker-reclaimer at a rate of 
1,000 tons per hour. A vertical roller mill 
will grind and dry preblended material at 
176 tons per hour. Homogenized material 
will then feed into a four-stage preheater 
kiln, rated at 2,350 tons per day. Two 3,700- 
horsepower cement mills will grind the 
clinker. The Roanoke plant underwent ex- 
tensive expansion. 

Lone Star was progressing with the in- 
stallation of high-ratio dust collectors for 
two clinker coolers and an 11- by 29-foot, 
1,750-horsepower cement grinding mill at 
its Bonner Springs, Kans., plant. Plans to 
upgrade and expand the Santa Cruz, Calif., 
plant would result in replacing the older 
production units with a single, new 300,000- 
ton-per-year capacity preheater kiln, a new 
cooler, and a self-contained roller mill. Two 
new electrostatic precipitators will be added 
for environmental control. In addition to 


use in the preheater, exhaust kiln heat will 


also be used by the roller mill to dry the raw 
materials before they enter the preheater. 
This will eliminate the old raw material 
driers. The new mill is expected to require 
little more than half the energy formerly 
consumed for raw materials preparation. 
The new plant is intended to produce low- 
alkali cement for use in the San Francisco 
Bay area. Completion of the project was 
scheduled for 1979 at an estimated cost of 
$38 million. 
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Bessemer Cement Co., a subsidiary of 
Louisville Cement Co., announced plans to 
install a new 10-module Rexnord gravel bed 
filter system at its Bessemer, Pa., plant. A 
$25 million program to modernize the 
Speed, Ind., plant, including installation of 
a new 670,000-ton-per-year suspension pre- 
heater and kiln, was well underway. Pro- 
duction should be increased 16% to 18%, 
with 20% to 35% greater energy efficiency. 

Installation of the largest preheater kiln 
in the United States was being planned by 
the oldest cement manufacturer in the 
country. Coplay Cement Manufacturing Co. 
designated Kaiser Engineers of Pennsylva- 
nia, Inc., to make arrangements for a $50 
million modernization program. Included is 
a 1-million-ton-per-year preheater kiln with 
planetary cooler, to be supplied by Polysius, 
A.G., of West Germany. Additional im- 
provements include a Pfeifer/Allis-Chal- 
mers roller mill for raw feed, and a 6,350- 
horsepower F. L. Smidth & Co. finish mill. 
The new facilities will replace existing 
equipment at both the Nazareth and Coplay 
plants. Controlling interest in Coplay was 
purchased by Société des Ciments Francais, 


which provided the capital needed to carry 


out the modernization. Completion was 
scheduled for 19778. 

Ideal Basic Industries, Inc., announced 
plans to install a grate preheater kiln at its 
Boettcher, Colo., plant. The company plans 
to use kerogen-bearing raw materials to 
reduce energy costs, and increase cement 
production 135,000 tons per year. Kerogen, 
present in the limestone to be used, will 
supply 2590 of the energy needed for burn- 
ing the clinker. 

Phase 3 of a 5-year, $49 million modern- 
ization by Ideal was underway at Knoxville, 
Tenn. Four wet units were being replaced 
by a dry-process kiln and preheater. Capaci- 
ty will be 583,000 tons per year by early 
1979, an increase of 113,000 tons per year. 

At its Tijeras, New Mex. plant, Ideal was 
to bring a new dry-process preheater kiln on 
stream in 1977. This would increase the 
plant's capacity by 80,000 tons per year, to 
500,000 tons.* | 

Oregon Portland Cement Co. planned to 
construct a new plant near Durkee, in 


eastern Oregon. The plant would have a 


500,000-ton-per-year capacity, and would re- 
place a 200,000-ton-per-year plant at Lime, 


Oreg., which is 12 miles from the proposed 


“Portland Cement Association, private communication. 
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plant site. Completion was projected for 
early 1979 at a cost of approximately $37 
million. A coal-fired, dry-process, four-stage 
cyclone preheater kiln will be used. 

The South Dakota Cement Commission 
was to have a new preheater kiln opera- 
tional in 1977, which would increase pro- 
duction capacity 570,000 tons per year.* 

Plant Closings.—During the year, seven 
clinker-producing plants and one grinding 
plant were closed down and several more 
were partially shut down or scheduled to 
close. Reasons given as the cause of these 
closings varied, and included the following: 
Inefficient old plants were unable to com- 
pete with newer, more efficient operations; 
the cost of obtaining raw materials was too 
high; many of the plants could not meet 
environmental emission standards; and the 
cost of retrofitting older facilities could not 
be economically justified. 

On February 12, 1976, Puerto Rican Ce- 
ment Co., Inc., announced the closing of its 
Cataño pleut, while continuing to operate 
its main plant in Ponce. The shutdown was 
completed in July. The plant, which had 
been purchased from the Puerto Rican Gov- 
ernment in 1950, was built in 1938, and had 
a capacity of 40,000 bags per day. Prior to 
closing, it had been operating at only about 
50% capacity. Closure was brought on by 
higher costs, particularly for pollution con- 
trol, a depressed local housing market, and 
an increase in production facilities in form- 
er export markets. 

The directors of Valley Cement Indus- 
tries, Inc., on July 19, 1976, voted to perma- 
nently discontinue cement manufacture at 
its Redwood, Miss., plant and to dispose of 
the equipment and property. The kiln was 
shut down on July 31. 

United States Steel Corp. closed its Uni- 
versal Atlas Cement Div. plant at Duluth, 
Minn. in January 1976, and announced 
plans for a possible sale to Intermix Corp. of 
White Pine, Mich. On September 7, 1976, 
United States Steel announced the pending 
shutdown of its Hudson cement plant on the 
Hudson River at Greenport, N. Y. The 
property, which included two dry-process 
. kilns, rail transportation connections, and 
river docking and storage facilities was sold 
to St. Lawrence Cement Co. of Montreal, 
Canada. 

A slowdown in building construction was 
cited as the major reason for the Penn-Dixie 
Industries, Inc, shutdown of its Howes 
Cave., N. Y., plant. Howes Cave was among 
Penn-Dixie's oldest and smallest plants, 
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with a rated capacity of 324,000 tons per 
year. It had operated at less than 50% 
capacity for 2 years prior to shutting down. 

PPG Industries, Inc., closed its under- 
ground limestone mine and cement plant 
near Barberton, Ohio. The operation had 
become uneconomical because of the high 
costs of underground mining of the lime- 
stone. PPG’s other cement operations were 
sold to Filtrol Corp. in 1973. 

The Flintkote Co.’s Diamond-Kosmos Ce- 
ment Div. phased out the entire Middle 
Branch, Ohio, operation during the year. As 
with many other older plants, the capital 
investment necessary to bring the plant 
into compliance with air quality standards 
was not justified by expected returns. 

General Portland Inc. permanently shut 
down one of the kilns at its Trinity Div. 
plant in Houston, Tex. Under company 
reorganization, the Houston plant contin- 
ued limited operations through 1976 under 
the new Trinity South Div. 

Lone Star-Citadel shut down its Norfolk 
plant at Chesapeake, Va., at yearend. It had 
previously operated as a grinding plant on 
imported clinker, but was no longer needed 
with the expansion of the Roanoke plant. 

Corporate Changes.—Marquette Cement 
Manufacturing Co. became a wholly owned 
subsidiary of Gulf & Western Industries, 
Inc., in 1976. 

Kaiser Cement & Gypsum Corp. sold its 
46% equity interest in Ryukyu Cement Co., 
Ltd. of Japan to Ube Industries Ltd. of 
Japan for $6,965,000. 

National Gypsum Co. combined its Huron 
and Allentown Cement Divisions; the re- 
spective trade names, however, were retain- 
ed. The company made plans to move the 
corporate headquarters to Dallas, Tex., in 
1977. 

Société des Ciments Francais purchased 
controlling interest in Coplay Cement 
Manufacturing Co. The merger provided 
Coplay with funds necessary to carry out 
plant modernization. Coplay was the first 
cement manufacturing firm in the United 
States. It was founded in 1866 by David O. 
Saylor, who developed and patented the 
first portland cement in the United States. 

Missouri Portland Cement Co. became a 
' owned subeidiary of H. K. Porter Co., 


Universal Atlas Cement Div. of United 
States Steel Corp. sold its Hudson plant in 
Greenport, N. Y., to the St. Lawrence Ce- 


5Work cited in footnote 4. 
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ment Co. of Montreal, Canada. 

Lehigh Portland Cement Co. sold its Mi- 
ami, Fla., production facilities for $12 mil- 
lion to the Rinker Group of West Palm 
Beach, Fla., to form the Rinker Portland 
Cement Corp. 

Intermix Corp. was negotiating the pur- 
chase of United States Steel’s Universal 
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Atlas Cement Div. plant at Duluth, Minn. 
The plant had been closed since the first of 
the year, owing to lack of raw materials. 
Intermix intended to use tailings from the 
White Pine Copper Co., to be shipped in by 
rail, and limestone from Michigan's lower 
peninsula, which would be shipped in by 
lake vessels. 


Table 2.—Portland cement shipped by producers in the United States, by district! : 
(Thousand short tons and thousand dollars) 


District 
Quantity 
New York and aine CC 4016 
Pennsylvania 
7 Hir 7j MERE 1,738 
Maryland and West Virginia 1,817 
ORO- uncus Li c ες 
ichigan______________________ 4,573 
Indiana, Kentucky, Wisconsin |... 3,039 
Illinois .......................................... 1,974 
Tennessee 1.136 
Virgi North Carolina, 
th πάν noc ccc 2,382 
Georgia 22322 y G 828 
Florida ~- 1,721 
. 1968 
Minnesota, South Dakota, Nebraska 1,527 
VOWS A.. k Ee ee 2,258 
. ðͤ K 3,962 
Kansas _______________ 1,832 
Oklahoma and Arkansas ____________ 2,240 
ν.μ. ως ce 7964 
Colorado Arona, Utah, “-ττττττ-- 
1 us 
RENE a au sz ayna SZ a : 
Oregon and Nevada ου _ _ -.-.. 883 
N California 2,362 
Southern California 4,964 
Wal 2 cud uem μι 456 
Puerto Rico |. _ _ _ 1,582 
U.S. total or average? 66,796 
Foreign import 980 
Total or average 67, 776 


1975 1976 
value um Quantity Value 5 
97,102 2286.27 3,728 02,686 $2158 
118,453 29.06 4, 125,671 31.07 
49,766 28.63 1. 59,498 50 
53.866 29.65 1318 54.642 30.06 
70,268 29.72 2.130 65,656 90.82 
131.324 28.72 4931 145,81 29.48 
88,537 29.13 3.828 98,713 29.68 
42,156 31.12 1,632 594 82.80 

i 83.33 1256 43,495 94.63 
76,789 32.24 2.546 83,381 82.75 
0 91.19 930 90,085 32.95 
62,525 36.33 1.949 67,832 94.80 
62,599 91.81 2.134 70,365 32.97 
44.723 32.22 1.508 52,388 34.74 
49,235 32.24 1473 52,506 35.65 
73,786 32.68 2.438 86,107 35.92 
116,260 29.34 4353 142.976 32.85 
033 30.04 2.005 66,478 33.16 
67,517 30.14 2.551 86,695 33.98 
804 31.24 7.388 271,066 36.69 
30,273 31.40 1,086 39 188 36.08 
111,496 33.56 3,612 134279 31.18 
666 35.45 1.238 48,669 39.31 
31,666 35.86 920 667 40.94 
7.073 32.63 2.357 92.016 39.04 
155,477 31.32 5,589 1,630 36.40 
19,942 43.13 328 17.747 54.11 
60,968 98.54 1,558 150 42.46 
2,076,594 31.09 70,721 «9396552 33.89 
30,426 31.05 1.201 38848 32.34 
2,107,020 31.09 71,922 2,435,395 33.86 


"Includes data for white ement facilities (eight in 1975 and seven in 1976) as follows: Texas (three), Pennsylvania 


(two), one each in 


California VCC ts (seven in 1975 and six in 
1976), as follows: Wisconsin (two), Michigan (two), and one each in Florida, Pennsylvania (1 ini 
Ancludes Puerto Rico 


lan 
5), and Virginia. 


3Data may not add to totals shown because of independent rounding. 


Includes cement from imported clinker. 


produced 
Cement imported and distributed by domestic producers only. 
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Table 5.— Daily clinker capacity, December 31! ? 
Short tons Number Total Percent 
: capaci total 
per 24-hour period Plants Kilns? (short 8 capacity 
1975: 
Leas than 600 |... _ _ _ ~~ ee 5 8 2,891 1.0 
, . 42 83 036 18.4 
1.150 to 1,700 , «4 49 118 055 22.8 
1,700 to 2, o/ W444 83 97 
2,800 to 2. 90᷑ 000 h 15 46 81,616 18.0 
2,800 and over . sr 20 88 80,124 21.6 
Total uz tcn 164 435 290,058 100.0 
1976: 
Toes than 600 ___ e a 7 8 2,891 1.0 
600 tò 1,150 d SL a ee 87 70 82,067 11.4 
1,150 to 1,700 . 47 116 68,875 24.4 
1,700 to 2,300 __ _ ««ͤ«4««« „„ 29 81 57,117 20.8 
2,300 to 2,800 _____________ 222222222 14 84,831 12.4 
2,800 and over .................... -.----------.-- 28 86 85,755 30.5 
Totgl nrc k y 157 405 281,086 100.0 
Includes Puerto Rico. 
*Includes white-cement-producing facilities. 
Total number in operation at plants. 
Table 6.—Raw materials used in producing portland cement in the United States’ 
(Thousand short tons) 
Raw materials 1975 1976 
Limestone (includes aragonite) ~- —----------------------------- 16,414 381,342 
Cement deg (includes mar)! «44 11,852 20,159 
à ill 3 πι τον ο νο rc ETE TI d 
e PT ακομα PERPE OR PR PM rH ER 6,659 7,009 
Shall. 5 dd ρολ ας ο E EE 8,447 8,655 
Sii Other (includes staurolite, bauxite, aluminum dross, pumice, and volcanic material) 208 187 
iliceous: 
a0 ũũ eT "— oi AA ESE 1.813 1,985 
Sandstone and quartz ..................-...-.-.--------------.-----.-.-----.-.-.-. ---.---.-.-. -.-- 582 707 
Ferrous: Iron ore, pyrites, millscale, and other iron-bearing material 772 825 
Other: 
G and anhydrite __ _ ccc cL LLL 222222222222 8,527 8,658 
Blast fui I ãͥ A S 465 485 
WG ON ie ain a y y κο 180 264 
Other, net cooled cL ur uU uU E να. 2 8 
Jõ⁵˙Ü5 ια αυ CA o AA E RE ETE EE 114,944 122,624 
! Includes Puerto Rico 
*Includes marble. 


MASONRY CEMENT 


Shipments of masonry cement totaled 3.3 
million tons in 1976, an increase of 13.6% 
compared with those of 1975, but still 2096 
less than the record shipments of 1973. The 
average unit price was $42.63 per ton, a 
9.6% increase compared with that of 1975. 
Total value of masonry cement shipments 
increased to $141 million, nearly 25% above 
the value of 1975 shipments. By yearend, 
111 plants manufactured masonry cement 
in the United States. Four plants produced 


masonry cement exclusively, as follows: 
Cheney Lime & Cement Co., Allgood, Ala.; 


.G. & W. H. Corson, Inc., Plymouth Meeting, 


Pa.; Campbell-Grove Div. of The Flintkote 
Co., Frederick, Md.; and Riverton Corp., 
Riverton, Va. Martin Marietta Corp. ceased 
production of masonry cement at its North 
Birmingham, Αἷα., plant at yearend 1975. 
Masonry cement was not produced in some 
parts of the country because many of the 
masons preferred to use portland cement 
and add clay or lime to provide the neces- 


sary plasticity. 


Table 7.—Masonry cement shipped by producers in the United States, by district! 
(Thousand short tons and thousand dollars) 


1975 1976 
District Ave 
ο rage . 
Quantity Value per ton Quantity Value per ton 

New York and Maine 90 2,721 $30.23 86 2,828 $82.88 
rn Pennsylvania 1 ; 43.27 240 11,581 48.25 
Western 5 JFF 136 5,078 37.34 139 5,3 38.29 
Maryland and West Virginia 101 3, 32.68 124 4,317 84.81 
Tenet on :! 136 4,576 83.65 155 7 41.02 
Michigan 183 6,429 35.13 218 8,370 88.39 
anaana D Illinois, Kentucky, Wisconsin 44 18,638 88.51 22, 39.96 
JJ aa eee E ὃς 138 4,778 84.62 175 6,476 87.01 
Virgin, North Carolina, South Carolina 281 12,781 45.48 13,863 46.21 
Georgia and Florida _______________ _ 170 1,123 45.43 176 8,171 46.46 
Alabama _______________________ 262 10,253 89.13 314 13,671 43.54 
Louisiana and Mississippi ........ -. -..... -. -- -. -.. 1,441 83.51 2,013 87.98 
Minnesota, A th Babe Nebraska 33 385 41.97 31 1,523 49.13 
IOWN ο ο ð .. E ZZ 62 2,933 41.31 76 4,143 54.51 
JJ%.ͤ 4 2,110 82.46 76 2,118 85.76 
J)). σα ο ο. 57 2,311 0.54 12 3,281 45.57 
ο -- and Arkansas ____________ _ 108 8,912 86.22 124 5,015 40.44 
pert EH ͤðͤ b ADM 181 7,089 89.17 213 10,596 49.75 
rene Met „Montana, Ido 7 273 39.00 9 45.11 
Co Arizona, Utah, New Mexico 89 3,459 38.87 106 4,507 42.52 
τι το τα CPP 5 209 41.80 6 834 55.68 

5 and Nevadw/M⁊ 
Northern California 2 74 37.00 2 96 48.00 

Southern California 
Hawaii . te eee 18 162 58.62 11 663 60.27 
U.S. total or average 2,868 111,800 88.99 8,266 139, 564 42.18 
Foreign import?) 40 1,808 32.70 38 1.291 33.97 
Total or average 2,908 113, 108 88.90 3,304 140,855 42.63 


1Does not include quantities produced on the job by masons. 

*Data may not add to totals shown because of independent rounding. 

Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing 
individual company confidential data. 


Table 8.—Masonry cement production and stocks in the United States, by district 


(Thousand short tons) 
1975 1976 
Plants 1 Plants 1 
District active Produc 5 active Produc- ο. 
uring tion uring tion 

year Dec. 31 y Dec. 31 
New York and Maine 6 90 12 5 82 7 
Eastern Pennsylvania 10 219 21 9 246 36 
C 3 101 E 3 135 27 

est Virginia 
e μονο eus e S = 5 137 12 4 157 15 
Michigan ως —mĩ K h 5 220 79 5 214 72 
Indiana, IIlinois, Kentucky, Wisconsin 7 483 48 7 563 53 
Εν πω ¼¼ :::.... es 5 154 15 5 195 22 
Virginia, North Carolina, South Carolina 5 282 19 5 801 20 
Georgia and Florida ._.--—------------- 4 147 22 5 167 27 
%%% ĩðA a 8 7 266 31 7 312 27 
Louisiana and Mississippi __ _ _ _ 8 86 8 8 44 9 
Minnesota, South Dakota, Nebraska -...------ 4 88 12 8 22 5 
IOWE 2; Z ð Εικ σας 8 69 15 8 74 13 
MUNOUIT. 22. AAA ( a a aa 4 66 13 4 70 8 
Kanas ——————- Z . 8 5 66 5 70 18 
Oklahoma and Arkanaas 5 107 6 5 126 1 
CERE y A ET 12 189 21 12 220 19 
hi Montana, Idaoo - -.. 4 8 4 8 11 5 
Arizona, Utah, New Mexico 6 90 11 6 108 8 
JJ ͤðͤ Vd 4 6 2 4 5 1 
Oregon and Nevada.... mae TN (3) E T (3) 
Northern California˖s ........ EN E * ο p 3) 
Southern California . _ -- 1 (3) (2) 1 ἘΝ 
HaWwül ———————— nece e ee 2 13 2 2 10 2 
%%%%%/ôöÜé[¹0:1w̃! A uu mE 115 32 925 898 111 33.268 895 
Includes imported cement. 
WLess than 500 short tons. 


3Includes 2,185,000 tons produced from clinker, and 739,000 tons produced from cement (1975); 2,597,000 tons produced 
from clinker, and 671,000 tons produced from cement (1976). 
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ALUMINOUS CEMENT 


Aluminous cement, also known as cal- 
cium aluminate cement, high-alumina ce- 
ment, and “Ciment Fondu," is a nonport- 
land hydraulic cement. It was produced at 
the following three plants in the United 
States: United States Steel Corp., Universal 
Atlas Cement Div., Buffington, Ind.; Lone 
Star Lafarge Co. at Chesapeake, Va.; and 
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Aluminum Co. of America at Bauxite, Ark. 

As discussed previously, Lone Star La- 
farge announced plans to build a new cal- 
cium aluminate cement manufacturing 
plant at its Chesapeake, Va., site. Primary 
use of the product will be in refractory 
castables and in metallurgical and petro- 
leum manufacturing operations. 


ENERGY 


The cement industry has the highest ratio 
of energy costs to total material costs found 
in any manufacturing process. The avail- 
ability of economical and continuing sup- 
plies of energy has become one of the 
cement industry's principal concerns. Ris- 
ing prices and interruptible supplies of fuels 
necessitated efforts to increase energy effi- 
ciency and convert to available lower cost 
sources. New technology, which incorpo- 
rates energy-saving preheater systems, is 
being used in both new plant installations 
and modernization projects. The preheater 
Systems are being installed in increasing 
numbers with precalcining stages that, in 
addition to heating the raw materials with 
kiln exhaust gases, actually start the calcin- 
ing reaction by applying heat to the feed 
before it enters the kiln. In this way, kiln 
length can be reduced, with less heat dissi- 
pated into the atmosphere. 

Conversions to alternate sources of ener- 
gy from scarce and expensive natural gas 
generally involved coal or petroleum coke, 


depending upon availability. Cement plants . 
that converted from gas to coal during 1976. 


included the following: Martin Marietta 


Cement Corp. Western Div., Tulsa, Okla.; 


Ideal Basic Industries, Inc. Cement Div., 
Ada, Okla.; OKC Corp., Oklahoma Cement 
Co. Div. at Pryor, Okla.; Kaiser Cement & 
Gypsum Corp., San Antonio, Tex.; and Cen- 
tex Corp, Nevada Cement Co., Fernley, 
Nev. In other changes, San Antonio Port- 
land Cement Co. converted two kilns to 
petroleum coke at its Cementville, Tex., 
plant. The Louisiana Cement Co. plant of 
OKC Corp. at New Orleans, La., and the 
Santa Cruz plant of Lone Star Industries, 
Inc., at Davenport, Calif., converted from 
natural gas to fuel oil as their principal 
fuel. In another fuel-related change, Florida 
Mining & Materials Corp. installed a new 
coal mill at its Tampa, Fla., plant. Several 
additional companies were considering 


changeovers to either coal or petroleum 
coke. 

By 1976, a number of cement-producing 
companies possessed their own coal proper- 
ties, including Marquette Cement Manu- 
facturing Co., which acquired coal proper- 
ties in 1974; Medusa Corp., which began 
strip-mining coal in 1975; National Cement 
Co. Inc.; Texas Industries, Inc.; United 
Cement Co.; California Portland Cement 
Co.; Ideal Basic Industries, Inc., through its 
subsidiary, Union Pacific Corp.; and Am- 
cord, Inc. Since 1975, Amcord, through its 
coal operations known as Amcoal with hold- 
ings in New Mexico, had been seeking to 
obtain coal mining operations in Pennsylva- 
nia and also looking for deposits in Utah 
and California.* 

In 1976, total energy from fossil fuels 
consumed by the cement industry in clinker 
manufacture was about 410 trillion Btu, 
equivalent to 0.6% of the total energy used 
in the United States. Of this amount, 215 
trillion Btu was derived from coal; 136 
trillion Btu, from natural gas; 50 trillion 


Btu, from fuel oil; and 9 trillion Btu, from 


petroleum coke. Total consumption of coal 
by the industry was 23% more than it had 
been in 1975, reflecting the trend to coal as 
the primary kiln fuel. Consumption by the 
cement industry of natural gas decreased 27 
billion cubic feet, a 17% reduction in usage 
compared with that of 1975. 

Energy from fossil fuels consumed in 
cement plants to produce clinker averaged 
5.8 million Btu per ton in 1976, ranging 
from 11.7 million to 3.4 million Btu per ton. 
These figures show only a very slight im- 
provement compared with those of 1976, 
when the average was 6.05 million Btu per 
ton, ranging from 11.8 million to 3.5 million 
Btu per ton. 


*$Amcord, Inc. Summary of the 1976 Annual Meeting. 
May 11, 1976, 10 pp. 


CEMENT 


Wet-process plants were the least energy 
efficient. Average consumption nationwide 
was 6.4 million Btu per ton, whereas the 
average for dry-process kilns was 5.2 million 
Btu per ton. Small wet-process kilns were 
the most inefficient; however, some of the 
larger wet-process kilns produced clinker 
with less energy than at many dry-process 
plants. There was a less direct relationship 
between kiln capacity and efficiency among 
dry-process plants than among wet-process 
plants. Kilns without preheaters averaged 
6.1 million Btu per ton; those with suspen- 
sion preheaters averaged 4.6 million and 
those with grate-type preheaters aver- 
aged 5.8 million Btu per ton of clinker 
produced. 

Electrical energy consumed in the 
manufacture of cement totaled 10 billion 
kilowatt-hours, 9.5 billion of which was 
purchased commercially and 0.5 billion was 
generated on site. The average amount of 
electrical energy used to produce 1 ton 
of cement was 141.5 kilowatt-hours, 1 
kilowatt-hour less than that required in 
1975. This energy, used principally for 
grinding operations, added nearly another 
0.5 Btu of energy required to manufacture 1 
ton of cement. (This is based on 3,412 Btu 
per kilowatt-hour instead of 10,660 Btu, as 
used in the 1975 Minerals Yearbook chapter 
on Cement). The resulting 1976 total energy 
requirement, onsite, to produce portland 
and masonry cement averaged about 6.3 
million Btu per ton. 

Gains in energy efficiency that have been 
achieved during the last few years are 
largely due to reduction in kiln feed mois- 
ture content and improved heat transfer in 
the kiln through installation of chanis." In 
some plants, lowered operating rates, be- 
cause of poor market conditions, worked to 
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offset these gains. | 

Another means of conserving energy 
which has not yet achieved wide use is the 
incorporation of pozzolanic additives. Sev- 
eral plants have increased the use of fly ash 
and slag in the production of Type IP, 
portland-pozzolan cement, and Type IS, 
portland-blast-furnace-slag cement. How- 
ever, the proportion of total shipments has 
remained constant or decreased in the last 
few years. In 1976, shipments of Type IP 
and Type IS were 344,000 tons, less than 
0.5% of total portland cement shipments. 
This ratio is virtually the same as in 1975, 
and only about half of the relative amount 
shipped in 1974. In 1976, the boom cement 
year, Types IP and IS commanded 1.2% of 
the market. It is expected that energy 
considerations will provide impetus for 
greater future use of pozzolanic additives. 

The use of municipal refuse as a kiln fuel 
was being investigated and put into practice 
in Europe. It is not expected to emerge as a 
significant fuel source in the United States 
for some time to come, owing to incompati- 
bility with present feed mechanisms, trans- 
portation, and storage systems, and possible 
adverse effect on clinker quality in existing 
kiln systems.* 

Studies were being proposed in Canada to 
investigate replacing conventional fuels for 
kiln operation with low-Btu substitutes, 
such as garbage, used oil, lignite, and tar 
sands.* 


"Portland Cement Association. Progress Report No. ὃ. 
April 1976, p. 37. 

* Dorn, J. D. Can Municipal Refuse Fuel Cement Kilns? 
Pit & Quarry, v. 69, No. 5, November 1976, pp. 46-49, 78. 

Western Miner. V. 49, No. 11, November 1976, pp. 31- 
82. 
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Table 9.—Clinker produced in the United States, by kind of fuel 


Clinker produced Fuel consumed 
Plants : 2 
Year and fuel active tity Percent Coal (thousand Natural gas 
during ( pusana total (thousand on e taie 
year short tons) short tons) barrels) ic 
1975: 

Coal ______________ 36 314,101 21.9 8,326 = = ΕΠ 
Gy s 9 ,289 5.0 ae 3,083 = 
Natural gas 18 35,109 8.9 22 86,936,640 
Coal and olli 21 8,887 13.8 1,651 1,743 
Coal and natural gas |... 42 14,568 22.6 — 46,843,516 
Oil and natural gas 21 11,569 17.9 c 1,863 59,972,545 
Coal, oil, nat gas 15 6,416 9.9 585 642 16,907,095 

U re 168 64,589 100.0 7,568 1,331 159, 559, 856 

1976: 

PPC 88 316,447 24.0 3,773 s = 
Ol. msn 7 32 497 9.6 ἘΠΕ 2,322 
Natural gas 12 24,304 6.3 TER "— 26,617,431 
Coal and oil 21 9,487 13.8 920 1,026 E 
Coal and natural gas ..... 42 16,708 24.4 2,492 ae 45,568,090 
Oil and gere iae συ 21 13,069 19.1 =a 8,928 53,816, 
Coal, oil, nat ERE 14 6,067 8.8 1,108 830 6,657 

Total „ 161 68,579 100.0 9.288 7,606 182,219,508 

Includes Puerto Rico 


*Includes 0.1% anthracite, 94.7% bituminous, and 5.2% petroleum coke in 1975; and 96.5% bituminous and 3.5% 
petroleum 5 in 1976. 

Average co n of fuel per ton of clinker produced as follows: 1975— coal, 0.28687 ton; oil, 0.937 barrel; and 
natural gas, 6,865 cu ic feet, 1976—coal, 022940 ton, l. 0.930 barrel, and natural gas, 6,184 cubic feet. 


Table 10.—Clinker produced and fuel consumed by the portland cement industry in the 
United States, by process! 


Clinker produced Fuel consumed 
Plants : 2 i 
τει 
during hort tons) short tons) ba rele) cubic feet) 
1975: 
νου ο οὐ ὃς οὐ 222 98 36,413 56.4 4,215 5,554 104,988,678 
ιν eed es δες ως 64 25,179 89.0 8,182 1,681 42,978,083 
lll 6 2.947 4.6 171 96 711,808, 145 
S τω κας 168 64,539 100.0 7,568 7,881 7159,559,856 
1916: 
Wit ...:-----ᾱὃ----.----.----.--- 98 87,980 56.4 5,050 5,508 88,107,261 
Dry tee oL 61 26,120 89.0 8,947 1,847 35 
Both ce es 3,879 5.6 291 751 8,866,280 
Total e 161 68,579 100.0 9,288 7,606 182,219,508 
"Revised. 
Includes Puerto Rico. 


"Includes 0.1% anthracite, 94.7% bitumincus: and 5.2% petroleum coke in 1975; and 96.5% bituminous and 8.5% 
petroleum coke in 1976. 
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TRANSPORTATION 


Trucks hauled most of the cement deliv- 
ered to customers in the United States; 
railroads and barges transported most ce- 
ment shipments from manufacturing plants 
to distribution terminals. Trucks hauled 
86.5% of the cement shipped to customers, 


railroads handled 11.5%, and 2% was trans- 
ported by waterway. This represented very 
little change from 1975. Compared with 
those of 1975, barge shipments increased 
58%, railroad shipments decreased 3%, and 
shipments by truck increased 6%. 


Table 12.—Shipments of portland cement from milis in the United States, in bulk and in 


containers, by type of carrier! 
(Thousand short tons) 
Shipments to ultimate consumer 
Shipments from 
plant to terminal From terminal From plant , 

Year and type — to consumer to consumer Total 

carrier In €————9ÀÀ e ————— shi 

bulk E In a In m ments 
bulk tainers bulk tainers 
1975: . 

Railroad 7,023 199 121 7,214 259 8,584 
Truck ...΄--.--- 775 79 14,241 831 39,085 4,354 58,461 
Barge and boat 7,485 17 36 NN 641 a 677 
Unspecified? | _ _ _ ο. ae aes a 99 3 102 

Total! 15,283 295 15,217 952 46,989 4,616 3 467 776 

1976: 

road 8,054 746 22 7,259 254 8,281 

F 1.282 151 16,889 977 40,077 4,808 62,251 
Barge and boat 7,883 15 464 Se 609 = 1,078 
U ified? | __ 260 "m 204 -- 102 10 816 

Total 16,929 810 17,808 999 48,041 5,072 3 471 922 

!Includes Puerto Rico. 
Includes cement used at plant. 


shipments were 92.0% (62,206, 
shipm ments were 92.0% (65,850,000 tons), and 
Data do not add to totals shown because of independent 


000 tons), and container (bag) shipm were 8.096 
container (bag) shipments were fre B. 0% “6,07 1,000 tons) 
rounding. 


(5,568,000 tons) for 1975. Bulk 
for 1976. 
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Table 13.—Cement shipments, by destination and origin! 


(Thousand short tons) 
Portland cement? Masonry cement 
1975 1976 1975 1976 
Destination 
333 SEC κ πμ 8 1,146 1,876 97 117 
Alaska? ______________________ 131 1 W W 
/ ¹ 8 1, 086 1,111 W W 
Arkanaas ss 802 885 64 69 
California, northern ________________ 2,651 2,734 s M 
ornia, southern ________________ 4,196 4,569 1 — 
Colorado __ _ _ 1,162 1,197 24 80 
Connecticut? _____________________ 624 568 13 14 
laware? ______________________ 122 142 7 7 
District of Columbia 247 196 9 8 
Florida __ ee 8,190 3,347 214 222 
er, e ------ 1.542 1,614 148 166 
Hawaii __————----------------———- 328 13 10 
öͤ§Ü˙Üi ( N 393 511 3 2 
III;» ³ AAA 3,281 3,760 101 117 
Indiana ___ 1,548 1,700 98 116 
IOWN τε ος ο ˙ .]. 8 1,789 1,800 26 82 
KR SUPE MEMO (86 1,122 1,229 26 84 
Kentucky — uiii! 2 ce 1,046 95 118 
Louisiana __ _ _ -.-...-------.-.-΄-....... 2.191 2,486 59 79 
Maine o ora ee icis 308 11 11 
Maryland .................------------------------.-. 1,106 1,188 90 101 
Massachusetts? ____________--___-- 914 ; dt "n 155 
Minnesota ______________________ 1,474 1,551 45 50 
Mississippi 813 830 56 66 
Missouri —_______________________ 1,635 1,728 39 50 
Montana _____________________ 335 3 4 
Nebraska _______________________ 899 1,029 14 18 
Novadā -z-o rnunana 366 359 (4) (4) 
New Hampshire* __________________ 209 236 11 13 
New qere „„ 1,443 1,866 51 54 
New Mexico 540 543 15 16 
New York, eas teen 584 745 26 26 
ew York, westeernnn 905 872 45 43 
New York, metropolitan! _____________ 1,070 866 33 32 
North Carolina 1,357 1,459 194 220 
North Dakota 372 412 8 10 
ο... ͤ . ee 2,848 2,804 179 188 
Oklahoma o ⁰». 1,186 1,262 49 61 
EINBAUEN EE MO M RENS 774 794 1 1 
Pennsylvania, easteern 1,760 1,756 67 75 
Pennsylvania, westeernn 1,014 1,102 79 91 
Puerto Rico ooo „„ 1.470 1.433 PP (9) 
Rhode Island? ____________________ 1 142 
South Carolina 800 782 109 119 
South Dakota 313 913 9 10 
enness e 1, 326 1,309 153 172 
οι το .—- ο n ocn a 6,130 6,469 158 194 
Utah ο fee eee 691 
Vermont 109 109 5 
το το ο δι Aisyah 1,602 1,599 154 182 
Washington _____________________ 1,032 1,168 7 
West Virginia ____________________ 568 519 41 51 
Wisconsuzüü ü 1.551 1,602 67 
Wyoming ...........--------------.--.------ 817 418 3 5 
Total United States 68,713 12,583 2,873 3,266 
Foreign countries 365 250 56 63 
Total shipments __________________ 69,078 12,833 2,929 3,329 
United States ____________________ 65,230 69,171 2,869 3,266 
Puerto Rico —.— — 8 1,566 ; ae ΜΗΝ 
Foreign:? 
Domestic producers ______________ 980 1,201 39 38 
Others o ne ĩ ⁰ s 1,302 911 21 25 
Total shipments ___ _ _ _ 69,078 12,883 2,929 3,329 


W Withheld to avoid disclosing individual company confidential data; included with ‘‘Foreign countries.” 

Includes cement produced from imported clinker and imported cement shipped by domestic producers, Canadian 
cement manufacturers, and other importers. Includes Puerto Rico. 

Excludes cement (1975—384; 1976—397) used in the manufacture of prepared masonry cement. 

*Has no cement-producing plants. 

Less than 500 short tons. 

Direct shipments by producers to foreign countries and U.S. possessions and territories; includes States indicated by 
sym 

*[ncludes cement produced from imported clinker by domestic producers (1975— 1,240; 1976— 1,024). 

"Imported cement distributed by domestic ucers, ian cement manufacturers, and other importers. Origin of 
imports withheld to avoid disclosing individual company confidential data. 
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Table 15.—Portland cement shipped from plants in the United States, by type! 
(Thousand short tons and thousand dollars) 


Quantity 
55 iex: aaa age heat 
—— e X. = mW 2107 
ystrength (Type II)) 
CC 1,120 
οσο ESL 8 865 
Portland slag and portland 
pozzolan ὡς ee at ee 315 
Expansive __ _ -...-... 92 
Miscellaneous 617 
Total or average 467, 776 
‘Includes Puerto Rico. 
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1975 1976 
Average ; Ave 

Value? per ton Quantity Value“ Peri 
1,924,202 $30.63 66,598 426 $83.87 
69,085 32.79 2,217 11,018 84.74 
12,236 35.36 219 10,567 87.87 
87,249 33.26 1,275 46,765 36.68 
27,328 74.86 862 81,859 86.63 
9,584 30.43 344 10,760 31.28 
3,856 41.91 97 4,243 43.14 
28,484 88.06 150 82,262 43.02 
42,107,020 81.09 71,922 2,485,395 38.86 


CONSUMPTION AND USES 


Shipments of cement into various States 
are considered to be an index of consump- 
tion. Portland cement consumption increas- 
ed 6% above that of 1975. Domestic produc- 
ers shipped 71.9 million tons of portland 
cement, which included 1.2 million tons of 
imported cement. In addition to the import- 
ed cement shipped by domestic manufactur- 
ers, 911,000 tons of portland cement was 
imported and shipped or used by others not 
producing cement in the United States or 
Puerto Rico. 

Consumption increased in all but 11 
States, the District of Columbia, and Puerto 
Rico. The greatest regional reduction in 
usage was in the New York City metropoli- 
tan area, and the State showing the largest 
drop was Hawaii, where shipments were 
down 2990. Other large decreases in con- 
sumption were in the Northeast United 
States as follows: District of Columbia, 21%; 
Massachusetts, 11%; Connecticut, 9%; and 
New Jersey, 5%. The largest increase in 
consumption was in Illinois, where ship- 


ments were up 479,000 tons, a 15% increase 
over those of 1975. The second largest in- 
crease was in California, where consump- 
tion increased 456,000 tons compared with 
that of 1975. Next in order of increased 
consumption were Texas and Louisiana, 
where shipments increased 339,000 and 
295,000 tons, respectively. Alabama and 
Utah each increased consumption by about 
230,000 tons. 

Ready-mix concrete producers were the 
primary consumers of portland cement, 
accounting for 6590 of the total quantity 
shipped by domestic producers. Manu- 
facturers of concrete products used 14% of 
the cement to make concrete blocks and 
pipe, precast-prestressed concrete, and 
other concrete products. Highway con- 
tractors and building materials dealers 
each received 8% of the total cement consu- 
med; other contractors received 4%; and 
Federal, State, and other government 
agencies, and other miscellaneous users 
consumed the remaining 1% to 2%. 


' PRICES 


The average mill value! of all types of 
portland cement was $33.86 per ton in 1976, 
$2.77 per ton higher than in 1975. The mill 
values ranged from a low of $27.58 in New 
York and Maine to highs of $40.94 in 
Oregon and Nevada, $42.46 in Puerto Rico, 
and $54.11 in Hawaii. 


According to Engineering News-Record, 
December bulk mill prices ranged from 


10Mill value is the actual value of sales to customers 
f.o.b. pant less all discounts and allowances, 
to customer, less all freight c 
nt to distribution terminal if any, less 
if any, less cost of paper 
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$28.80 in Louisville, Ky., to $57.60 in Waian- 
ae, Hawaii. The highest price in the conti- 
nental United States was $48.40 per ton at 
Redding, Calif. Bagged cement prices were 
$6.00 to $11.00 per ton higher than bulk 
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cities ranged from $34.60 in Detroit to 
$46.80 in Los Angeles. 


Table 16.—Average mill value in bulk, 
of cement in the United States! 


prices, and all prices were subject to cash (Per short ton) 

discounts. The area price for bulk cement 

reached a high of $82.20 per ton in Anchor- αι Portland Prepared ΑΙ; 

age, Alaska. Base prices for portland ce- cement cement of cement 

ment in carload lots fo.b. were reported 1972 20.31 52 59 

monthly in Engineering News-Record for 20 1918... 2.88 29.43 | 22.5 

cities in the United States. The December IE 5 S5 es S 

1976 average price for bulk cement was  1976.....- 33.86 42.63 94.25 

$41.06 per ton, compared with $37.50 per Hscludes Puerto Rico 

ton in December 1975. Bulk prices in the 20 : or cement made at cement plants only. 
FOREIGN TRADE 


Hydraulic cement exported from the 
United States decreased 5.7% in quantity 
and 6.4% in value from that of 1975. Ex- 
ported cement was equivalent to 0.7% of 
domestic shipments by quantity and 1.1% of 
their value. Six countries—Canada, Mexico, 
Venezuela, Leeward and Windward Islands, 
the Dominican Republic, and Ecuador— 
received nearly 9596 of the 466,000 tons of 
cement valued at $26,601,000, which was 
exported to 87 countries. 

Hydraulic cement and clinker imported 
into the United States decreased 1696 in 
quantity, while the value decreased only 
596 from that of 1975. Imported cement 


amounted to 4.296 of domestic shipments by 
weight and 2.790 of the value. 

Canada continued to supply the largest 
amount of imported cement and clinker, 
providing 58% of the total, followed by the 
Bahamas and Spain, with 9% each, Nor- 
way, 8%; France and Mexico, each 5%. 

Clinker comprised 91% of the total im- 
ports in 1976, compared with 28% in 1975, 
82% in 1974, and 41% in 1973. Two plants 
operated exclusively on imported clinker, 
and an additional nine supplemented ce- 
ment production by grinding imported 
clinker. 
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Table 17.—U.S. exports of hydraulic cement, by country 


1974 1975 1976 

Coun Quantity Value Quantity Value Quantity Value 

πα (short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
Afghanistans -- MES "T" 661 1 -- T" 

Austria 152 337 4,671 147 205 
Australia 269 32 212 581 151 
— —— “4 2 Πα m 
um- — — — — — ͤ —kUAƷ—4 Ju — s , 

r e 483 26 269 14 110 14 
Βοττηιᾶα..................... -.-..-. -- -.-.-..-.-.. -.. -.. -.. 15 20 49 12 72 25 
Brig. c μας ως 120 47 2,117 702 112 
Canada _ --—----------------———- 125,824 6,008 274,236 16,105 218,932 15,995 
Colombia... 22 2222222222222 17 10 1,11 66 
μπα ο σος σα 108 19 22 14 54 
|. L ut Dz Gun aa 51 17 77 71 30 12 
Dominican Republic ....--- 48,941 1,072 84,862 188 8,508 861 
DEL o Lei ͤ K n 751 53 428 79 5,534 300 
ο ο το σκορ 8 2 222 17 -- SN 
WOOO? ο ð eL u E 21 8 851 25 79 21 
E m ML UE UE Ru. 191 83 165 43 161 52 
French West Indies 1,086 23 728 19 290 17 
Germany, Wet 103 30 105 44 404 116 
JJ ⅛ K 705 41 adr: "WM 23 5 
Ουδἰοπιβ]β..................-. -- -- -- -.-- -.-. -.-. -. -:-.. -. 1,576 122 518 55 849 89 
Hail 2 ↄð et σα... 1,005 21 87 10 1,973 105 
Honduras 15 29 10 63 17 
Hong Kong 19 12A 40 40 
Indonesia 1.721 95 3,061 2,407 836 57 
«ο αι aay 8 18 39 53 45 88 
F/ AAA lo ecu 129 20 84 18 86 6 
]Hay.— — elem eonun 700 99 949 140 640 159 
Jamaica... 10,153 296 1,221 184 418 128 
JEDE o o cce cu 86 661 1,075 813 844 216 
Korea, Republic ů _ _ _ _ 86 28 143 63 53 18 
WW ———- 2 esee MI 11 2 11 83 85 
Leeward and Windward Islands 15,419 Vr 23,498 sl 15 22 
K λα ον ο ολα λα es MER NOR 88,165 8,018 τη 8,910 127,803 8,625 
Netherlands Antille... LLL Lc 16,067 834 6,791 212 4,057 123 
JJ HOMER MOREM 849 44 36 22 
jv. ANE EHE 998 410 83 -- =n 
Norway. -cnnan 26 21 15 15 14 23 
Panama ß de eher 243 47 9 15 1,746 138 
Peru 2 nec o r ⁊ĩ E LL 4,182 215 8,119 868 2,165 183 
Philippines eco 1,710 151 18 813 95 
rmi Arabia J ENTER 7 100 1,540 243 792 806 
—— 888 5,126 244 126 85 180 86 
South A Africa, Republic of ...................... 118 30 168 59 476 12 
DEB c tou ο LL 119 30 114 63 185 55 
liM Ue i am d a να 261 91 19 
Switzerland 178 75 170 51 151 57 
Taiwan o WW canone 251 163 859 118 214 88 
Trinidad and Tobago 82 29 62 94 49 16 
Trust Territory of the Pacific Islands 60 3 354 17 12 5 
Turkey σκι ρα ο ALS 1 (1) 20 24 58 29 
Turks d Caicos Islands mee Sas ες CN 644 34 
Uni ingdom __________________ 434 91 120 426 121 
Venezuela. 985 202 16,120 589 56,178 1.527 
Yugoslavia. _ -.-.-.. -. 87 552 142 24 
πι u I LS m 8 B B 763 45 zs on 
0% AA A 2,104 281 1,023 248 996 529 
Το κο uo tomo zT iR suxa 289,844 14,860 494,132 28,409 466,055 26,601 


Lees than 1/2 unit. 
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Table 18.—U.S. imports for consumption of hydraulic and clinker cement, by country 


(Thousand short tons and thousand dollars) 


Coun 1975 1916 
id Quantity Value Quantity Value 
eee e TERE E IRE EEE ERER AE 14 um 24 790 
um- Luxemboun ggg 

JJ T8 1,819 88,951 1,801 88,833 
Colombia n -=-= 2 64 br cae 
Denmark. Seo ee 15 413 (1) 1 
f κι οσα πμ n mE ER Ie Fe 912 6,237 178 5,219 
Germany, Weũet „ 30 491 (1) 48 
Honduras 22.5 os oe oe EUR 8 4 104 τε ΕΝ 
//ö§% . μμ yd . y uses ΕΤ ES (3) 1 
Japan ul ĩ³² c e ος ο αμ e EM λες Lu ον Z aS 28 639 6 189 
Matto usn ⁰˙Ü¹- AA cin Uu E αν 8 148 2,535 175 8,678 
Nóra o an e LL 865 6,127 265 4,410 
lo pee aC ę¼¼. ...... s 301 4,602 314 630 
ONE dd D UU S A 1,748 20 361 
United Κἰηράοπι....................-.-.-.----------------------.-.- 214 8,629 90 1,590 
WORN GIR ß . S uu Su u s 2 129 2 170 

πο ο cS πα ³oA καν ⅛ ͤ 3,702 70,620 8,107 67,085 

Less than 1/2 unit. 
Table 19.—U.S. imports for consumption of cement 
(Thousand short tons and thousand dollars) 
Roman, portland Hydraulic White 
and other coment nonstaining Total 
Year hydraulic cement clinker portland cement 
Quantity Value Quantity Value Quantity Value Quantity Value 

1914 cc A 2 8,810 18,315 1,829 26,137 33 1,682 5,732 101,784 
| (D ο ο ο οσο: 2,474 49,286 1,207 20,218 21 1,116 8,702 0,620 
C ο > 2122 46,635 962 19,136 23 1,314 8,101 
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Table 20.—U.S imports for consumption of hydraulic and elinker cement, by customs 
district and country 


(Thousand short tons and thousand dollars) 


Customs district and country 


ß cie he (4) (1) 

Toal- τι ο δοσεις u απο s δν 68 2039 83 1,108 
Baltimore: Germany, Wet 4 7 = S 
Boston: Spain SS S -. S E l) -.-.-.... LL 2222222 18 148 RM us 
Buffalo: 

j ³oWÜA πλεον ου 582 10,491 515 11,260 
Germany, Νοαί......................-....----------.-.-.- -.-. -. -.-. -. -. -. (1) 55 (1) 8 
JJ i ο ος LEE A 582 10,496 515 11,263 
CBBAdA oc Lu LLL. e y Li Le. 21 526 Sa 
: Canada oL uui St s ο αν απ ο ως 33 816 80 621 
Detroit: 
%%%. ]5Ü6AwA. 8 414 7,886 525 10,986 
————————————————— —— —— (*) (*) d 
United Kingdom "M MAN (1) (1) 

Total u % n e LI 414 7,986 525 10,836 
Duluth: Canada______ 2222222 443 2a mit 
El Paso: 

0 ðſ OTI εως SER (1) 1 
%ĩÄÜ˙§Ä5%C6CL]oO ðꝛ ũ d 11 432 14 605 
JJjbããöõͤũ / ĩ⁵ðVu SEED 11 432 14 606 

Great Falls: Canada _____________________ -.-.... 4 138 6 
Honolulu: Japan -~--~ ------------------------— 28 6 136 

Houston: 

ο ο ose ͥ %⅛2-ß! ³ AAA h e E (1) 4 T TS 
United Kingdo knn 72 1,195 (1) 1 

7)/öGö˙dĩ˙ ⁵ ß ⁵⁵ oa 72 1,199 (2) 1 

Laredo: ;o i ulace O esee 1 16 1 57 
Angeles: 

Germany, West ................-----------------------------.-------------- ($) 9 (ὦ) 10 

)] ]⅛˙¼ ꝛ ͥ⁰ſydd kd (y y ⁊ αμα (3) 16 1 42 

TOLL ß 8 (3) 25 1 52 
Miami: 

— a 121 ** 1 Ἡ 

um Lurembourrcr- _ _ _ 
Germany, Weũeddlũl „4 „„ 30 447 22 ΜῈ 
— — % „ E g 

ÜOCWaRY- uo co )!... ] . ⁵˙ ↄA iu Lees EE 
)))))))ͤõõͤͤ O ͥ ³˙· A MAR 119 1,721 112 1,470 
Sweden Leeds y 59 1,029 = EE 
United Kingdooᷣ nn 46 675 E πα 

77J·˙%ö³ßb' / αμα a a μας 449 7,819 248 4,647 
Milwaukee: Canada _______________________ 52 31 766 
New Orleans 

— ————— — — PN 2a 9 (3) 
Germany, West_______________________________ -- a () 17 
United Kingdo nun 96 1,710 1,588 

OCG) none ucun z ⁊ð K ̃ ⁊ͤ y 96 1.710 92 1,658 
New York City: 

BB Lol o uc V c S= x (4) 1 

J%7ö;—ꝛpi&] i a a 255 4,066 215 8,583 
l| mw M qc ³⁰ i A EE ES 11 198 ete RC 

17 uui pu mL eR Eu 266 4,265 215 8,583 
Norfolk: 

Bahamas ~ 2 22-52-24 πω» 91 2,075 108 2,939 
CADRE —— —— e es Gg m;; y cel e or "n M (3) 8 
Erünecà ες εις αρ ee eee ce sss 312 6,220 178 5,264 
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Table 20.—U.S imports for consumption of hydraulic and clinker cement, by customs 
district and country —Continued 


(Thousand short tons and thousand dollars) 


Customs district and country 


Norfolk: —Continued 


Total. nl παν νο. 


Pembina: 
Can 


OU m es ce e y EU 


St. Albans: 
Canada 


Total 
San Diego: Mexico ............ „ 


San Juan: 


Belgium-Luxembourg -~ --------------------- 
ell πω ώς eee Sete 


Tampa: 


!Less than 1/2 unit. 


1975 1976 
Quantity Value Quantity Value 

EE EN 49 167 16 187 
Me (1) 48 E NN 
83 452 9,110 297 1,198 
ο... 111 2.244 108 2,618 
SANE 93 2,293 102 2,621 
. ΠΝ ENS (3) 

"S 93 2,293 102 2,623 
"T (!) 23 (3) 18 
5 2 129 170 
T MES 2 152 2 188 
pers 44 901 41 1,256 
MEER: 101 2,280 181 3,820 
EPA __ -- (1) 1 
μις E T (ὦ) ; 
soa ag ect "m Κε (1) (4) 
era (1) 1 RM ΝΗ 
1 101 2,281 181 3,821 
ö __ V (1) 1 
GEN (1) 1 = 2a 
νι 13 691 10 532 
EREN 15 413 BN I 
nier (ὦ) 16 (3) 15 
5 62 E Z 
EH 32 146 23 751 
S 64 1,992 83 1,298 
ERES "m zx (3) 1 
ανν 11 137 Am er 
NL 11 180 4 43 
αμα κα RIS (1) 1 
8 22 317 4 

ον 273 3,621 229 4,192 
RS 202 5,590 91 2,532 
8 -- ΠΝ (1) 19 
οκ 2 42 8 ER 
un «ας.» 103 1,658 124 2,139 
N 61 831 158 137 
RHONE 40 719 20 861 
8 408 8,840 393 8,182 
8 3,702 70,620 8,107 61,085 


WORLD REVIEW 


Α number of countries announced long- 
term cement-industry expansion programs 
that were to provide future self-suffi- 
ciency in cement. These included Algeria, 
Hungary, Poland, Tunisia, the Dominican 
Republic, and Yugoslavia. In addition, 
many oil-rich countries pushed ahead with 
plans to increase cement production to sup- 


ply their extensive construction programs. 
Congestion at ports continued to be a prob- 
lem, particularly in Iran and Saudi Arabia. 
In the Middle East, the chemical-ad- 
mixture market for cement is growing 35% 
to 40% per year, according to the British 
Chemical Development Corp. Lack of 
potable water and local raw materials 


CEMENT 


with high salt content has caused special 
problems that are being combated by tech- 
nology involving a variety of admixtures. 

The technology in new plant installations 
clearly shows the continuing concern for 
energy efficiency in cement manufacture, 
with the dominance of dry-process, preheat- 
er plants. 

World cement production increased to 
811.5 million tons, 4.860 more than the 1975 
total of 774 million tons. The largest in- 
crease in production was in Asia, where 
overall production averaged 10% above that 
of 1975. Production changes ranged from a 
71% increase in Bangladesh to net re- 
ductions in some Middle East countries and 
Nepal. 

Oceania showed an increase of 896 over 
1975, solely as a result of Australia's 12% 
boost 


Western European production was vir- 
tually the same as in 1975, whereas Eastern 
European countries expanded output by 
3%, to 206 million tons. 

Production in North America increased 
6% to 105 million tons, and South American 
countries increased by 1%, manufacturing 
88 million tons of cement. 

African countries increased production 
3% with 26.6 million tons, compared with 
25.7 in 1975. 

The 10 leading cement-producing coun- 
tries, according to Bureau of Mines data, 
were the U.S.S.R., Japan, the United States, 
Italy, the People's Republic of China, West 
Germany, France, Spain, Poland, and India. 


NORTH AMERICA 


Canada.—Construction expenditures in 
Canada were up about 1296 over those in 
1975; however, wages and costs of materials 
increased at approximately equivalent 
rates, showing that there was no real 
growth in the cement industry." 

Canada's cement exports to the United 
States dropped for the third successive year, 
this time by 696. The 1975 level was down 
14% from that of 1974, which was in turn 
10% less than 1973 exports. 

Canadian cement-producing capacity re- 
ported at yearend 1976 was about 16.5 
million tons per year, according to the 
Canadian Department of Energy, Mines, 
and Resources. Capacity changes during the 
year resulted in a net reduction of 84,700 
tons. 

Cement production in all Canadian Pro- 
vinces for 1976 totaled 10,858,000 tons, 94% 
of which was produced in six Provinces, as 
follows: Ontario, 389v; Quebec, 27%; Alber- 
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ta, 11%; British Columbia, 9%; Manitoba, 
6%; and Saskatchewan, 3%. 

Genstar’s Ocean Cement Ltd. began con- 
struction of a new plant at Vancouver, 
British Columbia, designed to produce 1.2 
million tons per year. The $64 million 
facility was intended to replace an old plant 
on Vancouver Island by 1978. Genstar also 
began planning a two-stage expansion of its 
Edmonton, Alberta, plant. Inland Cement 
Industries Ltd. began a $60 million program 
to increase capacity 75% at its Edmonton 
plant by the early 1980’s. The initial stage 
will be a $3 million electrostatic precipita- 
tor system. 

St. Lawrence Cement Co., after almost 2 
years of government review, took over Ci- 
ment Independant of Montreal for $Can67 
million (US$68 million) and 200,000 shares 
of St. Lawrence stock. St. Marys Cement 
Ltd. installed a new dry-process, four-stage 
suspension preheater kiln, increasing ca- 
pacity 661,000 tons per year at its St. Marys, 
Ontario, plant. Other expansion plans 
included doubling the capacity of Canada 
Cement Lafarge Ltd.’s plant at Brookfield, 
Nova Scotia. 

The cement industry in Canada has set a 
voluntary goal to reduce energy consump- 
tion 996 to 12%, compared with that of 1974, 
by 1980. In 1976, the Canadian cement 
industry consumed approximately 62 tril- 
lion Btu, or about 496 of the energy used by 
Canadian industry as a whole. 

Costa Rica.—Costa Rica produced 399,000 
tons of cement in 1976. Cementos del 
Pacífico S. A. awarded a $30 million con- 
tract to Allis-Chalmers Corp. to build a new 
plant in Guanacaste, about 108 miles from 
San José. Total estimated cost for the plant 
will be $55 million. 

Dominican Republic.—The Dominican 
Republic's expectation of becoming a ce- 
ment exporter in 1976 did not materialize. 
Surplus production was, however, expected 
in 1977. Four cement plants were expected 
to produce about 42 million bags per year. 
This, compared to the 1976 domestic con- 
sumption of 18 million bags, should provide 
an exportable surplus. 

Cementos Nationales S. Α. began oper- 
ation of a new dry-process plant. Fuller Co. 
was responsible for the turnkey operation. 
Α capacity of 562,000 tons per year was 
achieved with a single, four-stage suspen- 
sion preheater kiln. This plant doubled the 
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previous national output and provides ce- 
ment self-sufficiency for the present.!* The 
country's previous cement production came 
exclusively from Fabrica Dominicana de 
Cemento. Production in 1976 was 585,000 
tons. 

El Salvador.—A 1,102-ton-per-day sus- 
pension preheater kiln and related plant 
equipment were contracted to be installed 
by Allis-Chalmers Corp. for Cemento de El 
Salvador S. A. Completion is scheduled for 
1978. Production totaled 366,000 tons in 
1976. 

Jamaica.—Construction of a 660,000- 
short-ton-per-year cement plant was sched- 
uled to begin in late 1976. Located on the 
western end of Jamaica, the plant is ex- 
pected to cost $J60 million. (US$66 million). 
The Jamaican Government will own 85% 
interest, and the Cavendas Group of Venez- 
uela will hold the remaining 15%. Carib- 
bean Cement Co. increased its price of 
cement in January by 32 cents (US 35 cents) 
to $J2.28 (US$2.51) per bag. The purpose of 
the price increase was to generate reserves 
for the proposed $J25 million (US$27.5 mil- 
lion) expansion program. Prior to the sus- 
pension of the program in midyear, $8 
million had already been spent. The intend- 
ed expansion would double potential output 
to 800,000 tons per year by 1978. National 
production was 400,892 long tons for 1976. 

Mexico.—Cemento Portland Nacional 
was building a cement plant at Hermosillo, 
Sonora. Scheduled for completion in 1977, 
the plant will have a production capacity of 
1,500 tons per day. Construction of another 
1,500-ton-per-day plant was being planned 
at Campeche, on the Yucatán Peninsula. 
Canteras y Calizas de Campeche signed a 
contract with Capital Plant International 
and Fives Lille Cail of the United Kingdom. 
The plant and associated marine loading 
facilities were expected to cost about £35 
million (US$63 million). The plant is sched- 
uled for completion in early 1979. 

Cementos Apasco brought a new plant on 
stream, increasing capacity to 1.5 million 
tons per year. It is located about 50 miles 
north of Mexico City, near the village of 
Apaxco.!? 

An investigation by the U. S. Internation- 
al Trade Commission concluded that anti- 
dumping regulations had not been violated 
by Mexican cement producers.'* 

Total production of cement in Mexico in 
1976 was 13,871,000 tons. 


SOUTH AMERICA 
Barbados and Guyana.—Technical feasi- 
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bility studies for a joint project of the 
Governments of Barbados and Guyana were 
undertaken by Holderbank Consulting Ltd. 
of Ontario, Canada. The plant, to be con- 
structed in Barbados, would produce 
250,000 tons per year of clinker, 100,000 
tons of which would be shipped for final 
processing to Guyana. The project was 
scheduled for completion in 1979. 

Bolivia.—Sociedad Boliviana de Cemento, 
S. Α., at La Paz announced that it would 
expand its capacity 551 tons per day by 
1978. The turnkey project, to be carried out 
by F. L. Smidth & Co., comprises a four- 
stage preheater kiln, planetary clinker cool- 
er, a new raw mill with air separator, an 
open-circuit finish mill, and new storage 
facilities. 

Although Bolivia experienced a mild re- 
cession beginning in late 1975 and contin- 
uing through the first half of 1976, a con- 
struction boom produced higher cement 
sales. Because of production problems, do- 
mestic cement output declined, requiring 
the importation of 55,000 tons. 

Cement production for Bolivia in 1976 
was around 243,000 tons from three plants. 

Brazil.—Cement production for 1976 was 
18.6 million tons, a decrease of 3% compa- 
red with that of 1975. 

Companhia Nacional Cimento Portland, a 
subsidiary of Lone Star Industries, Inc., in 
Rio de Janeiro, began engineering and feasi- 
bility studies for a new cement plant to be 
built at Cantagalo, about 250 miles from Rio 
de Janeiro. Construction is to begin in 1978. 
The new plant, which will have a capacity 
of between 661,000 and 772,000 tons, will 
eventually replace the present 496,000-ton 
plant at Guaxindiba. Sociedad de Empreen- 
dimentos Industriais Comerciais e Min- 
eracáo was setting up a 1-million-ton-per- 
year cement plant at Vespasiano, Minas 
Gerais, at a cost of $100 million. Cement 
production grew nearly 20% during the 
year to one-third of the national total of 
cement production. 

Cimento Tupi S.A. (Blue Circle Group) 
began production at its new plant at Pedra 
do Sino in February 1976. Under con- 


Rock Products. Dominican Republic Puts New Cement 
Plant Into Produccion. V. 79, Νο. 8, August 1976, pp. 43-47. 

13MacDonald, D. The New Plant of Cementos Apasco. 
Rock Products, v. 79, No. 4, April 1976, pp. 86-90. 

14Federa] Register. V. 41, No. 105, May 28, 1976. 

——. V. 41, No. 181, Sept. 16, 1976. 

U. S. International Trade . Portland Hy- 
draulic Cement from Mexico. USITC Publication 795, 
December 1976. 
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Struction since 1973, this 661,000-ton-per- 
year, dry-process plant was reported to be 
producing near capacity.’ 

Cimento Santa Rita S.A. at São Paulo 
reportedly completed a new dry-process, 
2,200-ton-per-day plant, supplied largely by 
Allis-Chalmers Corp. cement and mining 
systems. Itabira Agro-Industrial S. A. in- 
stalled a 1,000-ton-per-day, two-kiln plant 
at Cappao Bonito, equipped by the Czech- 
oslovakian Pragoinvest.!* 

Ecuador.—A new cement plant was being 
planned, to be located near Latacunga in 
Cotopaxi Province. Cementos Cotopaxi, C. 
A., was to provide 30% of the financing, 
with the remainder to be supplied by a 
foreign partner. The existing Guapan ce- 
ment plant in Cafiar Province was to be 
expanded from 200-ton-per-day capacity to 
1,000-ton-per-day capacity at a cost of $30 
million. Production in Ecuador totaled 
679,000 short tons in 1976. 

Peru.—Cementos Norte Pacasmayo of 
Lima planned to triple capacity of its Paca- 
smayo plant. Fuller Co. was to supply the 
plant with a complete equipment package 
for a flash calciner-preheater, dry-process 
kiln plant, at a cost of $7 million. The plant, 
scheduled for operation by September 1977, 
was to have a capacity of 3,000 tons per 
day." Cementos Lima S. A. contracted with 
Holderbank Consulting Ltd. of Canada for 
engineering work on a 3,000-ton-per-day 
expansion of the Atacongo plant near Lima. 
The existing plant was completed in 1969 
and the new facilities were expected to be 
operational by 1978. Plans call for a flash 
precalciner, which, when installed, will be 
the first such unit in Latin America. Cost of 
the expansion is $100 million. 

Peruvian .cement production totaled 
2,167,000 tons in 1976. 

Uruguay.—Administracion National de 


Combustibles Alcohol y Portland is expand- 


ing its plant in Paysandú from 441 to 992 
tons per day with a new four-stage preheat- 
er system from Fuller Co.’s South Ameri- 
can subsidiary.“ 

Venezuela.—Cementos Caribe C. A. of 
Caracas contracted with Holderbank Con- 
sulting Ltd. of Ontario, Canada, to engineer 
and manage the construction of a new 3,000- 
ton-per-day, dry-process plant at Puerto Cu- 
marebo. Additional marine distribution 
facilities will be built as well. Construction 
was scheduled to begin in 1977, with com- 
pletion in 1978.10 

Venezuelan cement production in 1976 
was 3.9 million tons. 
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EUROPE 


According to Cembureau, the European 
Cement Association, cement production in 
the nine Eastern European countries (Alba- 
nia, Bulgaria, Czechoslovakia, East Ger- 
man, Hungary, Poland, Romania, the 
U.S.S.R., and Yugoslavia) in 1975 was 207 
million tons, or 27% of the world total. It 
was estimated that output would increase 
by 5% per year from 1976 to 1980. 

Orders for new cement mills increased 
during the year, according to the German 
firm Polysius, Α. G. (Neu Beckum, West 
Germany), and its six overseas affiliates. 
Much of the increased demand was for 
turnkey operations for new plants in devel- 
oping countries. 

Albania.—Production in Albania in 1976 
was 882,000 tons, a 2396 increase compared 
with that of 1975. Albania has announced 
its intention to increase production 5596 
above the 1975 level by 1980. Two plants 
were known to be operating in 1976, at 
Fushé-Frujé and Elbasan. 

Germany, East.—East Germany produc- 
ed 12.5 million tons, a 6.5% increase over 
1975 production. Eleven plants were distrib- 
uted around the country, the largest being 
the Karsdorf Cement Works near Halle, 
with a capacity of 4.7 million tons per year. 
Work was being undertaken to expand the 
capacity of the plant at Duena, near Erfurt, 
to 2.8 million tons per year. Plans through 
1980 are to increase production 2596 
through better utilization and expansion of 
existing facilities. 

Hungary.—In Hungary, production was 
4.7 million tons in 1976 from six plants. The 
new works at Hejócsaba went into pro- 
duction officially in April. This gas-fired, 
dry-process, 1.8-million-ton-per-year plant 
went into trial operation in January 1975, 
and produced 248,000 tons that year. Total 
cost was $230 million. Another new plant at 
Belapatfalva was scheduled for 1978. It too 
will be a two-kiln, dry-process plant. Princi- 
pal fuels will be oil and gas, and capacity is 
to be 1.25 million tons. Cost was estimated 
at $220 million. 

Ireland.—Ireland's cement and clinker 
production in 1976 was estimated at 1.5 
million tons. Work was progressing on a 


15Industrial Minerals. No. 111, December 1976, p. 64. 

16The Associated Portland Cement t Manufacturers Ltd. 
1976 Reports and Accounts. 1976, p. 10. ` 

17Grancher, R. A. International Cement Review. Rock 
Products, v. 80, No. 1 1977, p. 100 

1 Products. Rock N ewscope. V. 79, No. 7, July 1976, 


p.1 
I Work cited in footnote 18. 
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1-million-ton expansion of the Platin plant 
of Cement Ltd. The project, begun in 1974 at 
an estimated cost of £40 million, was ex- 
pected to go onstream in October 1977. The 
expanded facility will provide Cement Ltd. 
with a clinker capacity of 2.1 million tons.” 

Norway.—Production of cement and 
clinker in Norway in 1976 was about 3.0 
million tons. Cement sales were down from 
those of 1975, largely because of reduced 
deliveries to North Sea activities. To com- 
pensate for higher production costs, the 
Government permitted an increase in the 
price of cement by an average of NKr26 per 
ton (US$4.76 per ton). 

Romania.—Romania reported production 
of 14 million tons of cement in 1976, a 9% 
increase compared with that of 1975. Con- 
struction continued on the new Tasca 
works, begun in 1975. This two-kiln, dry- 
process plant was scheduled to begin partial 
production in 1977, and to be fully opera- 
tional in 1978. 

Spain.—Asland S.A. began production 
from a new, 1-million-ton-per-year plant at 
Sagunto, near Valencia. This expands As- 
land’s total capacity from its four plants to 
5.5 million tons. As of mid-1976, cement 
consumption was running at about the 
same level as in 1975, or at an annual figure 
of about 28 million tons. 

Sweden.—As in other parts of the world, 
energy efficiency considerations in Sweden 
have resulted in the building of larger 
plants and wet- to-dry-process conversion. 
Euroc estimated that by 1980, four cement 
plants will produce the same amount as 
seven plants in 1976. Cementa announced 
the quadrupling of its Slite plant on the 
Island of Gotland, at a cost of SKr600 
million (US$138 million). Since 1976, Ce- 
menta has been the only cement manu- 
facturer in Sweden. Swedish consumption 
declined to 3 million tons, a 10% decline 
compared with that of 1975. Exports were 
110,000 tons, or 2596 of the 1975 level. 

U.S.S.R.—The Soviet Union has an- 
nounced the intention of a maximum 
growth in cement production of 496 per year 
through 1980. Production by 1980 was ex- 
pected to be 177 million tons. Production in 
1976 was reported as 137 million tons from 
115 plants. Ninety of these plants were 
operated by the U.S.S.R. Ministry of Con- 
struction Materials. 

United Kingdom.—Demand for cement in 
the United Kingdom declined 9% during 
1976, the third consecutive year of decreas- 
ing cement consumption according to Asso- 
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ciated Portland Cement Manufacturers Ltd. 
(APCM), (Blue Circle Group). Domestic ship- 
ments dropped 7.4% to 17 million tons, and 
production of portland cement fell 7.4% 
during the year. The 1974 shipments were 
down 12% from 1973 levels, and those of 
1975 declined another 4% from 1974. As a 
result of this depressed construction mar- 
ket, about 2.2 million tons of capacity was 
lost because of closures. Exports increased 
only 2.5% to nearly 1.1 million tons, despite 
increased exports of cement to the Middle 
East, Nigeria, and Venezuela. 

APCM closed down three older plants 
during the year. This reduced the country’s 
annual production capability 717,000 tons. 
Despite the closures, Blue Circle was opera- 
ting at 80% of capacity. In a step toward 
energy-cost savings, Blue Circle converted 
two previously oil-fired plants to burn coal. 
In addition, the Blue Circle Group installed 
a full-scale refuse preparation plant. The 
company has been investigating the use of 
domestic refuse as a replacement fuel in its 
kilns. Blue Circle hopes eventually to use 
66,000 to 88,000 tons of refuse. An advan- 
tage in cement manufacturing, the com- 
pany reports, is that combustion gases from 
the refuse neutralize some of the alkalies 
from the kiln. The new plant was scheduled 
to go onstream in early 1977. 

Tunnel Holdings, Ltd. closed its plant at 
West Thurrock, Essex. This reduced the 
company’s capacity by nearly 1 million 
tons, or approximately one-third of its total 
output. During 1976, a new wet-process kiln 
of 330,000 tons capacity was installed at 
Clitheroe, near Manchester. 

According to Cembureau, a total of 19 
kilns were shut down in 1976, with a com- 
bined capacity of 2.3 million tons. The 
outlook for 1977 was for a further 5% to 6% 
decline in the construction market, but 
continued export increases were expected to 
maintain production at the 1976 level. 

The Department of the Environment’s 


Building Research Establishment ordered 


that buildings throughout the country be 
inspected for potential hazards caused by 
the use of high-alumina cement in precast 
concrete structural members. The problem 
was caused by a conversion and subsequent 
weakening of the crystalline structure of 
the cement upon exposure to heat and 
moisture. 
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The price of cement in the United King- 
dom increased 6% on November 4, 1976. 
Further increases were expected to follow 
in 1977 as a result of continuing increases in 
the costs of raw materials and labor. 

Yugoslavia.—The Partizan Cement 
Works on the Adriatic Coast requested that 
Polysius, A.G., deliver a new PREPOL pro- 
cess precalciner kiln, along with quarry 
machinery, crushers, crushing mill, pack- 
aging and loading machinery, and process- 
automation and electrical equipment. The 
plant is expected to expand present capacity 
to 3,500 tons per day. Production for 1976 
was 8.4 million tons. 


AFRICA 


Algeria.—Annual cement capacity for 
Algeria was rated at about 3.8 million tons. 
Production for 1976, however, was esti- 
mated at less than half of capacity, perhaps 
1.5 million tons. Consumption was between 
3.5 million and 4 million tons, with the 
balance being imported. With the 1-million- 
ton-per-year Al-Asnam plant coming on- 
stream, it was estimated that production 
will increase at least 25%. Algeria would 
like to achieve self-sufficiency in con- 
struction materials, including the ρτο- 
duction of cement, by 1980. An average 
annual growth rate of 13% in cement de- 
mand is forecast through 1981. According to 
World Bank figures for November 1975, 
Algeria's expansion plans call for increas- 
ing national cement production capacity to 
8 million tons per year in 1978, with an 
approximate balance of supply and demand 
expected by 1979 or 1980. An integral part 
of this expansion plan is the construction of 
a 500,000-ton-per-year, dry-process cement 
plant near Saida, and expansion of distribu- 
tion facilities nationwide. The Société Na- 
tional des Materiaux de Construction, 
which dominates the cement market in 
Algeria, will operate for the Saida plant and 
al new distribution facilities and equip- 
ment. Kawasaki Heavy Industries of Japan 
will build the turnkey plant. 

Kenya.—A new kiln was placed in oper- 
ation at Bamburi Portland Cement Co. Pro- 
duction was expected to reach 1 million tons 
per year during 1976. 

Libya.—A 3,000-ton-per-day, dry-process 
cement plant was to be built about 6 miles 
from the coastal city of Homs. Société Fives- 
Cail Babcock contracted to supply the 
turnkey facility at a cost of F700 million 
(US$146 million). The new system includes 
a two-stage facility for raw grinding and 
drying, which uses a 270-ton-per-hour roller 


281 


mill and is capable of removing moisture up 
to 12%. The kiln is 17.7 feet in diameter by 
290 feet long and uses a four-stage cyclone 
preheater and a grate-type clinker cooler. 
Clinker is ground by two closed-circuit ball 
mills each rated at 100 tons per hour. 

Cement produced by Libya in 1976 
amounted to 1,653,000 tons valued at £60.3 
million. 

Morocco.—State-owned Cimenterie de 
l'Oriental was moving ahead with plans to 
build a 1.2-million-ton-per-year cement 
plant near Oujda at a cost of $182 million. 
Funding was to come from several sources, 
including the Moroccan Government 
($105.5 million), the World Bank ($45 mil- 
lion), the Arab Fund for Economic and 
Social Development ($24.5 million), and 
Moroccan commercial banks ($7 million). 
The project is expected to be completed in 
1978. A shortage of cement in Morocco 
resulted in 740,000 tons being imported in 
1976. When in full production, the new 
plant is expected to save Morocco about $34 
million per year in foreign exchange. 
APCM, which will do the engineering work, 
will also provide supervisory services for a 
l-million-ton-per-year plant at Mediouna, 
south of Casablanca. Contracts for this 
plant should be awarded in 1978, with 
completion scheduled for 4 years from that 
time. 

The new Marrakech cement plant, locat- 
ed 28 miles west of Marrakech, was sched- 
uled to begin production in June 1976. 
Société des Ciments de Marrakech (Mar- 
rakech Cement) was created in Decem- 
ber 1972 to finance and develop a project to 
build the new 550,000-ton-per-year plant. 
Investors in the $40 million project included 
the International Finance Corp. and two 
affiliates of Ciments Lafarge. Planning and 
construction were supervised by Ciments 
Lafarge. The new dry-process kiln uses fuel 
oil. 

Ciments Lafarge operated two other ce- 
ment plants in Morocco—Lafarge Maroc in 
Casablanca and Société des Ciments Artifi- 
ciels de Meknes in Meknes. These two 
plants provided 70% of the country's total 
cement output. 

Nigeria.—Construction began on a new 
882,000-ton-per-year cement plant by Asha- 
ka Cement Co. Ltd. Installation of a third 
kiln was being considered, which would 
increase annual production capacity to 1.3 
million tons. APCM has a 30% interest in 
Ashaka, which is principally owned by the 
Nigerian Government. 
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Nigeria's 1975 cement crisis, in which 
some 170 cement-laden ships unable to un- 
load lay at anchor at the port of Lagos- 
Apapay, by mid-1976 resulted in legal 
actions taken by the United States, the 
United Kingdom, and West Germany. The 
suits involve Nigeria's failure to pay heavy 
demurrage and freight charges incurred 
when massive congestion developed at the 
port. The U.S. and German cases involved 
letters of credit issued by the Bank of 
Nigeria and its agents; the British suit was 
directed at the Banco Internacional de Com- 
mercio in Madrid, Spain. Out-of-court set- 
tlements were reportedly reached by some 
suppliers,but other cases may yet be brought 
to court. 

The Nigerian National Supply Co. made 
arrangements to import 3.3 million toñs of 
cement in 1977. 

South Africa, Republic of.—Cement pro- 
duction for 1976 was 7.9 million tons, vir- 
tually the same as that of 1975. Domestic 
sales were 1.2% above the 1975 level, and 
exports dropped in volume by 12.5%. Im- 
ports of cement totaled 82,000 tons, a 5% 
increase compared with those of 19775. 

Installed cement production capacity in 
the Republic of South Africa for 1976 was 
about 7 million tons per year. An industry 
goal is to reach 10 million tons capacity by 
1980. The Cement Producers Association 
has indicated that this production is ex- 
pected to be from new plants with capacities 
of about 600,000 tons per year each. Single 
units of less capacity were considered un- 
economic in the Republic of South Africa, 
owing to current construction and operation 
costs. 
Anglo Alpha Cement Ltd. closed its old 
(1987) plant at Henneman, Orange Free 
State, owing to high operational costs. To 
offset that production loss of 100,000 tons 
per year, Anglo Alpha was scheduling the 
opening of its new Dudfield plant in 1977. 
Production capacity of the new plant is 
expected to be 2.2 million tons per year. 


ASIA 


Afghanistan.—Three U.S. firms were 
awarded a contract to build a new cement 
plant in Afghanistan in the Kandahar re- 
gion. Oman Construction, Fuller Co., and 
Fischback & Moore International, Inc. 
expect to complete the installation in 1979. 
Capacity will be 1,600 tons per day. The 
turnkey operation was financed for $50.5 
million by the Government of Iran. It was 
the largest industrial project ever under- 
taken in Afghanistan. 

Bangladesh. — The new Chittagong clink- 
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er grinding plant was expected to provide 
most of the increased cement manufac- 
turing capacity to double the country's pro- 
duction. The new facility supplements the 
existing Chhatak cement plant. It was ex- 
pected that the increased production would 
satisfy 60% of Bangladesh's annual demand 
of 606,000 tons. Production at the two plants 
in 1976 was 241,000 tons. 

A new l-million-ton-per-year plant was 
planned, to be called the Jaipurhat Lime- 
stone Mining and Cement Works. This pro- 
ject was estimated to cost around $200 
million, and is expected to give the country 
self-sufficiency in cement or the basis of 
indigenous resources. 

China, People's Republic of.—The num- 
ber of relatively small vertical-shaft kilns 
has been increasing very rapidly in China 
during the last several years. Small cement 
plants, which are usually located in rural 
areas and numbered about 200 in 1965, were 
estimated at 2,800 in 1973. While the over- 
all cement-producing capability of the coun- 
try has increased, individual plant capacity 
decreased from an average in 1965 of about 
25,500 tons per year to around 7,100 tons 
per year in 1973. The small vertical-shaft 
kiln plants can be located in areas with 
limited transportation and communications 
facilities, or where raw materials supplies 
or market demand would preclude 
establishment of a larger plant. Savings in 
transportation appears to be a major factor 
offsetting the economics of scale that would 
be realized by larger plants in many other 
parts of the world. 

Hong Kong.—National cement pro- 
duction for the year was estimated at 
around 683,000 tons. Fifty-nine percent of 
Hong Kong's cement was produced in small 
plants. Small plant production increased 
about 796 over that of 1975. Although first 
quarter cement production was up about 
1296 in 1976, no yearend national figures 
were made available by the New China 
News Agency. 

India.—A new cement plant was under 
construction at Ariyalur, in the Tridhira- 
palli District for the Government-owned 
Tamil Nadu Cements Corp. Ltd. of Madras. 
Research and development programs, under 
the sponsorship of the Cement Research 
Institute of India, included studies on the 
feasibility of cement miniplants for north- 
eastern India (a region that presently has 
only two cement plants), and an appraisal of 
vertical-shaft technology. 


*1Work cited in footnote 15. 
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The amount of cement produced in India 
in 1976 was 20,892,000 tons. 

Indonesia. -In 1976, domestic production 
of cement was 2 million tons. Extensive 
expansion of cement-manufacturing capaci- 
ty was in progress. Plans call for seven 
cement plant projects, which will increase 
capacity 6 million tons or more by 1979. 

The Indonesian Directorate General of 
Chemical Industries recommended the con- 
struction of 12 new cement plants, each 
with a capacity of 500,000 tons per year, to 
meet an estimated market demand of 12 
million tons by 1984. Since 1978, cement 
supply has fallen behind market demand in 
Malaysia, a principal export market. 

Kaiser Cement & Gypsum Corp. was 
working on an expansion to approximately 
double the capacity of its Cibinong (Indone- 
sia) plant. Expected completion date was 
late 1977. 

Iran.—Iran plans to increase cement pro- 
duction capability from 6.1 million tons per 
year in 1976 to 10 million tons in 1977, 16 
million tons in 1978, 19 million tons in 1979, 
and 20 million tons by 1980. All expansion 
would be by means of large-capacity, dry- 
process kilns. One plant, the Aria Cement 
Co., southwest of Isfahan, will use about 1 
million tons of slag per year from a nearby 
steelworks. 

Iraq.—Eight new kilns were planned to 
go into operation in 1977 and 1978, which 
would increase the 1976 capacity of 3.2 
million tons to 7 million tons. Six of the 
eight new kilns were to use the wet-process. 
Only two new dry-process kilns were 
planned—one in 1977 and one in 1978 at the 
Badoosh plant, Mosul. Each would have a 
capacity of 0.6 million tons. A 500,000-ton- 
per-year grinding plant at Umm Qasr was 
to operate on clinker from the Samawa 
plant, 186 miles south of Baghdad; a white 
cement plant with 100,000-tons-per-year ca- 
pacity was scheduled to be built by 1978. 

Israel.—A projected 0.6- to 1-million-ton- 
per-year capacity plant was planned for the 
southeastern part of Israel. Currently, three 
cement plants of the Nesher Co. provide 
production capacity of approximately 2 mil- 
lion tons per year. 

Japan.—In 1976, Japan was the second 
largest producer of cement in the world. 
Total cement production in Japan was 75.7 
million tons, a 5% increase over 1975. 

Kaiser Cement & Gypsum Corp. complet- 
ed the sale of its 46% equity interest in 
Ryukyu Cement Co. Ltd. of Okinawa to Ube 
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Industries Ltd. for nearly $7 million. 

Japan continued to make significant con- 
tributions to cement and concrete research 
and technology in such areas as alkali- 
resistant glass fiber for use in concrete 
reinforcement and the use of steel slag in 
both cement manufacture and as concrete 
aggregate. 

Japanese exports of cement and clinker 
were reported up for the year to nearly 6.2 
million tons, more than 75% of which went 
to Southeast Asia, particularly Singapore, 
Indonesia, Hong Kong, and Malaysia.” 

Jordan.—Jordan’s cement production 
was 649,000 tons in 1976. A shortage of 
cement developed during the year as a 
result of a production breakdown at the 
Jordan Cement Co. and increased demand 
owing to a construction boom. Cement can 
be legally imported into Jordan only 
by Jordan Cement Co. which is 49.5% 
Government-owned. 

By 1978, one cement plant southwest of 
Amman will have a capacity of 600,000 tons 
per year owing to the addition of a 2,000- 
ton-per-day dry kiln. 

Kuwait.—The Kuwait Cement Co. located 
at Shuwaykh, near Kuwait City, was con- 
sidering some expansion. In 1976, it was 
operating a clinker-grinding plant with a 
capacity of 300,000 tons per year. 

Lebanon.—Cimenterie de Sibline plan- 
ned a new cement plant with a capacity of 


around 300,000 tons per year. Capacity for 


1976 was 2.1 million tons. An increase of 
100,000 tons in white cement production 
was scheduled for 1971. 

Malaysia.—Malaysian cement production 
was expected to increase to about 4 million 
tons per year by 1980, as a result of planned 
expansions of the two existing plants and 
the construction of three new plants by 
1979. 

Cement production of 1.9 million tons in 
1976 was 2090 higher than that of 1975. 

Oman.—A 350,000-ton-per-year plant was 
being built at Qurum. It was scheduled for 
operation in 1978 or 1979. 

Pakistan.—The State Cement Corp. of 
Pakistan owns all of the cement produc- 
tion facilities in the country. Expansion 
announced for 1976 was expected to in- 
crease capacity 2.3 million tons, from 3.5 
million tons per year in 1975 to 5.8 million 


5 P. The Industrial Minera of Japan. Indus- 
trial Minerals, No. 119, nux 1977, pp. 
Industrial Minerals. No. 110, N ος 1916, p. 42. 
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tons. The program included expanding 3 
existing works and the erection of 3 new 
works, bringing the total number of cement 
plants to 12. 

Philippines.—The Philippines exported 
719,000 tons of cement during 1976, 1296 
less than the 884,000 tons exported in 1975. 
The decline was largely due to decreased 
sales to Middle East-countries, which have 
been building their own plants to supply 
extensive on-going building programs. 

Domestic production for 1976 was given 
as 102,607,000 bags (4.8 million tons). 

Qatar.—The Qatar National Cement Co. 
planned to expand its plant at Umm-Bab 
from 200,000 tons to 300,000 tons per year. 
Future plans call for further expansion to 
900,000 tons per year. 

Saudi Arabia.—The 1976 cement-pro- 
ducing capacity of 1.3 million tons per year 
was expected to increase to 2.2 million tons 
per year in 1977, 3.1 million tons in 1978, 
and to 6.9 million tons by the end of the 
decade. All new capacity will be from dry- 
process kilns. | 

El-Kasseim Cement Co. contracted with 
the KHD Industrieanlagen unit of Hum- 
boldt Deutz for a turnkey cement factory 
valued at 235 million West German marks 
(US$93 million). It was to be located at 
Buraydah, 248 miles northwest of Riyadh. 
Operation was scheduled for 1980, with an 
annual capacity of 717,000 tons. A Swedish 
firm, Cementa, was awarded the contract to 
build a bulk cement terminal at the port of 
Yanbu. The terminal is to be capable of 
unloading and packing 700,000 tons per 
year. Scheduled for completion in 1978, it is 
intended to help relieve congestion at the 
port of Jidda. À new company, Saudi Bulk- 
handling Ltd., consisting of two Saudi Ara- 
bian partners and A/S Norcem of Oslo, 
Norway, planned to import bulk cement by 
means of two floating silos in the Arabian 
Gulf. 

Syria.—Total Syrian cement capacity in 
1976 was 1.7 million tons. This was expected 
to increase to 2.3 million tons in 1977 and to 
4.2 million tons in 1979. 

Taiwan.—Cement production in Taiwan 
totaled 9,644,000 tons in 1976, a 29% in- 
crease over the 1975 production figure of 
7,491,000 tons. This increase was largely 
due to the completion during the year of 
several expansion projects. Domestic de- 
mand was expected to have been around 8.5 
million tons, leaving an exportable surplus 
of over 1 million tons. Actual exports 
reached nearly 600,000 tons, going 


MINERALS YEARBOOK, 1976 


principally to Hong Kong, Singapore, and 
Saudi Arabia. 

There were 14 plants operating in Taiwan 
in 1976. The largest producer was Taiwan 
Cement Corp., which operated four plants 
with a combined capacity of 4.2 million tons 
per year. 

Thailand.—Several developments  im- 
proved of the Thai cement industry in 1976. 
The single most important factor was the 
investment by the Government of $300 
million to improve rural conditions. Other 
positive factors included the lifting of ce- 
ment export restrictions, a major con- 
struction program announcement by the 
National Housing Authority, and the Gov- 
ernment’s raising of price ceilings on dom- 
estic sales. Five cement companies had a 
combined. production capacity of 5.6 million 
tons per year. Production in 1976 was 4.5 
million tons, of which 4.3 million tons was 
domestically consumed and 666,000 tons 
was exported. 


Turkey.—Construction of a new 600,000- 
ton-per-year cement plant was scheduled to 
begin at Darende, Malatya, in east central 
Turkey. The cost of 500 million Turkish lira 
(US$31 million) was being raised by a new 
joint stock corporation. Equipment was to 
be supplied by local manufacturers. The 
Adana cement plant, Turkey's largest, was 
to be expanded to a capacity of 1.5 million 
tons per year by yearend 1977. 

United Arab Emirates.—Dubai began 
work on a 0.5-million-ton-per-year cement 
plant scheduled to come onstream in early 
1978. Abu Dhabi was completing con- 
struction of a 250,000-ton-per-year plant, 
which was to start production in 1976. In 
Ras αἱ Khaimah, a 250,000-ton-per-year 
plant was scheduled for completion in 1978, 
doubling the 1976 capacity of existing 
works. Sharjah was building a 200,000-ton- 
per-year-capacity plant to come onstream 
by 1977. 

Vietnam.—A contract for a cement plant 
valued at 19.57 billion Japanese yen (US$66 
million) was awarded to a Japanese-Danish 
consortium, consisting of the Mitsui Group 
and F. L. Smidth & Co., by the Vietnamese 
Techno-Import Agency. The plant is to be 
located between Hanoi and Haiphong. This 
was the first major plant contract in Viet- 
nam since unification in April 1976. 

Yemen Arab Republic.—According to 
Cembureau, a cement plant was erected at 
Bajil, near Hodeida, with a capacity of 
approximately 200,000 tons per year. 


CEMENT 


OCEANIA 


Australia.—Blue Circle Southern Cement 
Ltd. announced that it would proceed with 
the installation of a new, 827,000-ton-per- 
year, dry-process kiln to replace older units 
at Berrima, New South Wales. Completion 
was estimated for late 1978. The project was 
expected to cost 70 million Australian dol- 
lars (US$86 million), and included a 4,500- 
horsepower cement-grinding mill at Maldon 
and expanded quarrying and crushing faci- 
lities at Marulan. The cement market 
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in New South Wales of about 1.9 million 
tons per year was being partially supplied 
by cement from other States. There was 
virtually no growth in the market in 1975, 
but it had been increasing at an annual rate 
of 5% to 6% in previous years. Financing 
was jointly underwritten by APCM and 
Broken Hill Portland Ltd. 

Blue Circle Southern Cement Ltd. oper- 
ated four plants in New South Wales and 
one in Victoria. Total cement production in 
1976 was 6.2 million tons. 


Table 21.—Hydraulic cement: World production, by country 


(Thousand short tons) 
Country 1974 1975 19165 
North America 
επ RIPE ERE SENI RAND TORRE NE OR ERE RE SCENE EIER E RE ees Re 815 510 299 
Canadi u κα ποπ ομως ³WA. ðé a 11,436 10,763 10,858 
Costa Rica ou ell eer iuuat 0. LU ας M ALLE 328 364 399 
αμα Sono uoce ο cene . ß r2 000 2,296 62 200 
Dominican Republic |... ........................................-.........-..... 667 637 585 
El Salvador ——— ier menu LLL Sumu r321 355 366 
Guatemala ¾ ⁰ ˙ . ⁵ð³³A ö ð x ĩð ß 1341 429 491 
Ta 2 O ος S ο μοι κος σος ο εις NDS S 157 165 210 
Honduras 328 245 
Jamal AR f Ay A uum ³ A 1446 449 402 
ND o —"—— P —— ———Á——Á— 30 mrt u^ D 
677777/%!VVEG!!.!.!. c a e nisu 
PAHAH llinc c ³ A LLL EET 435 897 843 
inidad and Tobago ______________-______~________ -..... -. -. 261 281 261 
United States (including Puerto ΒΕἰοο)............- -.... „„ 82,888 69,721 74,495 
South America: 
λα D ucro LUN . D esL LE 5,944 6,023 6,296 
Bolivig 2 ⁵ « 1... 8 223 250 243 
Bran]... l2 w.. ³ðD w E 716,440 19,221 18,582 
e ttt Ae Ses E E 11,571 1.118 1.062 
. ο ο ĩð . wr yy LL I Ue ut Mt 8,840 ` 8,477 8,993 
CUO ο ⁰æ ⁰ ⁰¼t te D ως πες Sk Su 639 654 679 
Paraguay eerie ! es Ric ⁰⁰y uum e eee 114 152 238 
Se αιμα Le i a ß EAE 12,097 2,097 2,167 
Crags JJ) τος MERDA RU ο ...--εᾱς 608 702 745 
Vene αν ο ο αλ atc ος ας ³¹- . » q C v SN 3,851 3, 855 3, 900 
e 
rr h ³ AAA 612 €717 *882 
AUSTR u L S eo uL ᷣ y ⁰• .. ο σωμα 7,093 6,206 6,719 
Belgium uunc cto uie κο ⅛ 8,232 7,588 8,212 
P))... ²˙ 4444.4... ⅛ . E LEE 14,737 4,804 4,808 
Czechoslovakia ___ _ _ -...-...-.-...-.-.-...-........ -. ,884 10,251 10,529 
Denmark —  ———— ꝙ d E μπα IE ee u Six 2,747 2,466 2,596 
Επ ας τν το ο τὸ δν σκετς eee UR en ns Su a ako a 2,428 2,274 2,011 
ο o ß ß EE 135,649 32,615 32,401 
Germany, Bast —— . . ee 711,132 11,743 12,506 
Germany, West .................-------------------------------------------------- 9,658 86,945 37,649 
tl o MR pp A E a a a rq 738 8,565 9,628 
Hüngary ———— ß yy ß ß A ee 3,789 4,144 4,738 
J; ⅛5;v ds“, õ¶õyꝗydd m Kd yd 171 181 1 
%%%; ³˙ AA.. ͥͥ ⁵⁰⁰⁰y A 88 11,693 1.720 51,516 
(CL ολα Ctt PRIUS 40,024 37,738 40,039 
Luxembourg ~- -—--------------—---—----——-————— 409 431 378 
Netherlands .— ³ w AA cu Euer 4,506 4,085 8,837 
παν. τς ũ ee a E uM 2,907 2,994 2,948 
Poland 22 24 n os y y ß ee eS nas as 18,480 20,398 21,826 
Portugal 5.01 200 e iL LLL MS CC 13,733 8,800 3,854 
/ Z u ο rt y IANUE re 12,840 12,699 13,831 
Spain (including Canary Islands) 724,514 26,422 27,780 
cyt | n obs rt tri οι OE d μμ σα 3,648 3,440 3,084 
Switzerland .......................................-...-............................. r5.190 4,150 3, 
USSR ο τς εώς ο ων ος 8 7T126,925 134,482 136,651 
United Kingdom .....................---- ------------.----.-.-------------.-.. 19,603 18,625 16,865 
% ³»’¾ ³ ot... ͥ ͥ ͥ ⁰⁰ 0d h½½ .¹mn κοκ 7,327 7 8,396 
iro i 1,037 1058 1,548 
ΤΊ8 ------------------------------------------------------------------------------ , ’ 
Angola ο ih ae ee URNAM 838 717 72 


See footnotes at end of table. 
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Table 21.—Hydraulic cement: World production, by country —Continued 


(Thousand short tons) 
Country 1974 1975 19165 
Africa —Continued 
Cameroon 2 oL ee i a ee 1234 277 276 
Cape Verde Islands _ eu t „„ 4 οι *4 
ES ig DEMENS PEDRO CREME DUE NEMO METER 8,598 8,955 3,631 
T Lo cn PEE ⁰⁰õ⁰ꝗdgd t Sa AE O dO 127 112 121 
Ghana MEMMIUS r574 758 772 
Ivory Cot ˙i ως ¼¼mmm. 8 T693 794 *882 
, d —— 944 989 1,064 
)))). UE ο UL NIC 8 τος 99 *99 
MIS ο ss sss FFF 557 (q "S 
// ³˙§ iii ⁰ T98 127 90 
Mali. 2 μασ μι νο παω Rt n M ra hee Ls cie 46 54 *55 
Moroco ο ας mee E y y 92110 2,235 [8 
Mozambique . e ß uu E d 513 358 1 
Niper s MERE REMEDIES 23 19 40 
Nigora ulcus o¹Aſſſͥ d c ο M LL asa 2 ΤΙ 329 1,524 1 δ48 
Rhodesia, Soutber nn: 83 146 596 
ο. νο μμ ων ⁵ðV ſ00ſ ουν μασ OES IRE A Bee 89 419 
South Africa, Republic of ..............--.----.---.--------.---.----.-.-----.-.-.. 8,048 7,910 1,987 
Sodan- cean a a (r ß y ος AU 881 154 143 
Tanzania uc ee ĩ⅛·W.. ͤã ⁰ͥðꝙydaem nre uel a DE. 826 293 266 
IOO ls res pft LI c s NE 7142 198 184 
Tun — co cu ce Ete μισώ κα *593 679 527 
DUSSDUÉ o ocn teu er cce Zaa 88 169 108 
// 51. sag ee ⁵ ð dſſſdſſdſſꝗ usss QUEEN NO a u DCN DE 1685 692 9694 
Zambia cae -.. a LC M UBL eA M LLL T489 498 9424 
p ME 166 162 *184 
))) 8 96 141 241 
e : „% ἃ 
China, People’s Republic off 27,560 33, 100 88,600 
ο ναι ισα WAS λος CRAS y ß ONERE 878 675 1,131 
ong Kone ο κ an Se 633 
πι πο EAE sau eI σι Added d E Be Z A EE 15,745 17,895 20,892 
Indonesia e pp E 916 1,187 : 
ο πιω ͥ ποιο μοι S EA 4,986 5,919 96,068 
qe OM 88 12.001 976 2,629 
ως ώμο απ ου ο ⁰y y 1980 2419 
πες τος τος ο e A Lael ο αλ E ες 80,588 12,220 15,142 
7%7%%%%%/VVꝙꝙVVCͥõͥĩÜͤÜ%[ oi ð :: μα ο mutet 657 631 
Khmer A 1 σας i ER ο Sr UE ORTUS OF Rot 55 55 55 
Korea, North 6,600 6,600 6,600 
Korea, Republic ___________-______________________- 9,747 11,165 13,088 
παν z-as oou D Su ⅛ K asua y y Lim c ILES 252 314 
CCC»: A ee Da 1.922 1.818 1, 874 
Cͤ— ο éé— . PIS RUNE 1.504 1.594 1917 
Mongolia ος ο ο ³ ddddd/ſã w: y eas 188 145 176 
Ric ο το οι oss 7 10 13 
PPC ος ο RR RES RHENO M AER CEDAR PORE T9,825 8,379 8,413 
PhilDDIDES nouum cuc eru E ZZ 2 3, 1 4,700 
r 184 181 190 
Saudi Arabia _ 4444„«„„44„ͤ „ %? ꝛ 11,164 91,548 *1,322 
Singapore ου ee i cni Ai I LL 1,157 1,240 *1,488 
BH Lanka 5 ae ea ie y 5 
da pmo d 8 1,064 1,096 1,224 
! = Sus e v y S 8 6, 7,491 9,644 
Thailand ned e n S ͤ0ͤ0ͤ Me eae I 88 4,824 4,864 4,526 
ακους ο uec AOL LL D E 99,846 11,966 18,609 
Vietnam? `- Lu iue Ax c ALL Li E 771 772 772 
:!:!!! ³ꝛÄ οπως ακομα 66 66 *66 
Oceania: 
TDP:: ̃˙ o Leurs m · dh ELA ELLE orm 3 6,176 
New Caledonia ......................-.----------------------.-.-.-................. | 73 66 *66 
New Zealand —— a et ⁰⁰⁰⁰ LE i eu 1,224 1,184 1,101 
Total. ck ̃ ̃ Tr 7715,183 774.277 811,502 


*Estimate. Preliminary. ‘Revised. 
1Year beginning March 21 of that stated. 
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Cement Manufacture.—Resoarch and de- 
velopment efforts focused largely on means 
of improving energy efficiency in the manu- 
facture of cement and efficient uses of 
cement in concrete products and structures. 

Municipal refuse, mixed with coal, was 
first used to fire a cement kiln at the APCM 
plant in Westbury, Wiltshire County, 
England.” The system developed by APCM 
first pulverizes, then screens the refuse. 
When blown into the kiln at high velocity, it 
is completely oxidized. It was anticipated 
that by adding approximately 6% refuse to 
coal by weight, a 3% to 4% savings in coal 
would result. Four to 5 tons of pulverized 
refuse is calculated to have the same energy 
content as 1 ton of coal. In addition to the 
energy recovery potential of the process, 
alkaline flue emissions normally associated 
with cement manufacture are to some ex- 
tent neutralized by acid gases produced by 
the refuse incineration. The process, re- 
portedly, does not affect product quality. 

Humboldt-Wedag Co. of West Germany 
completed an investigation into a new 
clinker-grinding system designed to be more 
energy-efficient than the closed-circuit, two- 
compartment tube mill. According to 
Humboldt-Wedag, very fine particles that 
are returned from the classifier interfere 
with grinding performance. The new pro- 
posed grinding system feeds the product of 
each compartment of the tube mill into a 
coarse classifier assigned to that compart- 
ment. Each classifier delivers coarse mate- 
rial, free of fines, back to the individual 
compartments of the mill and routes the 
fines from each classifier to the next coarse 
classifier. A final stage of coarse and fine 
classifiers supplies the finished product. 

Dyckerhoff Zementwerke, A.G., of Wies- 
baden, West Germany, conducted a study to 
determine clinkerability of cement raw 
meal. Experiments were conducted control- 
ling temperatures or burning times. ''Clin- 
kerability," it was determined, depends on 
fineness of grind, homogeniety, and lime 
and silica content, and is influenced by the 
Δ relationship of the bur- 

ing process.?5 

Dyckerhoff Zementwerke also installed a 
computer- operated continuous sampling de- 
vice and control system. Supplied by Poly- 
sius, A. G., the system analyzes fluctuations 
in the raw mix with a computer-calibrated 
X-ray fluorescence apparatus. The system 


provided improved homogeniety of the raw- 
meal composition and allowed more uni- 
form kiln operation.“ 

A precalcining system using pelletized 
feed, developed by Steven Gottlieb of Aus- 
tralia, had been licensed to Heyl & Patter- 
son of Pittsburgh, Pa., for design, sale, and 
installation in the Western Hemisphere. 
The system uses hot kiln gas and supple- 
mental heaters in a precalciner to increase 
productivity of existing kilns. Alkalies are 
removed in a high-velocity gas flow and 
collected by an electrostatic precipitator.”’ 
No installation had been made or planned 
in North America. 

A new British standard, BS4982, Stand- 
ard sizes of refractory bricks for use in rotary 
cement kilns, Part 2, Fireclay and high 
alumina refractories, prescribes sizes of re- 
fractory bricks for use in rotary kilns that 
produce cement clinker. The Cement Mak- 
ers Federation and British refractory 
brick producers participated in its pre- 
paration. The standard was intended to 
reduce the number of shapes of refractory 
brick being produced. Nomograms append- 
ed to the standard give the approximate 
number of bricks needed for different kiln 
diameters. 

Blended Cements.—The use of blended 
cements containing fly ash and slag receiv- 
ed increased attention as part of the push 
toward energy conservation and as a means 
of waste product utilization. À program 
sponsored by the Federal Energy Adminis- 
tration to examine the feasibility of inter- 
grinding fly ash, slag, and kiln dust, was 
undertaken by the Southwest Research In- 
stitute and General Portland Inc.“ This was 
reported on at the Fourth International 
Ash Utilization symposium in March. It 
was projected that 2 million tons per year of 
coal and 14,000 tons of raw materials could 
be saved by 10% fly ash substitution in any 
Type I cement. A major obstacle to the use 


nman, R. Refuse Used As Fuel Source. Rock Pro- 

is 79, 79, No. 6, June 1976, pp. 83-84. 

Industrial Minerals. No. 105, June 1976, p. 12. 

25[ronman, R. International Report. Rock Products, v. 
79, No. 10, October 1916, p. 26. 

26Work cited in footnote 25. 

27 Rock Products. Rock Newscope. V. 79, No. 10, October 
1976, p. 17. 

Heyl & Patterson, private communication. 

28Stearn, E. W. Blended Cements Make Gains—But 
Slowly i Rock Products, v. 79, No. 10, October 1977, 
pp. 
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of blended cements was lack of applicable 
tests and standards. 

Researchers at the National Bureau of 
Standards, under sponsorship of the Energy 
Research and Development Administration 
(ERDA), worked toward the development of 
standards for Type IP and Type IS cements. 
Bureau of Standards scientists reported 
that fly ash cement might be an acceptable 
substitute for any type specified by the 
American Society for Testing Materi- 
als (ASTM) except Type III (high early 
strength), if restrictive ASTM specifications 
were modified to conform with new re- 
search findings relating to performance of 
the blended cements. 

Opinion was divided among cement pro- 
ducers regarding the economies of fly ash 
cement. According to Rock Products maga- 
zine, 18 States permitted use of Type IP 
cement for some uses. Several firms used 
ash as a replacement for shale. 

At the National Ash Association, 4th 
International Ash Utilization Symposium, 
St. Louis, Mo., March 24-25, 1976, Leon 
Trief, a Belgian chemist, described a fly ash 
cement that he had developed. The product, 
which incorporates 70% fly ash, reportedly 
requires one-third the capital investment 
for its manufacture compared with conven- 
tional cement. Further, it is claimed that 
only one-half as much energy is required 
and that iron and unburned carbon can be 
profitably recovered. In the process, blended 
raw materials (fly ash and limestone) are 
heated to 1,430° C. The resulting slag is 
quenched by pressurized water to form a 
granular material which is, in turn, wet 
ground to a diameter of less than 10 mi- 
crometers with a specific surface of greater 
than 10,000 square centimeters per gram. 
The product, according to the developer, 
cures more fully and faster than conven- 
tional cement, develops high overall mecha- 
nical strength, has high resistance to chemi- 
cal attack, and low heat of hydration. A 
pilot plant was being planned to produce 
165,000 tons per year at Liège, Belgium. 

Direct utilization of ash in concrete pro- 
duction also increased during the year. 

Slag cements were produced in the Neth- 
erlands, Belgium, and Iran. Nihon Cement 
Co. in Japan studied plans for new cement 
and slag aggregate facilities. 

The PCA, in continued testing of Type IP 
cements, determined that, in comparison to 
Type I, they exhibited similar freeze-thaw 
resistance and strength development and 
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showed somewhat less drying shrinkage, 
but were slightly less resistant to deicer 
scaling.*? 

New Cements.—A quick-setting specialty 
cement was developed containing powdered 
wollastonite and buffered phosphoric acid. 
It sets in less than 30 minutes, is water 
insoluble, and develops a compressive 
strength of over 7,500 pounds per square 
inch within 4 hours. Potential applications 
include highway patching, cement pipe, 
sprayable foam insulation, flame-resistant 
coatings, etc. 

A high-strength cement was developed 
and put to use in the construction of Chica- 
gos Water Tower Place. The 76-story 
structure incorporated cement capable of 
strengths up to 8,000 to 10,000 pounds per 
square inch. Additional new technology was 
required to proportion cement and light- 
weight aggregates for use in the upper 25 
stories of the building. 

A plant to produce cement from the ash 
of burned rice husks was set up in a village 
in India. Aau, in the Banda District, has the 
first facility which makes what is reported 
as an architecturally attractive and struc- 
turally sound cement from this waste pro- 
duct. An advantage to rice husk cement, in 
addition to low cost, is acid resistance repor- 
tedly superior to that of portland cement. 
The average Indian rice crop supplies 
enough husk to provide about 2.5 million 
tons of the cement per year. 

Concrete.—Research in improved con- 
crete products included the use of steel 
fibers to increase shock resistance for pave- 
ment resurfacing; and thick, unreinforced 
concrete in highways. In addition, concrete 
railroad ties and concrete long-span bridges 
were tested; more than a dozen such bridges 
were on the drawing boards as a result of 
testing of a structural model by the PCA. 

A manufacturing-plant package for pro- 
ducing a new fiberglass-reinforced concrete 
sheet was being offered to manufacturers in 
the United Kingdom. The package included 
machinery, installation, training, and start- 


?9Chemical and Engineering News. New Cement Uses 
E Ash, Costs Less To Make. V. 54, No. 14, Apr. 5, 1976, p. 

39Perenchio, W. F., and P. Klieger. Further Laboratory 
Studies of Portland-Pozzolan Cements. Portland Cement 
Association Research and Development Bulletin 
RD041.01T, 1976. 

S1American Ceramic Society Bulletin. V. 55, Νο. 11, 
November 1976, pp. 983-985, 988. 

The Medusa Mirror (Medusa Cement Co.) Medusa 
Corp., Cleveland, Ohio, winter 1975-76, pp. 1-4. 
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up. The reinforced concrete sheets are made 
from a cement slurry and alkali-resistant 
fiber that are sprayed onto a moving con- 
veyor. The panels can be curved into three- 
dimensional shapes, grooved, or provided 
with openings. The panels can be used for 
earth-retaining segments, gutters, roofing, 
walls for swimming pools, and fire-resistant 
building construction. The alkali-resistant 
glass fiber was to be marketed in the United 
Kingdom. The product was to be used in the 
manufacture of a new fiberglass-reinforced 
concrete pipe. The United Kingdom has 
also reported development of a new con- 
crete pump for small users. ACS Engineer- 
ing developed a unit capable of pumping 
concrete with 3/4-inch aggregate up to 60 
feet vertically and 100 feet horizontally or 
250 feet horizontally only. 

A joint company, Dytam, formed by 
Tampimex Oil, a British subsidiary of In- 
gram Corp. of New Orleans, La., and Dyck- 
erhoff & Widman of Munich, West Ger- 
many, announced the design of a concrete 
ship to carry liquid natural gas (LNG) from 
Middle Eastern countries and Indonesia to 
North America, Europe, and Japan. LNG is 
viewed by some as a major energy resource 
for the 1980's. Between 60 and 100 new LNG 
carriers may be needed during the coming 
decade. The concrete design reportedly has 
been shown by extensive computer studies 
to be superior to steel-hulled counterparts 
in fatigue strength, corrosion resistance, 
maintenance costs, and ability to withstand 
the very low temperature of the gas (-160* 
C) as well as the impact of collision or 
explosion. Furthermore, the cost of con- 
struction should be 15% less than for a 
steel-hulled ship of the same capacity. The 
entire hull would be a  monolithic 
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construction of prestressed concrete, 
reinforced longitudinally transversely. Its 
length is envisioned at 950 feet, with a 
capacity of 4,507,520 cubic feet of LNG.*5 

A marketing agreement was signed 
between Giba-Geigy (United Kingdom) and 
Kao Soap of Japan to market a concrete 
additive in Europe, Africa, and the Middle 
East. The additive is to be used in pro- 
duction of flowing and high-strength 
concretes, fluid mortar, and grouting.** 

The British Department of Energy 
announced a 2-year research program test- 
ing the use of reinforced and prestressed 
concrete as a structural material for 
offshore platforms, particularly in the hos- 
tile North Sea environment. Fatigue 
strength of large prestressed concrete tow- 
ers under stress by varying sea and wind 
loads is one of the areas being investigated. 
Other areas include materials research re- 
lating to corrosion and temperature effects 
on concrete structures exposed to seawater, 


and investigations of failure modes of 


concrete platforms.*” 

A new British standard, BS5328, Methods 
of Specifying Concrete, was issued by the 
British Standards Institute. The standard 
distinguishes between performance and pre- 
scription specifications.“ 

An increase in the use of manufactured 
sand (stone sand) in portland cement 
concrete was reported. 


S3Financial Times (London). Oct. 4, 1976. 

Financial Times (London). June 15, 1976. 

35Financial Times (London). Apr. 10, 1976. 

3éFinancial Times (London). Feb. 23, 1976. 

5] ondon Times. Feb. 27, 1976. 

38Financial Times (London). Dec. 4, 1976. 

39 Aikin, H. B. Stone Sand For Concrete. Pit & Quarry, 
v. 69, No. 6, December 1976, pp. 109-111, 114. 
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Chromium 


By John L. Morning? 


The year was marked by the first domes- 
tic production of chromite since 1961, 
although the output was small. Demand for 
chromium alloys increased substantially 
over that of 1975 but failed to reach the 
level of 1978-74. Chromite ore prices held 


their gains of 1975, while those of chromium . 


alloys decreased as increased imports and 


Stocks put pressure on prices. The Republic 
of South Africa's ferrochromium production 
capacity continued to grow as a new plant 
came onstream late in the year, and addi- 
tional capacity was announced as being 
under construction. The South African Min- 
erals Bureau estimated that the country's 
chromite reserves, to a depth of 300 feet, to- 
taled 3.4 billion short tons. 


Table 1.—Salient chromite statistics 


(Thousand short tons) 
1972 1978 1974 1975 1976 

United States: 
Nee ae UE: 20 21 18 139 124 
2 2 ANDE DR ane rok SII 2 CUN UAE 84 99 45 85 
Imports for consumption __ _ _ _ l 1, 951 1,102 1,252 1,215 
Consumption ο ο το Z MEAE 1,140 1,887 1,450 881 1,006 
Stocks, Dec. 31: Consumer 85 597 578 952 1,009 
World: Production __ | _ -..-. ---. -.-. 6,725 7,81 "8,244 9,071 9,492 

"Revised. 

Legislation and Government  Pro- vices Administration, are shown in table 2. 


grams.—Government chromium material 
inventories are shown in table 2. Included 
in the inventories as material sold but 
unshipped were chemical-grade chromite, 
98,000 tons; refractory-grade chromite, 
305,000 tons; and metallurgical-grade chro- 
mite, 580,000 tons. Deliveries of chromite 
from prior-year sales of stockpile excesses 
included the following: Chemical-grade 
chromite, 22,048 tons; refractory-grade 
chromite, 180,215 tons; and metallurgical- 
grade chromite, 109,408 tons. 

During the year, no chromium material 
was available for sale from government 
stockpile excesses. Congressional authori- 
zation was required for disposal of mate- 
rials | 


N ew stockpile goals for chromium mate- 
rials, established in October by the Federal 
Preparedness Agency of the General Ser- 


These goals were based on a material stock- 
pile capable of supporting U.S. defense re- 
quirements for a major war over a 3-year 
period. 

At yearend 1975, the U.S. Department of 
the Treasury made a final countervailing 
determination in the case of ferrochromium 
from the Republic of South Africa and held 
that no bounties or grants were being paid 
on the production or exportation of ferro- 
chromium. However, in January a domestic 
concern gave notice that it desired to con- 


` test the determination before the U.S. Cus- 


toms Court. No action was taken in 1976. 
The US. Environmental Protection 
Agency (EPA) issued the first national 
Standards for Federal air pollution con- 
trol, covering new and modified ferroalloy 


I Physical scientist, Division of Ferrous Metals. 
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production plants. Emission of particulate 
matter is limited to less than 0.51 pound 
per megawatt-hour for furnaces producing 
chromium alloys. 

Producers of ferroalloys at a special 
Trade Policy Staff Committee (Office of 
Special Representative for Trade Nego- 
tiations) hearing urged the restoration of 
duties on seven ferroalloys classified for the 
General Systems of Preferences (GSP). Un- 
der the GSP, ferrochromium imports from 
Brazil, Yugoslavia, Taiwan, and Turkey 
enterod duty-free. The GSP went into effect 
January 1, 1976, and is reviewed annually. 
No change was made in 1976. 

A preliminary report on the demand and 
supply of nonfuel minerals and materials, 
including chromium, for the U.S. energy 
industry, in 1975-90 was published by the 
U.S. Geological Survey.? Policy implications 
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of producer-country supply restrictions on 
the world chromite market were the subject 
of a report prepared for the Nation- 
al Bureau of Standards? The report 
discussed various aspects of chromium, in- 
cluding supply and demand of chromite, 
supply disruptions, potential adjustments in 
chromite use, welfare losses and optional 
policies, and past crises in the chromite 
market. 

Under a contract from the Office of Min- 
eral Policy Development, U.S. Department 
of the Interior, an econometric model of the 
world chromite industry was prepared.* The 
specific structure of the, model assessed 
supply and demand on a worldwide basis as 
well as stocks and prices. According to the 
report, the basic model can be used to 
forecast market behavior from 1975 on. 


Table 2.—U.S. Government chromium stockpile material inventories and goals 


(Thousand short tons) 
Inventory by program, Dec. 31, 1976 
Goal Defense Supple- 
3 Production men Total! 
stockpile 
Chromite, chemical- grade 734 z m 348 
Chromite, metallurgical- grade 2,550 2,164 580 823 8,067 
Chromite, refractory- grade 642 601 e 108 705 
Ferrochromium, high-carbon______ _ ------ 236 126 E 216 409 
Ferrochromium, low- carbon 124 128 in 191 819 
Ferrochromi Hn cols 69 26 ea 83 58 
Chromium meta! „ 10 ric mit 4 4 
Data may not add to totals shown because of independent rounding. 
DOMESTIC PRODUCTION 


Domestic mine production of chromite 


ceased in 1961 when the last Government. 


Defense Production Act contract was 
phased out. Production on a small scale was 
restarted in 1976 when Marmac Resources 
Co. rehabilitated the Butler Estates mine 
and mill near Coalinga, Calif. Most of the 
usable output was exported because of high 
transportation costs to domestic markets. 
Although domestic chromite production 
was small, the United States continued to 
be a substantial chromite consumer in pro- 
ducing chromium alloys, refractories, and 


chemicals. The principal producers of these 
products follow: 


"^ Albers, J. P., W. J. Bawiec, and L. F. Rooney. Demand 
for Nonfuel Minerals and Materials by the United States 
T WD 1975-90. U.S. Geol. Survey Prof. Paper 


1006-A, 1976, 19 N 
Goudarzi, G L. F. Rooney and G. I. Shaffer. Supply 
d — Minerals and σος. for r the United States 
1006-B, 1976, 37 pp 
SNational Baresi of Standards. Policy Implications of 
Producer Country Supply - eater € the 
53 Techno 
4.35960, August pp. 


or Office 
ment, ουσ of the 


Poli 
uix. CRA Rept. 250, November 1976, 190 pp. 
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Company 
Metallurgical ind 


Airco Alloys, Air Air Reduction c 


. Rud ασ κος 


Chromi 
Foote Mineral 


e Refractories (a division of Dresser 


ustries, Inc.) 
Kaiser Aluminum & Chemical Cork 


Airco Alloys, a division of Air Reduction 
Co., Inc., announced a shifting of its empha- 
sis on production of ferroalloys in the 
United States and Sweden. Additional fer- 
rosilicon capacity came onstream at Niaga- 
ra Falls, N.Y., during the year, and a 40,000- 
kilowatt ferrochromium furnace at Charles- 
ton, S.C., was upgraded to 60,000 kilowatts. 
In Sweden, the firm was converting two 
furnaces from ferromanganese to ferrochro- 
mium production. Although ferroman- 
ganese output was not reduced in the 
United States, more emphasis was to be 
placed on silicon and chromium alloys. 

Interlake, Inc., announced that it was 
entering the blocking-chromium and high- 
soluble-chromium markets. Two grades of 
each type of alloy were offered for sale. 

Union Carbide Corp. announced that 
between 60% and 70% of the output of the 
new Tubatse ferrochromium plant in the 
Republic of South Africa would be mar- 
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keted in the United States. When ship- 
ments start arriving in 1977, the firm plans 
to convert one of its two chromium- 
producing furnaces to ferromanganese pro- 
duction. 

Foote Mineral Co. discontinued ρτο- 
duction of special proprietary chromium 
alloys because of environmental consider- 
ations. Foote planned to stock most of its 
H.S. Chrome 50 and V-5 Foundry Alloy 
throughout 1976. 

Consolidated Rail Corp. (Conrail) reduced 
ferroalloy freight rates in November. This 
reportedly was done to meet competition 
from highway carriers and enable domestic 
producers to compete with imported alloys. 
The rate change amounted to an average 
reduction of $6 per ton for many source- 
destination combinations. The new rates 
applied to chromium, manganese, molyb- 


denum, nickel, and silicon. 
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Table 3.— Production, shipments, and . chromium ferroalloys and chromium 
me 
(Short tons) 
Production Ship- Producer 
Alloy Gross Chromi stocks, 
weight content ο Dec. 81 
1975: | 
1 ὃς nm E 
P! . Ses f 
Ferrochromium silicyae ns 52,508 19,467 41,590 12,854 
Other οπου σοκ σα σοι LLL u azu 24,296 14,880 22,426 4,999 
„ πασοκ μον 248,598 149,798 229,272 78,856. 
1916: 
Low-carbon ferrochromium ..---------.-----.-- -. -.-. -- -- -.-..-.. -. 29,886 19,686 1 11,894 
High-carbon ferrochromium — _ _ _ _ _ 162,577 105,287 164,088 68,294 
Ferrochromium-silicon .. .......---------------------------------- 55,828 19,776 51,867 16,785 
ο πα dd LL e e 19,889 12,909 20,218 4,643 
Toul ncc ee 261,130 157,608 269,264 96,116 


5 chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium 


oys. 


CONSUMPTION AND USES 


Domestic consumption of 1,006,000 tons of 
chromite ore and concentrate containing 
about 289,000 tons of chromium was 14% 
above that of 1975. Of the total chromite 
consumed, the metallurgical industry used 
59.8%; the refractory industry, 20.1%; and 
the chemical industry, 20.6%. The metallur- 
gical industry consumed 596,850 tons of 
chromite containing 177,000 tons of chro- 
mium in producing 267,130 tons of chro- 
mium alloys and metal. About 52.0% of the 
metallurgical-grade ore had a chromium-to- 
iron ratio of 3:1 and over, 17.6% had a ratio 
between 2:1 and 3:1, and 30.4% had a ratio 
of less than 2:1. 

Chromium has a wide range of applica- 
tions in the three primary consuming in- 
dustries. In the metallurgical industry, its 
principal use was in stainless steel. Of the 


total chromium alloys consumed, stainless 
steel accounted for 70%, full-alloy steels 
for 16%, high-strength low-alloy and electri- 
cal steels for 4%, and carbon steels for 
1%. Total chromium alloy consumption 
increased 24% above that of 1975. 

The refractory industry utilized chro- 
mium in the form of chromite primarily for 
manufacturing of refractory bricks to line 
metallurgical furnaces. Consumption of 
chromite for refractory purposes increased 
10% compared with that of 1975. | 

The chemical industry consumed chro- 
mite for manufacturing sodium and potas- 
sium bichromate, which are base materials 
for a wide range of chromium chemicals. 
Chromite consumption in this industry in- 
creased 25% compared with that of 1975. 


Table 4.—Consumption of chromite and tenor of ore used by primary consumer groups 


in the United States 
Metallurgical Refractory i 
industry industry industry Total 
Gross Gross Gross Gross 
Year weight ie weight “weight ͤ “weight — ^er 

sand (per- sand sand (per- sand 

vash cent) ees cent) uenis cent) oes cent) 
1972 727 47.9 224 85.9 189 45.1 1,140 45.2 
1973. 920 48.1 281 35.0 206 45.3 1.887 45.2 
19744. 904 47.0 295 85.2 251 44.8 1,450 
1975. 582 44.6 188 84.5 166 44.9 881 42.5 
1976_____ 597 43.4 202 85.0 201 44.8 1,006 42.0 
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Table 5.—U. S. consumption and consumer La of chromium ferroalloys and metal in 
1 


(Short tons, gross weight) 
Low- i 
Ferro- 
: silicon 
chromium ` chromium 
Steel: 
Stainless and heat resisting _________ 49.942 116.306 61577 οὐδὲ 290520 
. A EE NE. 
Tod ας ος 1,015 3,749 18 4,907 
Cast irons ~... 1,049 9,142 201 496 10,888 
Su ONE σος ͤ 8,425 291 1,840 10,447 
* — steels and super- 
and rods 
MIL Em B M 1 E g 
Miscellaneous and unspecified ___________ 3,057 7 75 61 
NUNC ³ĩVA3 ³o·¹¹¹ 18,894 887 69,617 314,750 416,598 
Chromium content 54,065 159,480 507 9,207 248,259 
Stocks, Dec. 81, 1976 __ _ ccc. 10,100 52,558 8,995 38,300 69,948 


W Withheld to avoid disclosing individual company confidential data, included in "Miscellaneous and unspecified." 


Includes ic and nonferrous alloys. 
*Includes 3,790 tons of chromium metal. 
* Includes 889 tons of chromium metal. 


STOCKS 


Although demand for chromium in 1976 
was substantially stronger than in 1975, a 
high level of chromite and ferrochromium 
imports increased industry stocks. Total 
industrial chromite stocks increased 6%. 
Stocks in the metallurgical and chemical 
industries increased 9% and 14%, re- 
spectively, while stocks in the refractory 
industry decreased 12%, compared with 
those of 1975. Consumer chromium alloy 
stocks increased 3%, and producer stocks 
increased 22%. Combined consumer and 
producer chromi-m alloy stocks totaled 
nearly 175,000 tons at yearend, equivalent 
to about a 4 months’ supply at the 1974 
consumption rate. A considerable tonnage 
of chromium alloys was in the hands of 


traders at yearend. 

Stocks of chromium chemicals (sodium 
bichromate equivalent) at producer plants 
increased from 15,205 tons in 1975 to 16,257 
tons in 1976. 


Table 6.—Consumer stocks of chromite, 


December 31 
(Thousand short tons) 

Industry 1972 1978 1974 1975 1916 
— 160 1M 169 Isi 136 
Chemical - % 1 6 NN 111 
Total 857 597 573 952 1,009 


Table 7.— Consumer stocks οἵ chromium ferroalloys and chromium metal, December 31 


(Short tons, gross weight) 
Product 1972 1978- 1974 1976 1976 
Low-carbon ferrochromium 2. - 2222222. 10,666 15,802 14,987 10,974 10,100 
High-carbon ferrochromium — _ _ - 12,061 24,162 25,280 50,076 
Ferrochromium-silicon ........---------------------------------. 8,991 6,740 10,227 4,418 5 
DUE a ee ee 1,804 1,752 8,808 2,852 
JJ%%/%ôͤ»ͤmm“]!à!! LS ee uide 21,422 48,456 58,747 67,820 69,948 


1Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium 
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PRICES 


Published prices of Turkish and Soviet 
chromite, which more than doubled in 1975, 
held at the same level throughout 1976. 
Soviet chromite was quoted at $150 per 
metric ton, Black Sea ports; Turkish chro- 
mite was quoted at $132 to $142 per long 
ton, Turkish ports. The published price of 
$37 to $52 per metric ton for South African 
Transvaal chromite during the second half 
of 1975 narrowed to $36 to $42 per ton at the 
beginning of 1976. In August, the price rose 
to. $38 to $46 per metric ton for the balance 
of the year. 

Although demand for chromium alloys 


holdings of producers, consumers, and trad- 
ers lowered prices for chromium alloys. 
The price of U.S. charge chromium de- 
creased 7 cents per pound of chromium 
during the year, while the price of imported 
charge chromium decreased about 11 cents 
per pound of chromium. The prices of all 
grades of low-carbon ferrochromium de- 
creased significantly during the year. The 
price of both types of. chromium metal, 
which began the year at $2.44 per pound, 
was increased 16 cents per pound in Octo- 
ber. Prices of chromium alloys and metal as 


increased over that of 1975, the large stock published in Metals Week follow: 
Material January December 
Cents per pound of chromium 
U.S. charge chromium _ - —- —— - -- -- «„ 50 43 
U.S. high-carbon ferrochromium ~~~. ~~ ~~~ -. -. -.-..-.-. -.. -. 54-61 61 
Imported charge chromium |... 22222222222 L2 -.-----. „ 44-50 85.6-87 
U.S. low-carbon ferrochromium (0.05% carbon) — — - ~~~ --. -. -..--. -.-.. -.. -. 92-120 85 
U.S. low-carbon ferrochromium (0.025% carbon) „„ 97 85 
Imported low-carbon ferrochromium (0.05% carbon 73-88 68-72 
Simplex (low-carbon)___ ...........- -.. ..-..-.....-..-----.....---.-..- ---..-. -.-.-..-- -..-..-..-..-..-..-.. -.. 92 85 
Cents per pound of product 
Aluminothermic chromium metal .......... ..........-.-.-.--------.-- -.-.-.-......-.-.. -.-.... -..-. 244 263 
Electrolytic chromium metal... „„ „„„„„„ 244 263 
FOREIGN TRADE 


Exports of chromite decreased 11% and 
reexports increased 89%, compared with 
those of 1975. Sweden received 4960 of the 
exports followed by the Netherlands, 28%; 
Japan, 9%; and Mexico and Canada, 7% 
each. Three other countries received small 
quantities. Reexports of chromite totaling 
nearly 85,000 tons were made primarily to 
Mexico, 45%; Sweden, 25%; Canada, 17%; 
and the United Kingdom, 11%. Two other 
countries received the balance. 

Ferrochromium exports totaled 18, 563 
tons valued at $8.8 million, went to 15 
countries, and were about the same as those 
of 1975. The leading recipients were Cana- 
da, 53%; the Netherlands, West Germany, 
and Italy, 8% each; and Brazil and Sweden, 
6% each. 

Chromium and chromium alloys 
(wrought and unwrought) and waste and 
scrap exports totaled 594 tons valued at 
$11.9 million. Of the 32 countries receiving 
shipments, Jamaica accounted for 27%, 
Canada for 14%, Israel for 11%, and Ar- 
gentina and France for 7% each. 


Exports of pigment-grade chromium 
chemicals totaled 456 tons valued at $1.1 
million. Japan (53%) and Canada (25%) 
were the principal recipients among the 22 
countries receiving shipments. Exports of 
non-pigment-grade chromium chemicals to- 
taled 3,623 tons, 78% higher than in 1975. 
Total exports were valued at $5.5 million. 

Exports of sodium bichromate were 35% 
higher than in 1975, totaling 14,280 tons 
valued at $6.4 million. Canada (40%), the 
People's Republic of China (12%), Colombia 
(10%), the Republic of Korea (8%), and 
Argentina and Japan (7% each) were the 
leading recipients of the 29 countries re- 
ceiving shipments. 

Imports of chromite increased 2% in 
quantity and 16% in value compared with 
1975 totals. Imports of chromite from Fin- 
land and the Republic of South Africa 
increased significantly, while those from 
the U.S.S.R., Southern Rhodesia, and the 
Philippines dropped sharply. Chromite was 
received from Sweden as a reexport since 
Sweden does not produce chromite. 
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Although imports of low-carbon ferro- 
chromium were about the same as in 1975, 
imports of high-carbon ferrochromium 
decreased 3196. Imports of the two grades of 
ferrochromium totaled 243,000 tons valued 
at $125 million. Japan supplied 45% and 
the Republic of South Africa 17% of the 
low-carbon ferrochromium.  High-carbon 
ferrochromium was supplied primarily by 
the Republic of South Africa (42%), South- 
ern Rhodesia (22%), Brazil (15%), and Yu- 
- goslavia (12%). 

Ferrochromium-silicon imports increased 
to 15,725 tons, nearly four times those of 
1975, and were valued at $7.6 million. Five 
countries supplied imports, with Southern 
Rhodesia accounting for 84% of the total. 

Chromium carbide imports from three 
countries totaled 164 tons valued at 
$857,000. West Germany supplied 97% of 
the total. 

Imports of chromium metal, wrought and 
unwrought and waste and scrap, increased 
to 2,306 tons from 1,629 tons in 1975. Total 
value increased from $6.6 million to $9.1 
million. Of the seven countries supplying 
imports, the United Kingdom accounted for 
59% and Japan for 35%. 

Imports of chromium-containing pig- 
ments follow: Chrome green, 151 tons; 


303 


chrome yellow, 2,747 tons; chromium oxide 
green, 691 tons; molybdenum orange, 333 
tons; strontium chromate, 257 tons; and zinc 
yellow, 1,225 tons. Total value of these 
products was $10.7 million, 2.5-fold higher 
than in 1975. Chrome yellow accounted for 
51% of total value of these products, fol- 
lowed by zinc yellow with 23%. The lead- 
ing supplier was Canada, which accounted 
for 49% of total value. 

Sodium chromate and dichromate im- 
ports totaled 570 tons valued at $1.1 million. 
The U.S.S.R. was the sole supplier. Four 
tons of potassium dichromate valued at 
$4,600 was imported from Sweden and 
West Germany. 


Table 8.—U.S. exports and reexports of 
chromite ore and concentrates 


(Thousand short tons and thousand dollars) 


Year Exports Reexports 
Quantity Value Quantity Value 
1974 ο sue 18 1,430 99 3,101 
1915. —— z =: 139 6,896 45 2,111 
19788 124 5, 609 85 5, 475 


Table 9.— U. S. imports for consumption of chromite, by grade and country 
(Thousand short tons and thousand dollars) 


More than 40% but 


46% or more 


Not more than 40% Total 
Cr20s less than 46% Cr30s 
Co 
πα Grose CraOs γα]. Gross O03 Val- Gros CraOs Val Gros Cros val 
weight tent ue weight tent ue weight tent ue weight tent ue 
1975: 
Albania ee "n πε 45 20 2,108 6 8 205 51 23 2,313 
Finland 19 629 M EN ΚΠΕ ae E HE 19 4 629 
India κ. M τος B ghee 12 7 12 7 855 
Irans Ert E NEN -- =: = 11 5 1,876 11 5 1,876 
Philippines 202 66 6,611 2 κ "s 8 4 210 70 6,881 
Rhodesia, 
ee n vis ἘΠ 12 5 398 23 10 1,077 103 51 5,706 138 66 7,181 
Republic of (1) (1) 1 218 101 4,513 71 83 1,740 289 194 6 
Turkey 53 55 21 2,144 81 18 1,969 87 41 7,278 178 75 10,791 
U.S&&R N 57 8,253 Em -- € 292 153 21,168 349 175 24,421 
Total ____ 345 118 13,036 817 144 9,067 590 297 38,548 1.252 559 60,651 
1916: 
Albania -- PE Ze 18 8 1,858 ES 18 1,858 
ERE (1) (1) 1 EN 2 ne ( (1) 1 (1) è) 2 
Colombia 4 1 211 -- =: m "P = NN: 4 211 
i d ϱ.. 120 86 4,437 HO E EM 49 85 1,462 169 τι 5,899 
5 18 7 845 ss . πα = τ ΚΗ 18 845 
Philippines .... 168 53 5,614 = - Ai 3 2 169 166 55 5,783 
ia, 

Southern 12 4 369 9 4 379 14 7 650 35 15 1,398 

South Africa, ; 
licof _ 26 9 732 918 141 9,787 94 44 3,617 438 194 14,086 
Sweden 26 4 68 HE ENS TS ΗΝ DNE eles 26 4 68 
ri^ cde 115 44 8,334 81 14 3, 161 66 31 7,461 212 89 18,956 
U.S. S. ..... 69 27 4,885 ues Non κι 120 62 16,084 189 89 20,969 
Total ____ 553 185 25,496 916 167 15,135 946 181 29,44 1,275 533 70,075 


Less than 1/2 unit. 
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Table 10.—U.S. imports for consumption of ferrochromium, by country 


: RE 
(less than 8% carbon) (396 or more carbon) 
Year and Gross Chromium Chromium 
country weight content i weight content brum 
tons) tons) sands) tons) tons) sands) 
1975: 
Brazil __ A A 886 214 $479 16,653 8,885 $6,651 
EH EMI 8 Mie E EM (*) (°) 
Finland = = 6,050 8,092 2,447 
Germany, West 4,415 3,208 5076 2,084 1,854 1,442 
Inda ___________________- I 623 762 661 
Japi vo cu uL s AE 17,182 11,816 23,409 61,188 42,102 51,880 
Korea, Republic ff 16 EN ΕΠ 
oraaãy r 2,392 1.585 2,458 986 653 661 
ia, Southern ___________ 5,238 9,714 5,869 76,855 51,882 88,160 
South Africa, 
icol ENA E AREA 24,221 14,511 11,002 75,068 41,101 29,219 
ETERA E ο EEE 2,853 2,169 4,039 ΗΕ SON 
Taiwans TN 840 218 810 
Tüfkéy . ⁰˙ des 1,874 1,297 1,784 441 817 
Y ... σπα 142 122 162 12,241 8,078 9,219 
TOR] uz AA 61,242 39,933 55,589 257,567 158,055 135,041 
1976: 
Brazil __ _ ee 722 26 15,459 10,126 
οι ο 8 (1) (1) 1 (2) (3) 
οσο. West 3685 2667 3.899 1,661 1,075 1,081 
India __.__________________ __ ide 440 1 
ο ο λα σι πο... 14 20 1,098 707 481 
PPP 28, 986 19,359 23,582 9,849 6,045 5,098 
Morambiqu s me — 1,462 816 616 
orway  - — —- -——- -. 1,974 2,414 1,156 787 
ia, Soutberrn 8,194 5,785 8,098 89,198 26,561 15,182 
South Africa, 
nie 11.022 6,829 8,168 75, 706 41,880 26,650 
dant PEDE ME ad ο OR amam s ee 2,218 8,470 pan ΝΣ 
Turkey _ ems 1,109 zu e 
United e d) d) 1 : 
Vugosla via 496 85 21,385 14,198 10,021 
. 63,150 42,961 54,784 178,846 107,807 70,035 
11980 than 1/2 unit. 
Table 11.—U.S. import duties 
Tariff 
° : Rate of duty 
classifi- Article 
cation Jan. 1, 1976! 
CHROMIUM ORES AND METAL PRODUCTS 
601.15 Chromium ore . — ß , y LLLI Free. 
607.80 Ferrochromium, less than 8% carbon 496 ad valorem 
607.31 Ferrochromium, over 3% carbe “nns 0.625 cent per pound 
on chromium content. 
632.18 Unwrought chromium other than alloys: Waste and scrap? |... 596 ο ad valorem. 
CHROMIUM CHEMICAL AND RELATED PRODUCTS 
420.08 Potassium chromate and dichromate ............---..--..-----.-..-.-..-.-.-.-..-.. -. 1.1 cents per pound. 
420.98 Sodium chromate ichroma tee «4444 0.87 cent per pound 
422.92 Chromium carbide .......................-.-.-.-.-......-...-.-.-...... -...... -.-.. ad valorem. 
CHROMIUM PIGMENTS 
473.10 Chromium green __ _ ~~~ -m 5% ad valorem 
418.12 Chromium yellow |... ~~. ~~~ «„ Do 
e Do 
Hydra chromium oxide grennnsnn LLL LLL LLL LLL 
419.18 lybdenum orange ................-.------..-.-.---- -.--.---.-.-.-.-.-.-.-..-.-.. -. -. Do 
419.19 Strontium chromate ............. - - -......-....----...-..----------΄-.---...... Do 
419.20 Zine yellow —— τοις ο μη σα 8 Do 


Not applicable to centrally planned economy countries. 
. *Duty temporarily suspended on waste and scrap. 
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WORLD REVIEW 


Brazil.—Chromite reserves were reported 
at about 40 million tons, of which only 10 
million tons are recoverable by existing 
technology. Most of the chromite is the 
high-chromium variety with about 14% of 
the total designated as high-iron chromite.* 

The sole chromium alloy producer, Cia. 
Ferro Ligas da Bahia S.A. (Ferbasa), pro- 
duced the three chromium alloys, high- 
carbon, low-carbon, and ferrochromium- 
silicon. Six furnaces were utilized with a 
combined capacity of 51 megawatts in 1976. 

Reportedly, Kloeckner and Co., the world 
trading arm of the German steel company 
Kloeckner-Werke A.G., entered into a joint 
venture with Ferbasa S.A. to mine chro- 
mite in Brazil. The new firm was named 
Ferklock S.A. 

Egypt.—According to Egyptian sources, 
production of chromite was 812 tons in 1972, 
485 tons in 1973, and 295 tons in 1974. 

Finland.—Outokumpu Oy, Finland’s sole 
chromite producer, increased mining of 
chromite and sales of ferrochromium des- 
pite a weak market. Excavation of ore 
increased 24% as sales of crude ore were 
made to Sweden and the United States. The 
beneficiating plant produced 158,000 tons of 
concentrate and nearly 35,000 tons of chro- 
mite sands for foundry use. Although chro- 
mite pellet production was down 9%, pro- 
duction of ferrochromium increased slightly 
to over 44,000 tons. A new stainless steel 
works was completed at Tornio, and the 
first melting and casting of ingots was 
performed in May, using the firm’s own 
ferrochromium and nickel. 

India.—India’s chromite production in 
1976 was estimated at 442,000 tons, or 20% 
less than in 1975. Most of the production 
came from the State of Orissa, with small 
quantities reported from the States of Kar- 
nataka and Marharashtra. Most chromite 
mining was by open pit methods, and the 
industry employed about 6,000 workers. 

India’s chromite reserves were estimated 
at over 17 million tons but are assumed to 
be higher on the basis of exploration drill- 
ing to depths of 330 feet. Principal mines 
are currently being worked to depths of 
about 100 feet. Twenty-four percent of the 
reserves are proved, 14% are indicated, and 
the balance are inferred. Nearly 75% of 
India’s reserves are in the State of Orissa. 

Ferrochromium production of 11,164 tons 
in 1975 increased to 15,724 tons in 1976. The 


State-owned Mysore Minerals Ltd. reported- 
ly was evaluating a proposal by Japanese 
interests to establish a 7,000-ton-annual- 
capacity ferrochromium plant in Karnata- 
ka. The Japanese proposal envisages relo- 
cating a charge chromium plant, including 
two furnaces, from the Republic of South 
Africa to India. 

Iran.—During Iran's fiscal year of March 
1975 to March 1976, reported chromite pro- 
duction totaled 232,000 tons and graded 
46% to 48% Cr. O.. Proven reserves totaled 
1.5 million tons of 40% to 48% chromite, 
while probable reserves totaled over 2 mil- 
lion tons. 

Japan.—The Japanese Ministry of Fi- 
nance approved budgetary requests to 
establish two nonferrous metal stockpiling 
corporations during Japan's 1976 fiscal 
year. One corporation would specialize in 
handling chromium, nickel, cobalt, and 
tungsten. Initial funding, as a direct subsidy 
from the Japanese Government, would total 
$173,000. The remaining funds of $33 mil- 
lion would be collected from more than 20 
investing firms. The stockpile corporation 
anticipates beginning with a 2-week supply 
and eventually increasing this to a 3-month 
supply of the various metals. Japan's chief 
concern with respect to these metals is 
possible shortages owing to availability 
from only a few sources. 

Malagasy Republic.—The Malagasy Gov- 
ernment in December 1975 took 100% own- 
ership of Compagnie Miniére d’ Andria- 
menta (COMINA), formerly owned by the 
Péchiney-Ugine Kuhlmann Group (France). 
Under the takeover settlement, COMINA 
retained one-third of future output at a 
predetermined price and contracted to 
manage and operate the mine. 

Production in 1976 was from two mines 
located near the mining districts of An- 
driamena and Befandriana. At the larger of 
the two mines, near Andriamena, the chro- 
mite grades at 38% Οτο: and was concen- 
trated to 50% before being transported by 
road and rail to Tamatave. The unconcen- 
trated ore at Befandriana grades at 35% to 
40% Cr. O, and was trucked to Analalava. 

Ore reserves have been estimated at 2.2 
million tons at Andriamena and about 
280,000 tons at Befandriana. Exploration 


5See, J. B. Ferroalloys in National Institute for 
Metallurgy, d oath Afton, Rept i777, Jan. 15, 1976. 26 pp. 
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Table 12.—Chromite: World production, by country 
(Thousand short tons) 

Country? 1974 1975 19165 
“l 8 788 859 875 
C  E μο. @) «3 «3 
| cg μισο μυ 8 1119 191 4190 
Colomba nro hoc aaa e Lie A 18 13 NA 
ο. j ο S το ο τος ο ο... $1 E. 10 
e e . DUE UND MN (3) e1 5] 
Finland τος ο ες εκατ το ακομα 1182 965 456 
ειν μπορω μον ο ³o.-w.wm %ð - m ασ ROMAN 11 26 80 
c ²˙'â ? ¾2éé /d y . aa 1497 550 442 
//õ.ĩ]³¹i n...... M eU Qu IE MI E ate 193 *190 4176 
777;ÄÜö˙˙⁵1ÜC50(6Cẽt0 DoD y .:... 29 26 24 

Republic Ὁ ON ο το ο V HEN 172 214 244 
New Caldonia occur en uuu m 2 11. 
%%% ũ E: uL ees C E 11 11 12 
ee τι OE CaO 5 n 650 660 670 
Rhodesia, Southern? ..........-.------------------------------------------------------.-.-- -. -- 
South Africa, pads οἱ. σε τν τς πλ οσο μις Ες εσας. 2.069 2,288 2,656 
Sudan neu e 0vriꝗĩ yd t 8 22 17 24 
I // ⁰⁵¹ masus ³ o 8 "e (2) 2 
PP ⁰ꝗAſſſ ³¹]ſ A lee LI mL LL as 134 739 816 
))ͤ · V ͥAdꝗſ/ μα ο πανκ E 2,150 2,290 
μα ο REC MEINTE ß d eet et vv NA NA 10 
Rio ILU ̃˙ ² TIE dy y OS 1 2 
JJ ³ ³ . ³ E LP (G60 nM t E dE. 18224 9,071 9,492 


Estimate. Preliminary. 
lIn addition to the countries 


TRevised. NA Not available. 
Bulgaria and North Korea may also produce chromite, but production is not 


listed, 
reported and available information is inadequate for formulation of output estimates. 


than 500 tons. 
*Salable chromite estimated from run of mine output. 


for new deposits was planned by Péchiney- 
Ugine Kuhlmann and C. Itoh and Co. Ltd. of 
Japan. 
New Caledonia.—Socíeté de la Tiebaghi, 
a French subsidiary of Inco Ltd., reached 
agreement with Compagnie Miniére Dong- 
Trieu and two subsidiaries of the Com- 
pagnie Financiére de Paris et des Pays-Bas 
group for an exploration program and feasi- 
bility study to determine whether a long- 
closed chromite mine in New Caledonia 
could be reopened on an economic basis. 
The mine was purchased by Inco after its 
closing in 1962. The exploration program 
and study are expected to take about 2 
years and cost about $3 million. 

Philippines.—Output of chromite de- 
creased 18% compared with that of 1975; 
76% was classified as high aluminum (re- 
fractory) chromite and 24% as high- 
chromium chromite. 

In addition to the two traditional chro- 
mite producers, Acoje Mining Co. Inc., pro- 
ducing high-chromium chromite, and Con- 
solidated Mines Inc., producing high- 
aluminum chromite, nine new producers 
came onstream between 1975 and 1977. Mi- 
samis Exploration Corp., Amer-Asia Min- 
ing and Development Corp., and Capitol 
Resources and Development Co., Inc., be- 
came high-aluminum chromite producers in 
1976, and G. Lluch and Sons, Silverio Elea- 


zar, San Grace Mining Corp. and Velore 
Mining Corp. became high-chromium chro- 
mite producers in 1976. New Frontier Mines 
and Superior Mines became high-aluminum 
chromite producers in 1975. 

Obit Philippines Consolidated Mines Ltd. 
produced and sold small tonnages of chro- 
mite to Consolidated Mines, which benefi- 
ciates and also markets the concentrate. 
The firm indicated that reserves totaled 2.2 
million tons of ore in its claim area, but that 
no drilling had been performed. 

Rhodesia, Southern.—Reportedly, Rho- 
desian Alloys (Pty) Ltd. at Gwelo may in- 
stall new furnaces for expansion of charge 
chromium production. The firm traditional- 
ly produces high-carbon ferrochromium, 
low-carbon  ferrochromium, and  ferro- 
chromium-silicon. 

In March, Mozambique's President de- 
clared a state of war against Southern 
Rhodesia, closed the border, seized all 
Rhodesian property, and declared that the 
United Nations sanctions would be applied 
fully. The action affected the supply of 
chromite and ferrochromium, which had 
been shipped through the port of Maputo. 

South Africa, Republic of.—Production 
of ferrochromium in the Republic of South 
Africa increased 10% during 1976, rising to 
nearly 263,000 tons. Production was prima- 
rily by Ferroalloys Ltd., Southern Cross 
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Steel (Pty) Ltd., Palmiet Chrome Corp. (Pty) 
Ltd., and South African Manganese Amcor 
Ltd. Late in the year, the Tubatse Ferro- 
chrome (Pty) Ltd. facility at Steelpoort, 
jointly owned by Union Carbide Corp. and 
General Mining Corp., came onstream. 

In late 1975, South African Manganese 
Amcor Ltd. (SAMANCOR) (formerly South 
African Manganese Ltd.) acquired all 
of Amcor Ltd.’s operating subsidiaries. 
SAMANCOR has a chromite preduction 
capability of 200,000 tons annually and 
planned to increase output to 430,000 tons 
by 1980. Other plans included increasing 
ferrochromium preduction to 165,000 tons 
annually. 

Consclidated Metallurgical Industries 
Ltd., a member of Johannesburg Consoli- 
dated Investment Co. Ltd., was given ap- 
proval in 1975 to construct a 132,000-ton- 
per-year ferrochromium plant at Lyden- 
burg. Construction was initiated in 1976. 
Reportedly, the British Steel Corp. and a 
Japanese firm will be partners. 

South Africa’s growing ferroalloy indus- 
try, based on proposed new furnace installa- 
tions, is expected to increase to 1,200 mega- 
watts of transformer capacity in 1981 from 
about 600 megawatts in 1974, according toa 
report at a Conference on Energy in South- 
ern Africa.“ Most of the new capacity is 
expected to be used for the production of 
ferrochromium. 

In a report by the South African Minerals 
Bureau, Department of Mines, chromite 
reserves to a depth of about 1,000 feet were 
estimated to total 3.4 billion tons, more 
than double those reported by the U.S. 
Geological Survey and Bureau of Mines in 
recent years. 

Shipments of chromite for export 
throughout the year suffered a bottleneck 
at the port of Maputo, Mozambique. Lack of 
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maintenance and trained manpower re- 
portedly was the cause. Ore carriers often 
encountered delays of several weeks, result- 
ing in high demurrage costs and unpredict- 


. able delivery schedules. At yearend, the 


chromium and iron ore loading facilities at 
Maputo were scheduled for maintenance, 
thereby further restricting shipments of 
ore. The Republic of South Africa planned 
contingency steps to make facilities avail- 
able to back up the shipping facilities at 
Maputo. 

Sudan.—Two Japanese firms, Mitsubishi 
Corp. and Japan Metals & Chemicals Co., 
signed a basic agreement for the develop- 
ment of chromite deposits in Sudan. The 
long-known deposits in the Ingessena Hills 
region of eastern Sudan have been sub- 
jected to exploration drilling in recent 
years. Reportedly, the project calls for an 
annual production of 230,000 to 330,000 tons 
by 1980, if a joint venture is established 
after a feasibility study. 

Sweden.—Avesta Jernwerks A.B. report- 
edly closed its ferrochromium production 
operation because it could not meet pollu- 
tion contro] restrictions. Avesta had an 
annual capacity of 25,000 tons of ferrochro- 
mium; output was consumed within the 
company. 

U.S.S.R.—The Donskoy mining and con- 
centrating complex at Khrom-Tau in 
Oktyubinsk Oblast’ of Kazakhstan produces 
over 90% of the Soviet chromite. The 
Donskoy deposits are selectively mined by 
open pits. In 1976, 100-ton unit-rig trucks 
and large bulldozers were used for the first 
time. During the year, two concentrators 
were in operation at Khrom-Tau. Crude ore 
from the Donskoy complex contained 45% 
chromic oxide, which was upgraded to a 
53.9% chromic oxide marketable product. 


TECHNOLOGY 


A survey of chromium and nickel wastes, 
and technology presently available to re- 
cover these elements, was described by Bu- 
reau of Mines researchers.’ A great variety 
of industrial wastes containing chromium 
and nickel values are generated annually 
which are not recovered. Much of the tech- 
nology available has been developed in Bu- 
reau laboratories. The status of the most 
promising technology and recommenda- 
tions for pilot plant or industrial trials were 
presented. 

Thermodynamic properties of chromium 
fluorides were investigated by the Bureau of 


Mines as part of a continuing study to 
provide fundamental data for various 
phases of metallurgical research.“ Gibbs 


SJochens, P. R. and J. S. Stanko. Fuel Requirements in 
the Ferroalloy Smelting Industry. Pres. Conf. on Energy 
and Its Future in Southern Africa, Cape Town, South 
Africa, Apr. 28-May 1, 1975, 12 pp. 


` Dressel, W. M., L. C. George, and M. M. Fine. Chro- 


mium and Nickel Wastes - A Survey and Appraisal of 
Recycling Technology. Proc. of the Fifth Mineral Waste 
mone Symposium, Apr. 13-14, 1976, Chicago, Ill., pp. 

Schaefer, S. C. Free Energies of Formation of Chro- 
mous, Chromic, and Chromium (IL III) Fluorides by 
Electromotive Force Measurements. Bur. Mines Rept. 
8172, 1976, 19 pp. 


308 


free energies of formation for various chro- 
mium fluorides were determined by electro- 
motive force measurements of reversible 
high-temperature galvanic cells employing 
calcium fluoride doped with 1 mole-percent 
yttrium fluoride as the electrolyte. p 

Bureau of Mines research projects during 
the year included studies on reclamation of 
used refractories containing chrómium, 
treatment of metallurgical wastes contain- 
ing chromium, preparation of low-carbon 
ferrochromium by carbothermal reduction 
of chromite, recovery of chromium from 
domestic chromium-bearing materials, and 
improved beneficiation of chromium re- 
sources. 

Tests and plant experience using the 
COBO (cold bonded) process for chromite in 
Sweden were described.* Production cost, at 
a capacity of 20 tons per hour, 114 hours per 
week, was given as $9 (Canadian) per ton. 
The plant flexibility was reported as very 
high and easily shiftable from one ore 
mixture to another. The binder addition 
was hydrated lime and silica dust recovered 
from  ferrochromium-silicon production. 
Pellets had a satisfactory strength for trans- 
port and were storable for an unlimited 
time outdoors. Also, compared with costs of 
other agglomeration methods, the invest- 
ment and operation costs were low. 

The standard free energy of formation of 
sodium chromate at high temperatures was 
measured.?° 

A method for recycling spent chromic 
acid etchant reportedly was developed and 
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put into commercial use by General Motors 
Οοτρ.: The system is based on reoxi- 
dation of chromium by electrochemical 
regeneration of the spent etchant solution. 
Over 100,000 pounds of chromic acid was 
expected to be retained and reused in 1976. 

Patent activity for chromium during the 
year concerned removal of chromite impuri- 
ties from ilmenite; prereduction of the 
iron content of chromite, magnetic sep- 
aration of the iron, and reduction of elemen- 
tal chromium in an electric furnace;* refi- 
ning of ferrochromium to lower sulfur and 
silicon contents;'* and production of sodium 
bichromate.!* 


Lindberg, N. G., and T. A. Falk. The COBO Process 
Applied to Chromite Agglomeration. CIM Bull, v. 69, No. 
778, September 1976, pp. 117-126. 

10] iang, W. W., and J. F. Elliott. The Standard Free 
Energy of Formation of Liquid NasCrOs, 1,100-1,200 de- 
grees K (Kelvin). J. Electrochem. Soc., v. 123, Nov. 5, 1976, 
pp. 617-620. 

11 American Metal Market. V. 83., No. 188, Sept. 17, 
1916, p. 7. 


and Titanium Corp.. Removal 
From Ilmenite. U.S. Pat. 3,985,094, Jan. 27, 1976. 
1 Fey, M. G. Sequential Recovery of Iron and Chromium 
From Chromite. U.S. Pat. 3,997,388, Dec. 14, 1976. 
MHarada, M., S. Kojima, K. Ohta, and H. Shimomura 
(assigned to Nippon Kokan K. K.). Refining of Carbon- 
- 5 


R., K Lefrancois, and M. Gabiel (assigned to 
gine Kuhlmann) Extraction of 


Sodium Bichromate From 
VVV 


Clays 


By Sarkis G. Ampian! 


Clays in one or more of the classification 
categories (kaolin, ball clay, fire clay, ben- 
tonite, fuller's earth, or common clay and 
shale) were produced in 47 States and Puer- 


followed in order by North Carolina, Wyo- 
ming, Alabama, and Pennsylvania. Georgia 
also led in total value of clay output with 
$278.1 million; Wyoming was second with 
$40.0 million. Compared with 1975 figures, 
clay production increased in 29 States and 
value increased in 38 States. Total quantity 


produced was an alltime high. Increases in 
value per ton were reported for all clays in 
1976 owing to increased labor, fuel, and 
material costs. The energy crisis or, more 
specifically, the increasing shortage and 
costs of fuels continued to cause consider- 
able concern among clay producers and clay 
product manufacturers. Industrywide ef- 


forts were made to both economize and 
obtain standby fuels for their requirements. 
The costs of environmental protection 
equipment and environmental restrictions, 
and rising capital costs, combined with the 
energy crisis, continued to adversely affect 
production during 1976. 

Production of the specialty clays; kaolin, 
ball clay, fire clay, bentonite, and fuller's 
earth—and common clay and shale, all 
increased. A small upturn in construction 
that increased the demand for building 
materials (brick, lightweight aggregate, 
vitrified clay pipe, clay floor and wall tile, 
etc.) was responsible for the rise in pro- 
duction of common clay and shale. Pro- 
duction of kaolin increased 1596, ball clay 
and fuller's earth 1896 each, bentonite 996, 
fire clay 3%, and common clay and shale 
5%. 

Kaolin in 1976 accounted for only 12% of 
the total clay production but for 5896 of the 
value. 


Supervisory physical scientist, Division of Nonmetallic 
Minerals. 


Table 1.—Salient clay and clay products statistics in the United States' 
(Thousand short tons and thousand dollars) 


1974 1975 1976 


Domestic clays sold or used by producers: 
Guan nu E σι ο. 59,456 64,351 60,796 49,047 52,889 
ais a este E EPE E rear kat $808,022 $854,068 $424,556 $528,745 
gus ONCE PPE e PAR ον. 1,847 45 15 487 
d MEE (8 210 118.774 $1 144212 $120296 4151968 
à Quang 67 58 88 89 
alue __ eurer 1 1 198 1,947 1,814 
Clay refractoriss, shipments: Value σσ ILI 1214578 255 Qus SESS 3444471 
Clay construction products, 
Vale 8 $122,236 $112,128 $604,731 $665,779 $188,644 
!Excludes Puerto Rico. 


309 


310 


MINERALS YEARBOOK, 1976 


Table 2.—Clay sold or used by producers in the United States in 1976, by State! 


176,119 
6,121,760 


800,871 


(Short tons) 
Fire Ben- 
clay tonite 
872,971 w 
b 21,921 
86,189 87,724 
29,817 
9,941 ο. 
* 
2,065 ΒΒ 
AR w 
85,814 din 
-- 878,457 
809 = 
| 7288 158,695 
zt 1,512 
11,649 Μο 
W ἘΝ 
700,018 uie 
e 1,814 
888,757 E 
E w 
n» W 
54,885 89,414 
4,590 2, 
w na 
W a 
-- 2,496,797 
295,222 896041 
8,852,250 — 8,520,881 


Fuller's 
earth 


Total 

and hale 
1781841 32,288,720 
* 7727921 
199249] 2.236.578 
22 - 
130,488 180,483 
11,241 11,241 
Jum eum 
W ' "W 
1358130 51,909 19 
1,262, 1,264,707 
1016772 1,016,772 
1,063,881 31068881 
512075 Eu 
183,617 183,617 
702,861 102961 
1984894 1984384 
W w 
1118728 5 "1481180 
um m 
W 44597512 
w W 
50,000 61,549 
700511 4138811 
a pne. 
1154656 1,154,656 
148.288 147072 
and 2,291,486 
1,631,062 2,210,284 
128,842 29,842 
1,015,924 551 699669 
8,506912 5 "8,706,434 
197,940 168 
862,086 862086 
980,856 "990856 
275,188 7915,88 
ques. 
647,770 — 2,106,867 
87,579,682 — 52,122,416 


W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 


! Includes 


*Excludes bentonite. 
udes 


Total 
value 


με 


2 811,577,910 
s 656 


1,210,199 
71,140,587 
468,583 


W 
40,015,208 
87,220,920 


529, 158,672 
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Table 3.—Number of mines from which producers sold or used clay in the United States 
in 1976, by State 
Common 

: Ball Fire Ben- Fuller's 
Alabama ___.___________ 8 EN 9 1 oo 28 46 
Arizona Ls 1 ims 8 sss 4 8 
Arkanses_______________ 8 v Da e E 16 19 
California ........................ 8 2 9 18 22 40 72 
Colorado _______________ "E PES 5 5 ES 21 87 
Connecticunt κενά HS m ἔτος M 4 4 
Delaware ae het NH T δα 1 1 
Georgia._______________ 65 xb 9 Ua 7 11 81 
Hawai: e PA M ae zr 1 1 
Idaooo 1 om 1 1 ae 4 7 
Illinois ....................... ES τα 4 EN 2 16 22 
Indiana.. uem MR 4 Mist ἘΠῊΝ 28 21 
CC u L AA 8 ἘΝ ΕΝ {θε ner 15 15 
— E ow 4 - 5 Ë 
ο... mu E c το. 2 12 12 
Maine ee 5s = Pos mm : 1 
Maite RURANA B ERT bas zi ae EN Wg. 3 3 
F 1 -- pn MK Ra 3 4 
Mississippi NS 2 MSS 6 4 21 83 
Missouri _ | -- 10 = 75 TR κι 19 104 
Montana "s κα 1 8 ΚΕ : τ 
Ν e ---------- E! δα __ 8 1 1 9 

ew Hampshire __________ = = πο. ΚΝ ΗΝ m 
New Jersey _. ----.---- as CN 2 E zi 1 8 
New Mexico i κ 2 m ed 4 6 
New Tork (το 1 PS == eon 19 14 
North Carolina 2 ΕΗ ΠΣ oe n 45 47 
North Dakota __ _ _ o EN c αν. PEN δ δ 
Ohio mm m 26 "e Ta 70 96 
Oklahoma ______________ m ΞΡ ΞΗΡΗ = ave 15 t 
Penney Iranian 1 ρα 56 = S 81 88 
Puerto Rico ...........-- -..-------.-. EN ENS S ΜΕΝ 3 8 
South Carolina .................. 17 i. o Ed 1 80 48 
South Dakota . _ -. E MM a 2 ias 4 6 
CONDERE EUN M 27 E Te 1 20 48 
ἐν — o oc ο c mim 1 mee 9 4 1 84 99 
Utah ( ĩ K 8 us 5 1 1 7 17 
Virginia — === e Ee TN 13 18 
Washington,- F MEM Cn 1 E 2 14 15 
West Virginia Ἔν ε.. 2 MR es 4 6 
Wisconsin ______________ ΚΞΝ en CAEN πια. Pen 1 1 
Wyoming TOR eer im 43 = 4 47 
Tota] __ 112 89 221 91 21 710 1,194 


DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY 


KAOLIN 


Domestic production of kaolin in 1976 
increased 1596, and the value increased 
8196. The average unit value for all grades 
of kaolin in 1976 was $46.17 per ton, $5.64 
higher than in 1975. Kaolin was produced at 
mines in 14 States. Two States, Georgia 
(80%) and South Carolina (10%), accounted 
for 9096 of the total U.S. production in 1976. 
Alabama ranked third; California, fourth; 
and Missouri, fifth. Output in 1976 increas- 


ed in Alabama, Florida, Georgia, Minneso- 
ta, North Carolina, and South Carolina, and 
declined in Arkansas, California, Idaho, 
Missouri, Nevada, Pennsylvania, Texas, 
and Utah. No kaolin production was 
reported in 1976 for Colorado. 

Kaolin is defined as a white, claylike 
material approximating the mineral kao- 
linite. It has a specific gravity of 2.6 and a 
fusion point of 1,785'C. The other kaolin- 
group minerals, such as halloysite and 
dickite, are encompassed. 
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In April 1976, Freeport Kaolin Co., a 
vision of Freeport Minerals Co., 


per year, with a capability of 500,000 tons. 
Minerals 


i pigment. Engelhard 
80 increased capacity for a fluid bed catalyst 
based on calcined clay. Thiele Kaolin Co. 
was doubling the capacity of its 60,000-ton- 


high- 
gradient magnetic separator (HGMS) for its 
Sandersville plant (American Industrial 
Clays). The production capacity of its Dry 
Branch plant was scheduled for expansion 
and startup in 1977. A non-Georgia kaolin 
clay producer, Harris Mining Co., Spruce 
Pine, N. C., purchased 4,000 acres of land in 
Avery and Mitchell Counties. The purchase, 
contiguous to present holdings, was made to 
insure a constant supply of the company's 


880,000 tons valued at $47.9 million in 1975 
to 839,000 tons valued at $57.6 million in 
1976. The tonnage of kaolin exported in 
1976 decreased 5%, while the value rose 
20% over that shipped in 1975. The unit 
value per ton increased $14.27. This in- 
crease in the unit value of kaolin exported 
was attributed to both the greater percent- 
age of the higher quality. paper-coating 
grades shipped and higher prices. 

Kaolin, including . 
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to 67 countries. The recipients were 
Japan, 3096; Canada, 1896; Italy, 16%; West 
Germany, 11%; Mexico, 596; and the re- 
except for those to Brazil, France, Taiwan, 
the United Kingdom, and West Germany. 
Kaolin producers reported the end use for 
their exports as follows: Paper coating, 
8896; paper filling, 25%; refractories, 11%; 
rubber, 996; and others, including adhe- 
sives, ceramics, paint, and plastics, 2296. 

Kaolin imports in 1976 increased slightly 
from 19,126 tons valued at $773,000 in 1975 
to 23,106 tons valued at $886,000. The Unit- 
ed Kingdom supplied nearly 98%; Canada, 
296; and four other countries, less than 1%. 

Kaolin prices quoted in the trade journals 
in 1976, except for the formulary grades, all 
advanced from 1975. Chemical Marketing 
Reporter, December 27, 1976, quoted prices 
as follows: 


The average unit value reported by do- 
mestic kaolin producers was $46.17 per ton, 
an increase of $5.64 above the 1975 value. 


ο... Co. Acquires New Lands. 
V. 69, No. 4, October 197 iii 


CLAYS 313 


Table 4.—Kaolin sold or used by producers in the United States, by State 


1915 1976 
is Short tons Value Short tons Value 
Alabama `. . ala 150 184,408 17 
χο οπών ee Me Ce D 182012 pur 48,486 21805519 
7 -2-2 22411 11 24,550 1,082,750 
Idaho ο το τν ο CH M Der μεθ 18,788 ' W ᾽ν 
Missouri ..........----------------- 104, w 67,519 1,067,600 
South Carolina arolina ______________________ 546898 10.881.747 624 222 19,190,173 
Other Stat)! 419,269 22,680,797 176,119 
Total 5,884,149 26,175,869 6,127,760 282 903,869 
W Withheld to avoid disclosing individual company confidential data; included with “Other States." 
!Includes Minnesota, North Carolina, Texas, Utah, and data indicated by symbol W. 
Table 5.—Kaolin sold or used by producers in the United States, by kind 
1975 1976 
PN Short tons Value Short tons Value 
Airfloat .................-----...-.-.-.--------....... 1,102,501 182,778 1,252,488 768 
Calcined .......................-.-.-.-. 885.274 889.164.188 1061981 | 18.634200 
JC 277,209 17,547,878 856,444 21,494,006 
Unprocessed ..........-.------ V149,044 17 568,625 1624,629 16,992,100 
Waterwashed __.______________ 2,820,121 108,717,410 2,186,328 144,789,586 
Total u u S z 5,884,149 216,175,869 6,127,760 282,908,869 
Preludes calcined grades. 


Table 6.—Calcined kaolin sold or used by producers in the United States in 1976, by kind 
High temperature Low temperature 


πὰ Short tons Value Short tons Value 
εν το d wa E 542,895 090 244,268 $80,011,875 
Other States 1241 438 1100025 389,840 32,546,410 
Total zu pusa oo οσο su tal 184,828 42,477,115 288,608 $2,557,845 
1Includes Alabama, Arkansas, and California. 
*Includes Idaho, Pennsylvania, and Texas. 
Table 7.—Georgia kaolin sold or used by producers, by kind 
1916 | 1976 
nine Short tons Value Short tons Value 
Ale... ee ee 611,505 $12,560,862 746,087 $14,754,411 
Calcined oom αμ 88 86,905,50 ; 
— e 217,209 11541878 396,444 ΣΙ 494.006 
Unprocesssd «444 1390,66 1 1266140 8,852,894 
Waterwashed __ -2-- 2,258,443 107,215,288 2,788,269 142,674,174 
Total here eee 4,016,927 177,611,861 4,924,648 250,864,949 
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Table 9.—South Carolina kaolin sold or used by producers, by kind 
1916 | 1976 
8 Short tons Value Short tons Valus 
Airfloat __ - M ———— 17 445,881 1 15 
Unprocessed ....................--------------..-. 174.476 21084451 177,841 ν 10867258 
/ cz Een 546,898 10,881,747 628,222 18,180,178 
Table 10.—South Carolina kaolin sold or used by producers, by kind and use 
(Short tons) 
Kind and use 1916 1916 
Adhesives 24,808 19,829 
Animal feed and pet absorbent _____________________________ 2c 28,542 
G: ˙ũ—;/ͥ ee to lc LC er 18,000 12,560 
Ferülitfi o ⁵.w x ροκ δι eiu Ll 90:200 9,150 
Firebrick, bib adde — — 5.059 2 l ss 2,940 -- 
Eo e = 2 
Pesticides and related producta _________--__-------------—-- 23,990 25,196 
Rubber d I III L ως 185,966 215,941 
Other refractorieãe k MM 1,058 1311 
Other ue ·˙¹ u re 0vdqayad e E 8,762 6,164 
κι dud S a D LAE EMEN 85,815 66,919 
U iei ο cuir ο e ον ο ec CLE 872,417 445,881 
spread Facs ri 5), and high alumina refractories” JJC IN neg 174,476 177,841 
Grand total u u uz T ee ee E E 546,898 628,222 
Includes floor and wall tile; roofing granules; sanitary ware; and 
Sincludes high alumina refractories; mortar and cement, refractory; grogs and crudes, refractory; and miscellaneous. 
Includes common brick; crockery and other earthenware; drilling VVV 
uae EI NEM clas CASTES ruber GO bcllo 


BALL CLAY 


Production and value reported for domes- 
tically mined ball clay in 1976 increased 
1996 and 16%. Tennessee provided 64% of 
the Nation's output, followed in order by 
Kentucky, Mississippi, Texas, Maryland, 
New York,’ California, and Arizona. Pro- 
duction in Kentucky, Mississippi, New 
York, and Tennessee increased over that 
reported in 1975, but Arizona, California, 
Maryland, and Texas production decreased. 

Ball clay is defined as a plastic, white- 
firing clay used principally for bonding in 
ceramic ware. The clays are of sedimentary 
origin and consist mainly of the clay min- 
eral kaolinite and sericite micas. 

In 1976, Kentucky-Tennessee Clay Co., 
Mayfield, Ky., completed an $800,000 ex- 
pansion at its Gleason, Tenn., operation. 
American Olean Tile Co., Inc., a division of 
National Gypsum Co., sold its glazed tile 
plant in Pomona, Calif., to Pacific Holding 
Corp. The sale included manufacturing, 
warehouse, and office buildings, as well as 
two talc mines. The firm's plant and master 


distribution center at Roseville, Calif., was 
unaffected.* 

The average unit value for ball clay 
reported by domestic producers rose in 1976 
to $19.28 per ton, an increase of $0.45 per 
ton. Chemical Marketing Reporter, Decem- 
ber 27, 1976, listed ball clay prices unchang- 


ed from 1975 as follows: 
per ton m — $18.00-$22.00 
ug - ̃ —-— 
Tennessee, per ten 8.00- 11.25 
— tic ports, pp ds 70.00 
lamp. bulk, Great — ^ ^ 
per tod 40.50 


Ball clay exports in 1976 amounted to 
157,000 short tons valued at $3.6 million 
compared with 156,000 tons worth $3.5 mil- 
lion in 1975. The tonnage exported, value, 
and unit value ($22.77) compared with 1975 


^ eniin 
convenience. 


American ar Society Bulletin. 
ΗΝ 88. Na. 10, October 1976, 


317 


ag me 


CLAYS 
888 
us i 


Ë 


© 


| gegübb 


'ejqu1 Jo pus 18 90700300} 9ος 


9929911 — ?8V6zY? —— 977889 8 0 mmi -------------------------------- — 
849871 06155... “8096 080 901 COL — I 
K Aer d ae or JJ ( 
c EE Ñ *. INN. ο ο ον ος στ wa -- 
ος 193886 t . A roe 1eqqni 
res 38 ΗΝ erf Add se[nue13 Sugooy 
ES V9 58 A M^ Qe eee eo E eec kayod 
101 0169} 69688 HE... ΤΕ % 
010112 pIT28 p6L'8 e ισπ sjonpo1d pozeras pus sepronsedq 
969 26 69€ 909 TOL V8? 292.811 -2-2-2 T ded 
891.71 0ῬΟΎΡῬΊ ΦΖΥΌΘΥΊ JF. οὐ κε σκορ καακρύσνι Suryeoo 1odud 
τι TOPI ΒΙΟΙ irt $30". J ο... 
203 Lah 989 Es ES. ee opəusoo pus Tn et ‘perpen al 
098 gz ae ee e το τ 7 š RH UD uməfouF1 
979'T 9981 985 1 V. — 
et ay A Δ JJ eee 
" mus We ο g90'T J ee -ο 
A σον A Aia S TUN RE A sjoursuo PUL 'sse[5 60510 
A 1909 01 9667 Ἢ: ee ⁵⁵— oe Rte ee es pues <ipunog 
00819 916 09 A M.  -------------- puq surum pus s8urur ong 
M ο. ος um 9168 JJ το ee ο. 
p68°891 668891 1099 S !ͤ 88 Er 
COMM NET EE LC ο ο το ο... 
989.79 859 88 11841 m σοοος μι reg ( bees St ss OIUAUSqIUG 1917790 pue K1934201O 
T80'L 60Ι 74 966 LT μα "ιτ dac ο ο 8 GJUALIGUUID pue vu 
A un η Moe M JJ 
A L08'8L 9061} A rr (Surugo pio) $3s4 [9392 
666 106885 906 LLL 812 ο πισινα ασ m m m μις 909g ‘Pug 
L69'06 888.01 6059 St "τ. p ο ο. ο, peo; [sunu 
A 872 698 A 666 OVS A Ὦ--------- S[SOTUISYS 1eq)o pus (en umurgumge) umry 
00 59 881 88 να τί m 059% % ũ⏑%  ------------------------Ξ------ soatsoupy 
souo 
possoooud POA P 
-an D TOL -1076M an wo - 


9161 


(suoq 43045) 
asn pus puri Aq 'soju3g PAUN om uy sz20npoud Aq posn 10 pios uno II 91451, 


MINERALS YEARBOOK, 1976 


318 


ου 2gr2eds 10j 81870} 314 pepnpour epureurez T9303 eyerduzoour, 

"seqomur pus szəuorrpuoo [ros sepnpou], 

persurureqop pus poupre sepnpour, 

„NOTETO, Mu pepn[our *eyep [eryuepgruoo Aueduoo renpparpu; Sursorosp proas 03 POUT M 


09L'LZT'9 869097} — 6Z9%29 e — 6PUVOS'S — 09299 770565 e NIIS denn pu 


580 226 828 918 589 οἵ 18198 914'*06 89078 0008 ο. ο ασ ... sss TOL 
γρ. UNI ST — d --------------------------------- 
OTT'98 99996 186 91 SLL‘S? 899.96 968 l: ΓΞ SERS s Sessler 8 Qu 
LA A zo -— asper ὑπο 11 ---- Sum piriy 
301500 «ης 089 εἰν — siveve * Ru 6 
065850: 08196 008 ele 998 218 908 DB. — σης 99110129199 104790 pus *sepno „ 

pog 889 887 Word κε a dM QE NM CÓ ee BSutmosgnuvur [uorueq? 
88 1T EE A A 92V6 g989'S 0008 δ. ποπ κ D E SOTUIUJ9/) 

a. NA irum won TL e ir wo i 
9161 9161 | 


| (00 33005) 
pənupuoo— əsn pue p Aq S PUN eu uy s120npoud Aq posn 10 pjos uf II əlqu;, 


CLAYS 319 


7,000 


6,000 


5,000 


Sax 


me 
4,000 2 SES 
uem um 


EK | L$ 
3,000 S55 e teo shore en 22 s S" 


d αἴ 
_ TEES RE 


KAOLIN, thousand short tons 


22 5% ee Oe P. < * x x x f Ὁ 
= - κά " Z: 22 “ το J EE ied 
2 000 [| x OO ay - n. 3 u^ i » : ` zo ars : 
u ; EX 


ROL 
X 


2 
222 

‘ DOO 

2 


1,000 Bass - 
Refractories 
? Rubber ` — 
XX 8 N 524 < N % 
0 x * X SSRN SOK N i ; XX SOOO ORO OOO 
1963 1965 dis 1969 1971 1973 1975 1977 


Figure 1.—Kaolin sold or used by domestic producers for specified uses. 


Table 12.—Ball clay sold or used by producers in the United States, by type and State 
Airfloat Unprocessed Total 


Tear and Short tons Value Short tons Value Short tons Value 
1975 
Tennesse 262,987 35, 482,026 161,357 22,367,277 424,344 $7,849,303 
A UE E ον. . de 54,698 466,810 54,698 466,810 
Other Stat 1163283 14,093,978 263.922 — 2854956 — 227,205 43948.9834 
Toki. z as 426,270 9,576,004 279,977 8,689,043 706,247 13,265,047 
Tennessee dh 295,777 6,200,301 EC 8 106.078 513,745 9,996,374 
—— [Hn Ἢ UA 
Other States 1194,409 14 391 685 16944 2997 140 271,353 5,298,803 
| μμ μα 490,735 10,691,264 810,136 4,713,113 800,871 15, 404, 377 


1Includes Kentucky, Maryland, and Mississippi. 
Ancludes Arizona, California, Kentucky, Mississippi, and New York. 


were essentially unchanged. These ship- 
ments were made to 19 countries. The major 
recipients were Canada, 55% and Mexico, 
41%; l7 countries accounted for the re- 
maining 496. 

Ball clay imports, all from the United 
Kingdom, decreased slightly from 11,908 
tons valued at $866,000 in 1975 to 10,644 
tons valued at $342,000. 


FIRE CLAY 


Fire clay sold or used by domestic produc- 
ers in 1976 was reported at 8,852,250 tons 
valued at $40.1 million. Fire clay is defined 
as detrital material, either plastic or rock- 
like, containing low percentages of iron 
oxide, lime, magnesia, and alkalies to en- 
able the material to withstand tempera- 
tures of 1,500° C or higher. Fire clay is 
basically kaolinite but usually contains 
other materials such as diaspore, ball clay, 
bauxite clay, and shale. Fire clays common- 
ly occur as underclay below coal seams, and 
thus are generally used for refractories. 
Some fire clay was previously reported in 
other end uses. 

Fire clay production was reported in 1976 
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kr ss OC NICO DY PEO a in Bo THIOS Stats py SINN ang ps 
(Short tons) 
1975 1976 
Use Air- U U 
float τά Total flat processed Total 
ο ου πι 8 1,008 _— 1008 782 — τες 
Alum (aluminum sulfate) and other zi T 
Animal feed ------------------------- 544 12505 544 w τ * 
Ceramic (hobby and artware) ) 6,354 -- 6,884 a __ m 
China and dinner ares 85,890 1,265 986,505 50,664 -- 50,004 
Crockery and other earthenware .............-..-.--- E su 2884 2659 1,216 - 
ο). ο ο s το σεις 29,984 22917 — 46,901 w W 29,470 
VCC w % 17786 w ὃν ο 
refractories ___ ------- W W 21100 W W 20,700 
— V A- w 8297 W W 7416 
Pi O s P E 8 * xs τ 
τ... ..... ee 99 21945 12 114,149 87,110 261 
VVV K nig m 5 1485 68,749 M 
ss cute ats 12 112 55 466 
Floor and wal! 82,792 99152 1 68,915 22,478 91,988 
den ο ο ολ ee tocum em 914 914 ERR 992 992 
Miscellaneous ____-------------..---- 62,276 oos 191,062 97242 110496 1187209 
Exports 96,945 18.789 105784 — 91,400 15418 106,913 
Total___ _ A ad 496,210 . 279971 706,247 490/735 310,136 800,871 
W Withheld to avoid disclosing company o data; included with “Miscellaneous.” 
Ancom piota tora ramaisder included WHN total each specific use. 


from mines in 18 States. The first four 
States in rank, Pennsylvania, Missouri, 
Ohio, and Alabama, accounted for 81% of 
the 


acquired the operation of H. K. Porter Co.'s 
ladle brick division. Porter's primary pro- 
duct is fire clay brick. The acquisition 
includes four major refractories, manu- 
facturing plants, and a large underground 
mine.* Harbison-Walker Refractories Div. of 
Dreamer Induri Ino. opened a new high- 
alumina refractory p roduction line at Clear- 
field, Pa., No. 8 works. This will be the first 
time Harbison’s new generation, high- 
alumina refractories are manufactured in 
the Northeast.’ 

Exports of fire clay increased from 
219,000 tons worth $7.2 million in 1975, to 
296,000 tons valued at $12.9 million in 1976. 
Fire clay exports increased over 35% in 
tonnage and rose 79% in value. The price of 
exported fire clay rose by $10.73 to $43.57 
per ton. 

Fire clay was exported to 40 countries, 


and 
V. us ΠΣ, No: De Dee ὃ 1916. p. ης ae € 
*Iron Steel News—New 
Han Wa Line. V. 58, No. 11, Novem- 
ber 1976, p. 106. 
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with Canada, Mexico, and West Germany 
receiving 3896, 22%, and 15%. No imports 
of fire clay were reported during 1976. 
There are no price quotations in domestic 
journals for fire clay, but the per-ton value 
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reported by producers ranged from $8 to 
about $50. The reported average unit value 
for fire clay produced in the United States 
increased 996 from $11.01 per ton in 1975 to 
$11.97 in 1976. 


Table 14.— Fire clay sold or used by producers in the United States, by State! 


1916 1916 
— Short tons Value Short tons Value 

111111 u EEA S 249,810 067,100 872,971 0ΤΊ 
λα oco eee 106. P S615 gas ees 
Colorado 96 669 110,206 29,817 421,122 
Georgia -----.;.......---.5 3,890 21,890 9,941 59,680 
FFP 56,685 398,162 50,988 381,152 
Indiana 1,617 15,640 2.065 20,780 
ey ον ο τα 854,169 1. 82.147 909 273 11 128.406 
Montana ..-..------------------ 1 W 1,966 ' 5.792 
New dere 17,819 121,850 11,549 80,712 
9 W raniunzůꝝnuz— l lll 781 154 16582018 Se 757 15922 949 
Tens 210,590 54,885 259,580 
Ute 5,110 29 880 4,690 26,889 
Other States 288,748 8,884,058 296,222 4,866,808 
Total 8,268,008 $5,981,858 9,852,250 40,118,972 


,..... CN ONU πο μον 
uses : 
edes Ares (1115) Idaho, New Mexico, Washington, West Virginis, end data indicated by symbol W. 


Bentonite production in 1976 increased 
996 in tonnage and 1696 in value over that 


exports was noted along with a large increa- 
se in drilling mud and slight increases in 
animal feed and pet absorbent. 

Bentonite was produced in 15 States. 
Increased bontonite production was report- 
ed for Alabama, Arizona, California, Colora- 
do, Idaho, Kansas, Mississippi, Nevada, Ore- 
gon, South Dakota, Tennessee, Utah, and 
Wyoming. Production decreased in Monta- 
na and Texas. 

Generally, the high-swelling or sodium 
bentonites are produced chiefly in Wyo- 
ming, Montana, and South Dakota. The 
calcium or low-swelling bentonites are pro- 
duced in the other States. 

Industrial Mineral Ventures, Inc., report- 
ed to have invested up to $12 million in its 
Amargosa Valley, Nev., sepiolite, saponite, 
and hectorite mining and milling opera- 
tions. Industrywide improvements were 
continuing to be made in environmental 
controls systems and in automating, bag- 


ging, and handling procedures. Some exper- 
imental work was also underway exploring 
the practicality of switching from oil and 
gas firing in dryers to coal burning. 

On December 27, 1976, Chemical Market- 
ing Reporter quoted  bontonite prices 
unchanged. Domestic, 200-mesh, bags, car- 
load lots, f.o.b. mines, was priced from 
$15.50 to $16.00 per ton; and imported 
Italian, white, high-gel, bags, 5-ton lots, ex- 
warehouse, $337.60 ($0.1688 per pound) per 
ton. The average unit value reported by 
domestic producers for bentonite sold or 
used in 1976 was $16.61, an increase of $0.98 
from the $15.63 average of 1975. Per-ton 
values reported in the various producing 
States ranged from $4 to $41 but, as in 1975, 
the average value reported by the larger 


Bentonite exports in 1976 increased from 
697,000 tons in 1975 to 787,000 tons; value 
increased from 889.5 million in 1975 to $50.4 
million i in 1976. Although the tonnage 
ported increased nearly 18% above that 
shipped in 1975, the value increased 28%. 


"Nevada West and Pahrum (South Las Vegas, 
Nev.). V. E No. 1. January 1976 pp 1 10 11. 
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The increase in value was the result of 
increase in the unit value of ben- 
tonite from $56.60 per ton in 1975 to $64.04 
per ton in 1976. This increase in per-ton 
value was attributed to a large increase in 
the value of the higher cost drilling mud 
and foundry-grade bontonites shipped. Ex- 
ports in previous years consisted of a larger 
percentage of the lower cost pelletizing 
grades. Domestic bentonite producers were 
facing increased competition in foreign 
markets. Bentonite from the Greek Island 
of Milos was being blended with the U.S. 
clay for pelletizing Canadian taconite ores 
on a large scale. 

Bentonite was again exported to 88 coun- 
tries. The major recipients were Canada, 
50%; Japan, 1096; West Germany, 996; the 
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United Kingdom, 6%; Australia, 4%; and 
the others, 21%. Domestic bentonite pro- 
ducers reported the end use of their exports 
were foundry sand, 4896; drilling mud, 8896; 
iron ore pelletizing, 2296; and others (in- 
cluding medical, pharmaceutical, cosmetic, 
soil conditioner, and rubber), 296. 

Bentonite imports in 1976, including 
chemically activated material, totaled 2,945 
tons valued at $466,000 compared with 5,219 


. tons valued at $617,000 in 1975. The 2,849 


tons of chemically activated bentonite was 
imported from seven countries, with Mexico 
supplying 36%; Canada, 33%; Japan, 29%; 
and West Germany, France, the Philip- 
pines, and the United Kingdom the re- 
maining 296. Special-purpose Italian ben- 
tonite was also imported in 1976. | 


Table 15.—Bentonite sold or used by producers in the United States, by type and State 


Nonswelling 

τε Short tons - Value 

1975 
Arisona ο. - W W 
Colorado _____________ ee 
Mississippi ________-__- 264,089 — 4,601,219 
Montana.. E 2 
Ds a =: 2 
Texas ο W W 
Uteh --------------- 812 15,428 
ber Ras 1188 8s 18 808 fi 

Totaal 414,06 9,017,585 

1976 
Arisona - ~~. ______— w 
California 28,902 741,032 
Colorado ...... IIIII 1,200 9 
Mississippi ου 878,457 6,789,559 
Montana κο e 
Nevada _ -.. AER ae 
τος F 89,414 850,844 
Utah --------------- w is 
Other Sans ες “2254398 

Totaal 597,108 10608188 


Swelling Total 
Short tons Value Short tons Value 

w w 118 15,554 
49,017 31,469,862 71856 20485886 
2.506 1 2.506 26,241 
mt — 18900888 17742 1500358 
1,199 PC Mg 187 
300 600 1,112 16,028 
2,404,169 35,623,075 2,404,169 35,628,075 
117,988 52429544 8946 25,919,700 
2754761 — 41,457,459 8229267 50,475,044 

w w 21,921 861 
58,822 1,900,980 87724 2844012 
W W w 
Mn oe 878,457 6,789,569 
58,695 2,304,871 158, 1 
7,512 174,900 1,5 174,909 
181 29,024 1,814 29,024 

Mx ene 89,414 

2,000 8,000 2.000 8, 
495,797 — 89,514,148 495,797 39,514,743 
98,688 047 5,884,822 
9928278 47,861,423 8,520,881 58,464,561 


τ ο ee “Other States.” 


1Includes Alabama and data indicated 


SIncludes Idaho (1976), Kansas (1976), Suk Dakota, Tennessee (1976), and data indicated by symbol W. 
*Incomplete total; remainder included specific States. 


with totals for 


CLAYS 929 


Table 16.—Bentonite sold or used by producers in the United States, by type and use 


(Short tons) 
1975 1976 
U ο -----ςεος---ο-α τον πα... —— — GILZMNCAMOKRCIRACL IIT GC TUS —— . ONES ος προς ESS 
T μα Swelling Total μείον, Swelling — Total 
Domestic: 
!! ται W W 1,583 
Animal feed ___ _ ... 49714 1 6204 176,058 — 156655 156,652 
Catalysts (oil refining) _______ 7,418 ᾿ 7,460 2.208 9 17 
Cement, portland zi 836 s 2250 
Drilling mud _____________ 25809 710,48 7 29,451 950,099 973 
Fertilisers _.____________ 8,406 SN 8,406 9,160 9,160 
— a 
imal oils — 5,687 54,510 82,638 3.969 36.607 
Found sand οὔα---------- 242138 300 107939 288,169 357 foa 646,478 
Glazes, glass, and enamels_____ na 141 141 D , 
red etica] 8 bà 383 383 npe 410 470 
and c ie. 58 2.019 2077 ET 1,588 1,588 
Pelletising (ron. ) T 878022 878022 bi 868,947 868.340 
Pesticides and related products _ _ 2.462 517 8,566 
Pet absorbent _.__________ Sa 90,184 30,184 ES 35,416 35,416 
Floor and wall "m 477 p 
οκ 1,566 ie 7,566 15470 1955 15,410 
Wa fing and sealing _ _ _ _ 1,820 83,629 85,449 2402 63,989 65,791 
F 3,052 61,984 65,036 187 13,766 
Total 461,685 2820664 2.782349 56770 2,454179 8,021,888 
— — — — — 
! Drilling mud — 128 128,848 -- 184,572 18412 
VF 12821 ΙΙ 167/212 16891 153.74 170.660 
Gron ore) ___ — 142889 142,839 -— 199,06 199,596 
Other E 8,019 8,019 18,068 1,182 14,250 
Total 12,821 484097 446,918 29,899 4690999 498,498 
Grand total 474.506 2784761 3,229,267 591,108 2923, 278 8,520,881 


W Withheld to avoid disclosing individual company confidential data; included with “Miscellaneous.” 
!Incomplete total; remainder included with total for each specific use. 
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. 


Production of fuller's earth in 1976 in- 
creased 13% in quantity and 23% in value. 
The unit value assigned by domestic pro- 
ducers increased $3.35 in 1976 to $39.09 per 
ton. This increase in value was due to large 
increases in unit value by Florida, Georgia, 
Illinois, Mississippi, and South Carolina 
producers. 

Fuller's earth production was reported 
from operations in nine States. The two top 
producing States, Georgia (3996) and Flori- 
da (31%), accounted for 70% of the domestic 
production. The other seven States account- 
ed for the remaining 30%. All States show- 
ed slight gains in production. California and 
Missouri did not report any production in 
1976. 

Fuller's earth is defined as a nonplastic 


clay or claylike material, usually high in 
magnesia, which has adequate decolorizing 
and purifying properties. 

Production from the region that includes 
Attapulgus (Decatur County) Ga. and 
Quincy (Gadsden County), Fla., is composed 
predominantly of the distinct lath-shaped 
amphibole clay mineral attapulgite. Most of 
the fuller's earth produced in the other 


areas of the United States contains varie- 


ties of montmorillonite. 

Prices for fuller's earth were not publicly 
quoted in 1976, but the value per ton for 
attapulgite reported by producers ranged 
from $25 to over $55; montmorillonite 
prices ranged from $21 to $46. 

The tonnage, value, and unit value of 
fuller's earth exported to 36 countries were 
unchanged from 1975. The unit value of 
exported fuller’s earth declined $3.07 
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to $64.48 per ton. The major recipients were Imports of fuller’s earth in 1976 were 22 
the United Kingdom, 38%; Canada, 21%; tons valued at $2,000 all from the United 
the Netherlands, 19%; and other countries, Kingdom. 

the remaining 27%. 


Table 17.—Fuller’s earth sold or used by producers in the United States, by type and State 


Attapuigite Montmorillonite Total 

— ̃ —— Value — ΝΕ ΓΈΝΕΙ 

1975 
Florida ........................ 884,550 $15,755,082 EE 2S 384,550 $15,755,082 
Georgia W W W W 418 14,278,864 
Utah __ 2 -- SS 2,174 $49,000 2174 49,000 
Other States 1984884 112.619, 197 2467,456 714,075,847 9855927 12,420, 680 
Total _ 719,484 28,874,229 469,680 14124347 1,189,064 42,498,516 
1976 μμ μη CN CU UM CREME 
Horidqa ———-— 412,882 19,006,758 = = 412,882 19,006,753 
Mora = ο. ----- . 945,249 14,159,671 176,087 755,858 521 17,915,529 
UG τοσο τς wow ee . 65.960 x. pu. 
Other State 12140 11,184,481 9591086 714,276,802 405,226 15,460,788 
Total _.. 182,221 84,850,905 569,361 138,088, 110 1,841,582 52,439,015 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 
lIncludes Texas and data indicated by symbol W. 
ο ο ο (1975) South Carolina; Teamemes; Texas snd data indicated by aymbo: W. 


Table 18.—Fuller’s earth sold or used by producers in the United States, by type and use 


(Short tons) 
1975 1916 . 
Use Atta- Nontmoril- Atta- Montmoril- 
pulgite lonite Total = pulgite —  lonite Total 
Domestic: 

Rc E LE 5,090 __ 5090 3,278 __ 8,278 
icd and __ _ W w 17,682 Κ΄ w 50,244 
Drilling mud 87,981 É 1 418 80 
Fertilisers — = == Si 12,065 28.882 ὃ "ren 

decolarising . eral oils 
end goms — 22.262 a 22.262 22,674 2,118 24,787 
6 61 - 61 51 _ 1 
Oll and grease absorbents ο. 20094 148,141 349,015 70222 120,954 391,176 
Paper coating ----------- 4 = 4 1 με 150 
products 49,077 49,250 198301 154,180 50,889 205,019 
Pet absorbent ... 151,578 814,442 294,122 
Miscellaneous 8,088 19,051 19507 26,010 44,918 121,244 
Total; εκ Rasa 657,962 461,871 1,109,888 718,127 528,393 1,246,520 
Exports: 
Catalysts (oil refining) _ _ _ _ _ _ w w m ae M 
Delite mad . W 2i 82 451 n 451 
Fertilisers _____________ w W 2,089 FS Nx s 
Oil and grease abaorbents 17,071 4,544 21,021 81928 141 82,064 
Pet absorbent ___ _ 32811 5,784 38045 28218 22,890 46,048 
Miscellaneous ..... 12,084 7,981 114746 8,496 7,991 16,493 
Total _._____________ 61,472 18,259 79,781 64,094 30,968 95,062 
Grand total 719,484 469,690 — 1,189,064 782221 559,861 1,341,582 


eese οὐ ries oin “Miscellaneous.” 
1Incomplete total; remainder included with total for each specific use. 
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Figure 3.—Fuller's earth sold and used by domestic producers for specified uses. 


COMMON CLAY 


Domestic production of common clay and 
shale in 1976 totaled 37.6 million tons 
valued at $79.8 million. Common clay and 
shale represented 71% of the quantity and 
1596 of the value of the total clays in 1976. 
Puerto Rican production and value of com- 
mon clay and shale were withheld to avoid 
disclosing confidential company data. Do- 
mestic output in 1976 increased 596 above 
that reported for 1975. 

Common clays and shales are for the most 
part used by the producer in fabricating or 
manufacturing products. Less than 10% of 
the total clay and shale output was sold. 


The average unit value for all common clay 
and shale produced in the United States 
and Puerto Rico in 1976 was $2.12 per short 
ton, $0.25 more than in 1975. The range in 
unit value reported for the bulk of the 
output was from $1 to $5 per ton. 

Common clay is defined as a clay or 
claylike material which is sufficiently plas- 
tic to permit ready mold and vitrification 
below 1,100* C. Shale is consolidated sedi- 
mentary rock composed chiefly of clay 
minerals that has been both laminated and 
indurated while buried under other sedi- 
ments. These materials are used in the 
manufacture of structural clay products, 
such as brick and drain tile, portland ce- 
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ment clinker, and bloated lightweight 
te. 

In 1976, Dickey Co., Pittsburg, Kans., 
announced that it and Hepworth Ceramic 
Holdings, Ltd., had reached an agree- 
ment to merge with a U.S. subsidiary of 
Hepworth. Dickey is a large Midwest manu- 
facturer of large-diameter clay sewer pipe. 
The output of the energy-intensive common 
clay and shale industry was hindered again 
by shortages of fuel and labor. Construc- 
tion rates increased in 1976. Industry- 
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wide attention was focusing on coal firing as 
a possible escape from the high cost and 
shortages of oil and gas. 

Exports of common clay and shale are not 
talied by the U.S. Department of Com- 
merce. Most countries have local deposits of 
either clays or shales that are adequate for 
manufacturing structural clay products, ce- 
ment clinker, and lightweight aggregates, 
and thus have no need to import such 
materials. 


Table 19.—Common clay and shale sold ied m by producers in the United States, by 


1975 1976 
State 
Short tons Value Short tons Value 

Alabama .. _ 2222222- 246 $2,528,551 1,781,841 $2,674,718 
Arkansas 918,180 1,054,415 998,033 1,285,755 
California .... __~__~_________ 828 4,900,163 1,992,487 4,928,952 
Colorado ............--..------------------------- 451,050 964,882 450,202 1,554,488 
Connecticut .....------.-----.---.--------.-- 115,688 806,531 130,483 421,080 
Delaware ------ -.-.. -.-. -.-.-- 9,396 5,638 11,241 7,900 
EN CM NEP NEM . 
Georgia 2222 ST 1,809,501 2,855,606 1,258,136 2,889,988 
Indiaanaassss 092,023 1,944,931 1,262,642 2,287,649 
IOWU VI EE EEE EE EE, 959,811 1,916,060 1,016,772 8 
. o --ocacmexzecc—-—- 1,171,605 1,608,860 ; 1 1,868,714 
Kentucky ............-------------------------- 681,789 861,898 668,425 1,814,500 
Louisiana ........-------------------------- 530,925 1,182,291 512,512 1,158,137 
Malné . ²ð¾ a A LLL αμα 125,474 202,880 188,617 216,060 
Maryland .........΄΄΄-΄------------------------ ,946 1,450,124 702,361 1,816,949 

Massachusetts __________________ 124,864 227,598 1 291,1 
Michigan 1,818,102 8,579,774 1, 4,741,192 
Mississippi ο ον ος 86 1,152,822 ΦΊ 4,628 1,113,723 2,109,552 
J 8 1,209,273 1 433 1 2,123,604 
Montana 2c uomo 44019 77,878 81,660 45,971 
Nebraska aa 194,975 416,886 149,275 844,688 
New Jersey __ / 50,000 ,000 50,000 ,000 
New Mexico 43,848 60,669 55,926 116,086 
New York e Bm 817,186 1,561,094 548 ,528 
North Carolina 2,581,960 4,093,650 2,750,011 677, 254 
Ohio lee Lei 8 2654018 825 ; 9,878,707 
ο οι ned Pe ee AR EAE ENED 995,200 1,700,763 1,154,656 1,678,247 
Oregon __ uz os oe ee 118,845 199,647 1 286,407 
Pennsylvania 1,164,167 8,809 1,452,729 4,108,000 
Puerto Rico __________________-_ 941,842 440,117 w w 
South Carolina _ . . -.--------------.-.---΄ 1,150,685 2,446,479 1,681,062 8,457,856 
South Dakota 187,854 184, 123,842 187,066 
Tennessee 1,159,058 1,015,924 1,581,586 
NORMS: et oos ae R 529 : 12 7,621,582 
Utah. c oe eee eae 211,275 453, 087 197,840 440,094 
( ͤ—TZ— 819,458 1,152,084 086 1,210,199 
Washington ___________________ ,693 177,761 ,856 1,140,537 
West Virginia 218,300 439,165 215,138 468,583 
Wiscon ini 2,400 4416 W W 
rs κα πω ONCE 8 177,978 568 201,440 500,460 
States? __ _ ee eee 688,885 647,770 1,025,188 
Toal 85,666,286 66,649,947 81,519,632 79,828,878 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 


!Includes 


Puerto Rico. 
s iude Arne, Hawail, ˙ ˙m η.” 
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The manufacture of heavy clay products 
(building brick, sewer pipe, drain, roofing, 
structural, terra cotta, and other tile), port- 
land cement and clinker, and lightweight 

te accounted for 8896, 21%, and 
12%, respectively, of the total domestic 
consumption for 1976. In summary, 71% of 
all clay produced in 1976 was consumed in 
the manufacture of these clay- and shale- 
based construction materials. The foregoing 
clay tonnage relationships were similar to 
those reported for 1975. The utilization of 
clays in 1976 for heavy clay products and 
portland cement increased 14% and 12%, 
respectively, over that reported in 1975. 

Heavy Clay Products.—The values re- 
ported for shipments of heavy clay products 
in 1976 increased 2096 to $784 million from 
the 1975 value of $656 million. Trends in the 
various product categories were less consist- 
ent. Thousand-unit counts for building or 
common face brick increased 1996 in 1976 
from that shipped in 1975; shipments of 
glazed and unglazed ceramic tile and glazed 
brick decreased 2296, and clay floor and 
wall tile increased 1090. The tonnage of 
unglazed structural tile decreased 1996, and 
vitrified clay sewer pipe and fittings ship- 
ped during the year declined 8%. The value 
of these shipments increased 2996 for build- 
ing brick and clay and 1796 for floor and 
wall tile. The value declined less than 196 
for clay sewer pipe and over 1896 for the 
structural tiles 


Lightweight Aggregate.—Consumption of 
clay and shale in the making of lightweight 
aggregate declined in 1976 to 6,180,648 tons. 
This was a 24% decrease from the 8.1 
million tons used in 1975. 

The tonnage of raw material mentioned 
in tables 20 and 28 for lightweight aggre- 
gate production refers only to clay and 
shale and does not include the quantity of 
slate and blast furnace slag similarly used. 
In 1976, 528,000 tons of slate was expanded 
for lightweight aggregate, 896 above the 
1975 figure of 510,000 tons. The National 
Slag Association reported that the amount 
of slag used for lightweight concrete aggre- 
gate and in block manufacture increased 
87% from 1,092,000 tons in 1975 to 1,492,000 
tons in 19776. 


Refractories.—All types of clay were used 
in manufacturing refractories. Fire clay, 
kaolin, and bentonites accounted for 5996, 
17%, and 1896, respectively, of the total 
clays used for this purpose. Bentonite was 
used primarily as a bonding agent in pro- 
prietary foundry formulations. Minor ton- 
nages of ball clay (296), fuller's earth, and 
common clay and shale (the remaining 996) 
were also used, primarily as bonding agents. 

The tonnage used for refractories in 1976 
increased to slightly more than 990 of the 
total clays produced. This slight increase in 
the use of clay-based refractories continued 
for a fifth year, a reversal in the downward 
pattern set for α number of years. The 
increase was due primarily to both the 
continued expansion in refractory aggre- 
gate production and an upsurge in the 
manufacturing of more conventional brick- 
type refractories. Refractory aggregates are 
used mostly in plastic, gunning, ramming, 
and castable mixes. 

Filler.—All clays are used to some extent 
as fillers in one or more areas of use. 
Kaolin, fuller’s earth, and bentonite are the 
principal filler clays. Kaolin was used in the 
manufacture of a large number of products, 


E 
carriers, diluents, or prilling agents. Ben- 
tonites were used mainly in animal feed. 

Seven percent of the clay produced in 
1976 was used in filler applications. Of all 
the clay used for these purposes, kaolin 
accounted for 7296, fuller's earth 5%, and 
bentonite 4%. Ball clay and common clay 
and shale accounted for the remaining 19%. 
The total amount of kaolin consumed by 
this end use category increased 28%. In the 
individual kaolin categories, increases of 
over 100% were recorded in animal feeds 
and medical, pharmaceutical, and cosmetic 
categories. Other increases. were paint 
(8496), gypsum products (66%), paper filling 
(51%), plastics (84%), paper coating (9%), 
and rubber (7%). Total quantity of fuller's 
earth used in insecticides and fungicides 
increased 3%. 
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Absorbent Uses.—Absorbent uses for 
clays, 1,156,455 tons, consumed 2% of the 
total 1976 clay production. Demand for 
absorbents in 1976 increased 59% over that 
reported for 1975. Fuller’s earth was the 
principal clay used in absorbent applica- 
tions; 62% of the entire output was consum- 
ed for this purpose. Bentonite was used to a 
lesser degree. Demand for clays in pet 
absorbent, representing 8196 of the 1976 
absorbent demand, increased 18% from 
that reported for 1975. Demand for use in 
floor absorbents, chiefly to absorb hazard- 

ous oily substances, represented the re- 
maining 56% of absorbent demand and 
increased 25% from the 1975 figure. 

Drilling Mud.—Demand for clays in 
rotary-drilling muds increased 27% in 1976, 
from 827,962 tons in 1975 to 1,049,745 tons. 
This increase in demand, mostly in explora- 
eee 
in oil well drilling, was spurred by the 
deregulation of "new" gas introduced into 
the interstate market after April 6, 1972. 
Drilling muds consumed 296 of the entire 
1976 clay production. Swelling-type benton- 
ite is the principal clay used in drilling mud 
mixes, although fuller's earth or nonswel- 
ling bentonite is also used to a limited 
extent. Bentonite and fuller's earth accoun- 
ted for nearly 100% of the total amount of 
clay used for this purpose. Small amounts of 


ball clay, common clay and shale, and 
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koalin were used in specialized formula- 
tions. 


Floor and Wall Tile.—Common clay and 
shale, ball clay, koalin, fire clay, and ben- 
tonite, in order of demand, were used in 
manufacturing floor, wall, and quarry tile. 
This tile end use category accounted for less 
than 196 of the total clay production in 
1976. Demand in 1976, 381,641 tons, decreas- 
ed 496 from that shown in 1975. 

Pelletizing Iron Ore.—Bentonite is used 
as a binder in forming iron ore pellets. 
Demand decreased slightly in 1976 to 
868,947 tons. This decrease in the use of 
bentonite for iron ore pelletizing, reflecting 
a downturn in steel production, was com- 
pounded by inroads made by cheaper 
foreign bentonites into a traditional U.S. 
clay market. Of the total bentonite produc- 
ed in 1976, about 30% of the swelling 
variety was consumed for this purpose. U.S. 
deposits continued to be the major source 
for swelling bentonites. 

Ceramics.— The total demand for clays in 
the manufacture of pottery, sanitary ware, 
china and dinnerware, and related pro- 
ducts, excluding clay flower pots, accounted 
for 296 of the total 1976 clay output. The 
total clay demand, principally ball and 
kaolin clays, increased from approximately 
616,000 tons in 1975 to approximately 
1,052,848 tons in 1976. 
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Table 21.—Shipments of principal structural clay products in the United States 
Products 1972 1978 1914 1975 1976 


Unglased common and face brick: m "mi si 
io 0 1 NR NR 
Unglased structural tile: 
F ie d- 8 4 M M g 
Vitrified clay and sewer pipe fittings: = ü 
F AAA Du thousand short toma... 1145 rite 1154 1124 1123 
nglased, salt giased, and ceramic glased structural 7 
tile, including gland brick: i e 
r— t dollara. _ $13 $13 $13 $11 $10 
%%% aE CHEN: million square feet 80 
al - Lo o το ο cri -million dollars... $159 $168 $168 $159 $186 
Total value do... $722 $718 $005 $656 $784 


Pata may not add to totals shown because of independent rounding. 


Table 22.—Common clay and shale used in building brick production in the United States 


in 1976, by State 
State Short tons Value State Short tons Value 

Alabama 788,119 $1,005,810 Nebraska 100,455 $240,828 
Arizona, Hawaii, Idaho 56,006 87,581 NewdJersey-  _ 50,000 250,000 
Arkansas 645498 — 642,028 New Mexico and North 
California 481972 978,876 Dakota 67,112 
Colorado 424112 1,528,198 New Loh 166,122 318,728 
Connecticut ---------- 124148 110,058 North Carolina 2184284 3.709 214 
Delaware 11.241 1869 Ohio 1,858,258 8,221,229 
Florida _______.______ 2.863 4995 Oklahoma 580,541 
E LE G eee 2 siea 

CCC 468,228 741 thCaroina .. . . 1262287 2,590,168 
Iowa and Maine 250,718 405 . 12.168 17,474 
Kentucky ____________ 2564246 110.425 Teras 1551 64 
Louisiana ui 172,041 1 318.408 Utah and —— us 
FFF I , FTT. 754.28 — 1,048,982 
Mississippi |... 210804 1 794,658 w F 2640 wi 
JJ... m umm Wm τοις 52109 — 201820 
Montana and Total _.___________ 17,584,898 35,216,985 

New Hampshire ......- 88,486 79,843 


Table 23.—Clay and shale used in lightweight aggregate γένη in the United States 
an 


in 1976, by 
Short tons 
State Concrete Structural Highway 
block concrete surfacing Other Total value 
Alabama and Arkansas .. .  . . 698,286 152,281 660 ΠΕ 879,177 $1,079,432 
California 202,496 194,015 = _— 80,864 416,995 148147 
Colorado, Georgia __ 194,455 49, a2 01 1 
Illinois, Indiana, lors 695,719 3, 1,844,150 
Kanses, Ken Louisiana 07 85,798 75,809 20299 6518976 1,089,179 
land, Massach Minnesota 482,968 21 -- 26186 531131 1,086, 
—. VCC 166,619 14,058 20,016 we 14 801,122 
Nebraska, North Carolina .... gris E cs 914.000 
n Ne i 540 — a; BUB m 
ολο ο τω 121,983 81,818 es _— 208,061 875,645 
Dakota, Utah, Washington _ _ _ _ — 44577 8842 s = 1897719 
Texas ~------------------ 421.03 231,902 — 13788 964,424 1599 554 
Virginia ΟὋ-.--.---------- 99,040 1,855 gi 4,898 105,728 158,598 


„„ ώμος 4,820,662 1,288,810 425,887 145,884 6,180,648 12,870,504 
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Table 24.—Shipments of refractories in the United States, by kind 


Unit of 1975 1976 
Product quantit; Quan Val Quan Val 
tity (thousands) . tty (thousands) 
CLAY REFRACTORIES 
Superduty fire clay brick and shapes _ _ _. _ _ 1,000 9-inch 69,945 $37,782 δΊ 058 $96,842 
Other fire clay, semisilica, ---.do... 901,687 12,521 184,879 714,306 
brick and ad ten 
tank blocks, = 
structure parts anly Sor glass” l 
ο ο... brick EON. _ _ _ 70,688 78,152 7 
κε ( Αν 8, 68,881 8,588 
ο... 
firebrick and ahapes _~__d0 ___ 56,662 26,658 51,787 27,189 
Ladle brick κα —— 1714580 86,81 197,075 
Sleeves, nozzles, runner brick, and ----do..- 86,048 19,858 21,887 
Hot-top refractories ................-....--------------- Shorttons . 19,182 22,940 
Kiln t heater ele- ----4ο...... 18,784 NA 15,659 
ο ο. -- 
bonding mortars ..........-..-.---- ----do--- 106,126 18,646 17 
Plastic and ramming ----ἃο..... 200,155 s 238911 47682 
mixes, containing up to 87.596 
Castable refractories . ..------------ ----Ho--. 268,108 51,294 207, 609 57, 708 
Z =a ! ON UNICI NIE Sce es ,995 8,652 51,865 10,159 
Other refractory sold ----do... 840,572 16,062 5,8 
in lump or ground form.® * 
Total clay refractoriessss XX 409,879 XX 448,471 
NONCLAY REFRACTORIES 
Silica brick and shapes __ s 1,000 9-inch 87,418 29,876 88,669 85,721 
Magnesite and magnesite-chrome ----do.-- 79245 152,060 85,106 187,185 
VVV munde σου 18,890 25,148 18,428 29,455 
“hapaa containing nat- Short tons 19,196 21,752 19,852 24,286 
carbon refractories: Forsterite, 1,000 9-inch 21,159 64,710 28,582 84,159 
pyrophyllite, dolomite, dolomite-mag- 
= molten cant, and other brick 
Other i ----8o-.-- 8 12,642 716 1 
m te, kyanite, sillimanite, or 4.27 2, 8, 2,856 
Other extra high (over 60% alumina ---.do.-- 8,788 20,142 4,205 28,197 
brick and fused bauxite, alu- 
mina, and dense-sintered alumina 
Silicon carbide brick, shape, and ----δο...... 4,522 24,915 4,689 21,915 
zircon and zirconia brick and shapes do 2,121 16,786 1,828 18,287 
Refractory bonding mortar__.._...._.. Short tons 7,190 9,182 26,994 8,551 
Hydraulic-setting nonclay refractory ----Δο...... 40,071 16,829 45,869 19,886 
Plastic refractories and ramming ---.do.-- 171,648 48,182 172,510 50,085 
Gunning mixes ..........---.---...----......... ----do... 311 510 160 
F. Me EUR 551.106 85.211 828542 78, 187 
Other material ----do... 482,266 20,859 491,826 25,661 
sold in lump or ground form.* 
Total nonclay refractories |... Scc XX 595,864 XX 682,628 
Grand total refractoriess XX 1,006,743 XX 1,181,099 
ΝΑ Not available. XX Not applicable. 
1Heated short of fusion; volatile materials thus being driven off in the presence of chemical changes, giving more 


stable material for refractory use 
s More or lees plastic brick and materials which, after the addition of any water needed, are rammed into place. 
Materials for domestic use as finished refractories, and all exported material. 
Including calcined clay, ground brick, and siliceous and other gunning mixes. 
Molten cast refractories are made by fusing refractory oxides and pouring the molten material into molds to form 


“Completely melted and cooled, then crushed and graded for use in a refractory. 
"Includes shipments to refractory producers for reprocessing in the manufacture of other refractories. 
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Table 26.—U.S. imports for consumption of clay in 1976 


Kind 


China clay or kaolin, whether or not beneficiated: 


Bentonite: 


Common bine snd other all cay 
Not beneficiated: U nied τα. 

Common blue and other ball 
Wholly or partly beneficia 


— op «D Oum GUD ap Ap emp GUD GU WD cnp απαν G G G sQ up αρ OD 4 aD a ow X 4 «πρ ss «παν “ s“ 


iLess than 1/2 unit. 


Quantity Value 

(short (thou- 

tons) sands) 
777 et 1 1 
5 524 ὃ 
V 4 () 
JFF 2 1 
GIRO RR DE 4 2 
VV 22.571 793 
. eee 28,106 836 
FFF 2 
πι... 21 1 
FF 18 3 
7 ο... 6 (1) 
F 56 6 
1:1. AES 96 10 
9 eee eee 8,630 242 
7 AE, 2,014 100 
Se eee eee 457 16 
JFF 84 1 
"—ÉÓ 491 17 
J TETEE 8 1 
PFF 50 7 
ο ου ---- 157 22 
67 8 10 1 
το ο ο. 21 1 
e - 1,208 119 
J SE E 1,460 151 
71. ee ---. 980 62 
C0 1 2 
F 58 28 
FFC 821 258 
το. οι... 1,089 104 
ο ας ταν. (1) 1 
es cae (1) 1 
3 ˙ ELETT 2.849 456 
ο ο πμ 38,668 1,814 


WORLD REVIEW 


Australia.—The Dressler Ceramic Group 
of Pulman-Swindell, a division of Pullman, 
Inc., Pittsburgh, Pa., received a $1.1 million 
contract from Cragie Clays Pty. Ltd. of 
Longford, Tasmania. Cragie Clays is a divi- 
sion of Clifton Brick Ltd. The contract 
covers a tunnel kiln, dryer, and related 
facilities to manufacture bricks.* Another 
contract was awarded to the same group by 
Brick and Pipe Industries Ltd. of Mel- 
bourne, Australia. This contract covered 


design, engineering, and construction of a 
tunnel kiln, dryer, and associated facilities.* 
A consortium of Consolidated Gold Fields 
Australia, Western Titanium Ltd., and Win- 
jallock Resources Ltd. formed Western Aus- 
tralian Kaolin Co. to exploit high-grade 


1 8 10 Industry Briefs — Contracts. V. 218, No. 14, 
Oct 4, 1976, p 27. 

"Iron Industry Briefs-Contracts. V. 218, No. 23, Dec. 
6, 1976, p. 
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kaolin reserves near Gabbin, about 200 
miles northeast of Perth, in Western 
Australia. 

Bolivia. —Plans were announced for a 
bentonite beneficiation plant near Oruro on 
the Altiplano, to come onstream in early 
1977. The new plant was to be built by the 
Baroid Div. of NL Industries, Inc., in a joint 
venture with the local Mosamar Co. Depo- 
sits of kaolin were also found on the Altipla- 
no as well as in the east, near Santa Cruz." 

. Brazil.—Laporte Industries Ltd. (United 
Kingdom) acquired a 4096 participation in 
the major domestic bentonite manufacturer 
Bentonite Uniao Group (BUN), for an esti- 
mated $3 million. Caulim Da 

Ltda. scheduled startup of its 850,000-ton- 
per-year kaolin operation at Monte Doura- 
do, Munguba, for May of 1977. The benefi- 
ciation plant’s 220,000-ton-per-year capacity 
was targeted for the paper industry. 

In another kaolin operation, J. M. Huber 
Corp. and Construtora Mendes Junior S.A. 
were constructing a kaolin slurry plant to 
exploit deposits located on the Rio Capim, in 
the State of P. 

Burundi.—An open pit kaolin mining 
operation was being set up in the Kayanza 
region. The entire 3,000 tons scheduled for 
production annually was to be used as an 
inert carrier for domestically produced 
pesticides." 

Canada.—English China Clay Ltd. (ECC) 
completed a new slurry facility for its im- 
ported kaolin at Three Rivers, Quebec. 

Guyana.— The. Government of Guyana’s 
16,000-ton-per-year airfloat plant was 
expanded to about 40,000 tons. The plant, 
located at San Isidrio in the State of Bo- 
livar, about 225 miles southeast of Porto 
Ordaz, processes a sandy primary kaolin by 
a novel dry technique.“ 

India.—Maharaja  Cassimbajar China 
Clay Mines Pvt. Ltd. was in the process of 
doubling the crude output of its kaolin clay 
operation in the Singbhum, Bihar area, to 
80,000 tons per year. Production of refined 
levigated kaolin was similarly doubled from 
9,000 to 18,000 tons per year. The clay is 
consumed domestically by paper (3096), ce- 
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. ramics (80%), and textiles (15%), as well as 
. the rubber, refractories, and paint indus- 


tries. 

Iran. —A $2.5 million contract was signed 
with the Industrial Equipment Div. of F. L. 
Smidth & Co. and the Danish Leca Co. to 
supply a complete lightweight expanded 
clay aggregate plant. Delivery was set for 
early 1977, and on completion the plant will 
be the first lightweight aggregate facility in 
the Middle East.:* 

Mexico.—Construction of a new plant 
near Puebla for manufacturing split and 
ornamental tile and glazed and unglazed 
brick was announced by Industrial Texme- 
lucan Co. The new plant's rated capacity 
was to be around 230 tons per day. 

Philippines.—Filmag Philippines Inc.'s 
40 ,000-ton-per-year bentonite and process- 

ing plant at Merida, northwestern Leyte, 
wae to begin operations at yearend. Most of 
the output was scheduled for export. 

South Africa, Republic of.—The benton- 
ite, open pit mine operated by Pratley 
Perlite Mining Co. Pty. Ltd. at Nxwala, 
Zululand, was to be onstream at yearend. A 
beneficiation plant at Krugersdorp was cur- 
rently under construction.” 

Turkey.—The reserves of nonmetallic 
minerals of Eskisehir Province were report- 
ed to include over 500,000 tons of kaolin.” 


léTannicelli, J. Kaolin—Modest Recovery, Higher Prices 
in 1916. Eng. Min. J., v. 178, No. 3, March 1977, pp. 189-140. 
BUS. State Department 


Paz, Bolivia. | 
EI S 
Chemical News. ECN Market 
Brief. V. 28, No. 188, May 28, 1916, p. 12. 
13Industrial Minerals (London) Com 
Mineral Notes. No. 108, April 1976, p. 66. 
1. Work cited in footnote 10 
18Industrial 


Minerals 1 
Notes. No. 110, November 1976, p. 
18 Work cited in footnote ^ 

17Work cited in footnote 10 
industrial Minerals (London). No. 107, August 1976, p. 


19Rock Products. Rock Newscope. V. 79, Νο. 8, August 
1916, p. 18. ia: 


exican Tile Plant Amnomeed V. ὃν No 
vr uim V. 55. No. 5. 5 
p. 824 
mindustrial Minerals (London) No. 108, September 
1916, p. 53. 
35 Work cited in footnote 18 
Industrial Minerals Mise eie London] No. 109, October 1976, p. 
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Table 27.—Kaolin: World production, by country 


(Thousand short tons) 
Country! 1974 1975 1976” 
North America: 
United States? ------------------------ T- τν 6116 
South America: U U | 
)) RD Επ Z T esa 108 104 *105 
Brasil (beneficiated) ______.____________________ 191 191 *191 
(9 017 te a uu τε -k 8 66 74 
Colombia 115 7188 165 
Paes NH M νεο ον AC SC στ Dare M OCC E 18 k 5; 
Ευ ον ο a ως. r τας 15 
Venesuela _.___ ~~ „„ 19 17 11 
Austria (marketable))))))) 90 83 919 
το ο ο ο το ο κ ο ĩ ενα 110 110 110 
J))))õͤͤõĩõĩõĩ?[ ⁵ ?] ˙ xxx E N 165 165 166 
ELS ο τα τρ ο ο . ĩ 594 580 601 
Denmark 20 20 20 
ume Maarten 546 462 400 
Greece J. 86 91 80 18 
ungary -----.------------------------------------------------------- 
Italy: 
tly ade J ea M ER y 90 86 90 
Kaolinitic eartgùgddu 25 81 29 
σος... n y mr . u uns * U^ 
Romania® _________________________________ 96 96 100 
Spain (marketable) Pn ĩ gree eae ne ror oe ee 228 229 218 
URAR MORSU AAA K aa 2,900 2,400 2,400 
sss 10 12 12 
Angola . II ZIZI II C C C. (8) 9 PK 
Rc μα n aA LA x T AE 990 81 
(including Eritrea) -......--------------------------.-----.------ τοι bb °55 
7%%%%%%%%ê JJ y ο ta erae (5 5 — 
Republic c a ee ees 4 : = 
South Africa, Republic VF 5⁴ 63 66 
— — 1141 
Tann 25 Scar eee ew ee eee ee ee as 1 1 01 
Asia: 
nk. S ο RN 4 2 1 
Kong -__ ——-——-————-————— 
% ˙ XE 311 250 828 
CCT) a ss 2 116 104 108 
Indonesia ou ðV!/ A amic 28 999 
ils dee eM ca *110 *110 140 
ας τει a ο ο ων πλ 18 11 
Japan ........- ο ρα ο ον 456 s τ. 
Malaysia __ _ onus o rc E 161 19 
Pakistan S S S s xx s S 8 11 2 1 
, ο d RE erar a ία» 6 4 5 
Taiwan? ο το ως ομως ον ο edu 28 28 28 
Thaland ce y; Reims abii *22 17 18 
pio, ec d aaa 28 88 72 
Oceania: 
pD-————————ÁÉ———— 108 *110 *110 
New Zealand ..........--------------------------------------------------------. 18 80 
Total ο ο ns 717,654 15,969 17,029 
In addition to the the * of China, East Germany, I Lebanon, 
E mue ke pets rti d Our Ret ore d 
— — Morocco, and Mozambique each produced less than 500 tons in each of the years 
SKaolin sold or used by producers. 
“Excludes unwashed kaolin as follows in thousand short tons: 1974—84; 1975—187; 1976—150 (estimated). 
Revised to 
Less than 1/2 unit. 
*Data given are for ceramic and pottery clays. 
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Table 28.—Bentonite: Worid production, by country 


(Short tons) 
Country! | 1974 1975 1916’ 
North America: 
ERR REUTERS ³ðVW³AA ³ ] ⁵ 2 910 
als san ask un ⁵ ⁵³ D 8 61,445 
United States ...............--------------------------------------------------- 3,310,500 8,229,261 8,979,117 
777 ̃˙ —. ee a 127,970 5121000 
Εν ον ον τος ο τος 85,008 128,188 9142000 
Colombia -—----------------------------------—- 1,100 *1,100 61100 
τ. oo oo uod plc e το τω. Σ91100 1228. 1 
Europe: 
Franc 2.2 u. E μμ S LA ee se St 15,400 15,400 15,400 
apoq —————— ——————À eee eu *886,000 yt 
TAPAS ο ον ια το ας δι 879,089 308,691 
Polind 52 ſddſddſſ y ic VE 55,000 55,600 
Romania" e . RET 69,200 769, 200 10000 
ϑραα.. -------------------- 89,684 89,060 
Algeria (bentoniteclay* ..............---------------------------------------- eye 739,000 48,600 
e αν ος ο. pi sg 4,400 2, 2,000 
South Republic ak «kk 41,671 41,891 43,654 
G x. IEEE 378 
)).! 8 "55,000 *55,000 
Israel (metabentdhite) ————------------------------—- 4,190 8,900 17,000 
7J777ͥͤÜ“n“àn½ T 14 *440,000 
e 1,010 1015 7 
) ⁵⁵wp!p 14,793 43 000 
Turkey 4, ,882 44, 
Australia! —— — i ð ͥ 885 ($) - 
New Zealand (processed) ..........-.-------------------------------------------- 1,206 55,788 1,149 
J)GGGGͤĩĩſ ³oÜ¹i ß 75,369,681 5.219,10 5,906,484 
Estimate. Preliminary. ‘Revised. 
B sese pu dise diti skay κανα, Te vires Mn his able parendi Aqa bad and the U. S. S. R. 
believed to have tonite, but output is not reported vailable information is inadequate to make 
reliable estimates of output levels. 
*[ncluding bentonite clay. 
*Revised to zero. 
"Includes unprocessed bentonite. 


Table 29.—Fuller’s earth: World production, by country! 


(Short tons) 
Country? 1974 1975 1976? 

e p ο LIE -- 24,251 r 924.800 ix 
Argentina 66 oe eee 8 288 260 b 
Australia 5: o oc ecce mE eue ui i. *90 *90 
Illy Tu ο κ . ud 116,078 77. 700 21,402 
Mexio ον ² ² ( LE LLL ασ εως 42,105 22,165 
Morocco (smectite) -.........-.------------.-.-.--------------------.-. 150 26,147 40,580 
ο ο ο ο p τα αι ο We eer 17,216 12,775 *21,000 

Senegal (attapulgite)h „„ „„ „ 10,774 18,407 
United Kingdom ⅛ y T——. eL eere 182,980 180,779 *175,000 
United States 2-2 ος ώς ες cca 1,224,640 1,189,064 1,941,582 
TOR oe coe ecc LLL 1,657,780 1,571,627 1,657,444 


2 . inap, 


In addition to the countries listed, France, perle ha ve reportedly. preduoad filler s earth the 
jest dec] tang ος do κ) Dot catgut E nor ολο aud idle in is inadequate to make reliable 
estimates of output levels. 
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United Kingdom.—In the past year, ECC 
has emphasized developing distribution and 
Storage systems (see Canada) and exploit- 
ation of overseas deposits. Significant re- 
serves of kaolin have been found in France 
and acquired with French partners.* ECC 
Started up an 84-inch high gradient wet 
magnetic separator (HGMS) in Cornwall 
during June and planned to take delivery of 
a second unit in 1977.** These units, similar 
to the four now operating in Georgia, are 
used to extract mica and other feebly 
magnetic contaminants from kaolin. He- 
merdon Mining and Smelting Ltd. complet- 
ed initial exploration drilling on a china 
clay-tin-tungsten prospect on the edge of 
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the Dartmoor, 7 miles from Plymouth in 
Devon. Assay results from these holes were 
unannounced, but further drilling was 
contemplated In clay deliveries ECC has 
chosen a system of flexible intermediate 
bulk containers termed '"MiniBULK."* 
These containers, in suitable ships, could 
reduce shipment costs by 3096, and waste 
through damaged sacks to zero. 

Yugoslavia.—The bentonite facility at 
Kriva Polanka, Serbia, was to be augment- 
ed with a new 20,000-ton-per-year soda ash- 
treated bentonite plant. The new plant, 
costing about $5 million, will boost total 
production to 40,000 tons. The soda ash- 
"oUm P 
application.“ 


TECHNOLOGY 


The Federal Bureau of Mines and nine 
companies (one less than in 1975) eight 
aluminum producers and a refractory 
manufacturer continued cosponsoring re- 
search on extracting alumina from domestic 
materials that are plentiful which could 
ease our dependence on imported metal- 
lurgical- and refractory-grade bauxite. Us- 
ing miniplant facilities at the Boulder City 
(Nev.) Metallurgy Laboratory, and with sup- 
port from the eight other Bureau Research 
Centers, researchers were investigating 
several methods for extracting alumina 
from clays, anorthosite, alunite, and 
dawsonite-bearing oil shales. Each partici- 
pating company was contributing $50,000 
annually, with the cost to the Bureau in 
excess of $500,000 annually. 

The clay-nitric acid miniplant, the first 
acid process studied, using calcined kaolin 
was successfully completed and placed on a 
standby basis. The miniplant study showed 
that with four stages of countercurrent 
decantation (CCD), over 90% of the alumina 
was recoverable. Current work was being 
devoted to the design, construction, and 
operation of a kaolin clay-hydrochloric acid 
miniplant. This miniplant has already been 
operated for two continuous campaigns of 
the leaching, solvent extraction, and solids- 
liquid separation sections mainly to opti- 
mize alumina recovery from the leach solu- 
tions. Preliminary data show that recov- 
eries of over 95% of the acid-soluble alumi- 
na during leaching is possible with a CCD 
circuit. 

A complex problem of ΑΙΟ1..6Η«Ο crystal- 
lization in the circulating pump was solved 
by a redesigned pump, that eliminated salt 


supersaturation. Another problem area, 
thermal decomposition of the salt to alumi- 
na in the miniplant, was studied in an 
indirectly heated rotary calciner and a sili- 
con carbide-heated rotary calciner. These 
simulated studies have achieved over 90% 
decomposition of the salt with a residual Cl- 
of about 0.05%. 

Miniplant support studies were in the 
areas of determining the best materials for 
construction (emphasizing corrosion), analy- 
tical methods for low levels of solvent ex- 
traction reagents in purified leach liquors 
and methods for removal, and tests on the 
sulfurous acid leaching of clays, lime sinter 
processing of anorthosites, alternate decom- 
position methods for aluminum chloride, 
and disposal of processing wastes. Of partic- 
ular interest are the latter four studies and 
the two contracts awarded. 

Tests on the sulfurous acid leaching of a 
calcined kaolin showed that long leaching 
times (up to 20 hours), using a 30% SO, 
solution, at moderate temperatures and 
pressures leached up to 80% of the alumina. 
Best results on recovering alumina from a 
lime-anorthosite “dusted” sinter was nearly 
90%. This research also revealed that up to 
1% carbon was beneficial in promoting 
dusting. Promising results on alternate 
AlCl;.6H,O decomposition were shown by 
fluidized bed decomposition, 92% at below 
200° C, and by a two-stage decomposition 
system using a flowing airstream approach. 

Industrial Minerals (London). World of Minerals— 
i ee ee No. 108. March 170 pp. 

Work cited in footnote 10. 

ournal (London). Industry Action: 

57. 197d. u. 525 ork at Hemerdon. V. 287, No. 1876. Dec 
οἱ Minerals (London). No. 111, December 1976, 

P industrial Minerals (London). No. 106, July 1976, p. 51. 
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The fluidized bed temperature of under 200° 
C should make selection of construction 
material easier. The two-stage system pro- 
duced an alumina product containing less 
than 0.004% residual Cl-. Disposal of the 
processing wastes dealt with the silica 
wastes from the clay-HCl process. Dewa- 
tering techniques, vacuum filtration, and 
addition of polyethylene oxides were cur- 
rently being pursued with some success. 
One contract awarded was for delineating 
the environmental factors involved in re- 
covering alumina from domestic ores.** The 
other contract was for process feasibility 
and preliminary pilot plant design, and a 
more detailed evaluation of the clay-HCl 
and clay-HNO, processes. 

In other clay work, the Bureau continued 
to aid State Geological Surveys and other 
Federal agencies in delineating undevelop- 
ed deposits of ceramic raw materials by clay 

i devising 


coopera 

Montana swelling bentonites for their use 

in drilling fluids, foundry sands, and pellet- 
izing taconites. 

Other alternative methods of producing 


year. 
or other relatively low-grade aluminiferous 
material is reacted with molten anhydrous 
magnesium chloride at about 2,000° C in a 
magnesia particulate fluidized bed to va- 
porize aluminum trichloride.*! The vapor is 
separated from the entrained magnesia and 
used either in producing aluminum metal 
or chemicals. The byproduct is suitable for 
refractory manufacture. Another patent 
outlines a sulfuric acid method for recover- 
ing the alumina from clays or kyanite.™ 
This technique first forms a concentrated 
acid-clay slurry which is then heated to a 
hard anhydrous mass containing aluminum 
sulfate and silica. The mass is then reduced 
to an alkali-soluble alumina form and 
subsequently leached and calcined to re- 
cover an alumina product. In a second acid- 
leaching patent, the clay is fed into the top 
of a leaching tower and hydrochloric acid 
flowed countercurrently to leach AlCl, from 
the descending ore.** Values are crystallized 
from the leach solution and passed through 

a crystallizer-washer-thermal decomposer 
to recover Al(OH), suitable for calcining to 
pure alumina. 

The details of producing alumina from 
coal shales and kaolinitic clays by the H+ 
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process was published.** This work included 
not only the flowsheets for these two types 
of ore but also a general discussion on 
bauxite reserves, resources, and rates of 
consumption. The energy consumption in 
different nonbauxitic processes was also 
compared with the Bayer process. A brief 
article was published on the production of 
alumina from the U.S.S.R. nonbeuxitic 
sources.* In producing alumina from 
nepheline, the complete processing cycle 
also yields soda, potash, portland cement, 
and metallic gallium. 

A three-part treatise covered ball and 
plastic clays. The first part dealt with 
differing ball clay properties required in 


fractories, and filler-extenders.* This por- 
tion also discussed production in the United 
Kingdom, the companies, and mining and 
processing. À brief mention was also made 
of the American and other European pro- 
ducers. The second part detailed the mate- 
rials and manufacturing of pottery and 
whiteware.*' This part, again with English 


Colorado School of Mines Research Institute (Goldon, 
Colo.) and PEDCO Environmental, Inc. (Cincinnati, Ohio). 
Evaluation of the Environmental Factors Involved in 
Metallurgical Processes to Utilise Domestic Resources for 
Production of Alumina. BuMines Contract J0215040, Oct. 
1, 1977; available for consultation in Division of Metal- 
lurgy, Washington, D.C. 

Kaiser Engineers, Division of Raymond International, 
Inc. (Oakland, Calif.). Alumina Process Feasibility Study 
and Preliminary Pilot Plant Design. BuMines Contract 
J0265048, Oct. 1, 1976; available for consultation in Divi- 
sion of Metallurgy, Washington, D.C. 

*!Fougner, S. Production of Aluminum Trichloride and 
Magnesium Oxide. U.S. Pat. 8,989,247, Feb. 17, 1976. 

Lowenstein, H. M., and A. M. Lowenstein. Alumina 
Production. U.S. Pat. 3,988,212, Sept. 28, 1916. 

Messner, G. Method for Fabrication of Pure Alumina 
from AlsOs and Silica Containing Raw Materials by 
Leaching with Hydrochloric Acid. U.S. Pat. 8,959,488, May 
26, 1976. 

“Cohen, J., and H. Mercier. Recovery of Alumina from 
Non-Bauxite Aluminum-Bearing Raw Materials. Ch. in 
Light Metals, American Institute of Mining, Metallurgical 
and Petroleum Engineers, Inc., New York, v. 2, 1976, pp. 3- 
18. 


Engineering and Mining Journal This Month in 
Mining—Soviet Alternatives for Alumina Production Seid 
to be Cheap, Clean, Easy. V. 177, No. 6, June 1976, p. 85. 

3e pages 15-28 of work cited in footnote 18. 

Pages 19-85 of work cited in footnote 27. 
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examples, discussed body preparation, per 
tic and nonplastic shaping techniques, 

ing and firing, and glazes for manufactur- 
ing bone china, porcelain, and vitreous chi- 
na. The third part concerned the raw mate- 
rials and the United Kingdom pottery and 
whiteware industry." The use of linear 
programing to formulate whitewares from a 
variety of raw materials at minimum cost, 
while ensuring that product composition 
remained within specified limits, was 
described.“ Forming a product from cheap- 
er substitute raw materials, as opposed to 
more expensive traditional raw materials, 
was cited as a practical problem. 

The genesis and geology of of the Brazilian 
Felipe kaolin deposits, their mining, and 
beneficiation for the world paper markets 
was outlined in a brief work.* A European 
forecast for kaolin and paper based on the 
technology of filling and coating printing 
and writing paper was related to economic 
factors and future international kaolin 
supplies.“ A brief article reviewed the mag- 
netic separation of kaolin clays.** This high- 
intensity, HGMS method permits the min- 
ing of lower-grade crude kaolin and reduces 
the consumption of leaching chemicals. The 
kaolin surface modification techniques— 
chemical bonding, chemisorbtion, and 
coating—for this hydrophilic mineral for 
eventual use in organics such as rubber, 
D and polypropylene was summa- 


The mining, processing, laboratory, and 
pilot M capabilities of selected French 
clay and chamotte (calcined clays) pro- 
ducers for use in ceramics, 
and filler-extender preducts was briefly 
reviewed.* A three-section article on in- 
dustrial minerals in Spain included its ben- 
tonite, sepiolite, and attapulgite deposits.“ 
The first section touches on the geology of 
the country, with particular reference to 
industrial minerals. The second section 
summarizes, with tables, Spanish pro- 
duction and trade in these minerals. In the 
final section, some of the more important 
Spanish producers, both large and small, 
are reviewed with emphasis on their pro- 
ducts, production capabilities, and process- 
ing generalities. 

The phosphate adsorption capacities of 
three clays—kaolinite, montmorillonite, 
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and illite—were studied at different pH and 
ionic strengths.“ The study showed that 
kaolin and illite, during periods of high 
runoff and under slightly acidic pH, contain 
high amounts of phosphate-bound particles. 
In transport of these clays, however, if 
leading to a basic environment, the release 
of the particles would occur. For clays high 
in calcium, such as montmorillonite, the 
reverse response to pH was noted. The free 
metal content of the clay (in particular Fe 
and Ca) was shown to be of greater impor- 
tance in phosphate adsorption than the 
previously thought alumina-to-silica ratio 
under varying pH conditions. Another re- 
search work evaluated the attenuation pro- 
perties of several clay minerals, a kaolin, a 
swelling bentonite, and an illite, to deter- 
mine whether they would be suitable for 
sanitary land fill liners to prevent or miti- 
gate pollution of ground and surface waters 
by leachates from municipal solid waste.“ 
Swelling bentonites had the highest atten- 
uation capability, followed by illite, and 
then kaolin. A similar work considered 
the effect of pH on the ability of clays to 
attenuate lead.“ This work, as with the 
other two, also investigated the mecha- 
nisms responsible for attenuation. 


**Pages 87-49 of work cited in footnote 27. 


**Pandya, D. V., and το. Formulation of White- 
wares by Linear Programing. Am . Ceramic Soc. Bull., v. 
55, No. 8, August 1976, pp. 711-714. 
“Pages 88-85 of work cited in footnote 18. 
Pages 37-48 of work cited in footnote 21. 
and 


Mining Journal. Magnetic Separa- 

tors Find Wider Use. V. 177, No. 6, p. 231. 
ο and P. Sennett. Surface- 
Modified Kaolin in Plastic. Proc. Conf., Reinforced 


Ann. 
Plastics/Composites Institute, Washington, D.C., Feb. 3-6, 
1976. Society of the Plastics Industry, New York, v. 81, 
1976, sec. 8G, pp. 1-8. 
«Pages 45-46 of work cited in footnote 28. 
Industrial 


Minerals (London). The Industrial Minerals 
of Spain. No. m ο. 15-62. 

“Edswald, J. one and M. C-Y. Leung. 
Picante adii dug eoi su th Clay Minerals. Envi- 
ron. Sci. Technol., v. 10, No. 5, May 1976, pp. 485-490. 

"Griffin, R. A., N. F. Shimp, J. D. Steele, R. R. Ruch, W. 


Leachate by Passage ; 
Environ. Sci. Technol., v. 10, No. 18, December 1976, pp. 
1262-1268. 

“Griffin, R. A., and N. F. Shimp. Effect of pH on 
or Preci laesi 
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Coal—Bituminous and Lignite 


By Lawrence H. Frey! 


Bituminous coal and lignite production 
increased from 648.4 million tons in 1975 to 
678.7 million tons in 1976, an increase of 
4.196. The increase occurred primarily as a 
result of the increased demand for coal by 
electric utilities. The total value of pro- 
duction in 1976 was $13.2 billion compared 
with $12.5 billion in 1975. 

In 1976, there were 6,161 bituminous coal 
and lignite mines operating in 26 States in 
Appalachia, the Midwest, and the Mountain 
and Pacific regions. The leading coal- 
producing States in order of output were 
Kentucky, West Virginia, Pennsylvania, Il- 
linois, Ohio, and Virginia. Combined they 
accounted for 71% of total U.S. production. 
Total underground coal production increas- 
ed 2.1 million tons in 1976; production from 
surface mines increased 28.2 million tons. 

Prices of coal increased only moderately 
in 1976. The average mine price of bitumi- 
nous coal and lignite increased from $19.23 
per ton in 1975 to $19.43 per ton in 1976. 
The average price of coal produced at un- 
derground mines increased from $26.28 per 
ton in 1975 to $26.56 per ton in 1976. The 
average f.o.b. mine price of coal at surface 
mines increased from $13.43 per ton to 
$13.96 per ton. The average rail freight 
charge on coal increased from $5.23 per ton 
in 1975 to $5.86 per ton in 1976. 

There were approximately 12,400 more 
workers mining bituminous coal and lignite 
in 1976 compared with the total for 1975. 
The total number of production workers 
increased from 189,880 workers to 202,280. 
The decline in productivity was less in 1976 
than in 1975. Productivity at underground 
mines declined from 9.54 tons per man per 
day to 9.10 tons per man per day. Productiv- 
ity at surface mines declined from 20.609 
tons per man per day to 26.40 tons per man 
per day. The average productivity at all 
mines declined from 14.74 tons per man per 
day in 1975 to 14.46 tons in 1976. 

In 1976, the U.S. exported 59.4 million 


tons of bituminous coal, a decrease of 6.3 
million tons compared with exports in 1975. 
Japan maintained its position as the princi- 
pal U.S. foreign market with 32% of total 
U.S. coal exports. Other major shipments of 
coal went to Canada and Europe, which 
accounted for 28% and 33%, respectively. 

There was a 25-million-ton increase in 
coal shipped from western coal-producing 
States in 1976. Shipments of higher sul- 
fur coals from Midwestern coal-producing 
States declined 5 million tons. Shipments of 
coal from the Appalachian coalfields declin- 
ed by nearly 2 million tons. 

Tables 12 through 14 summarize the ship- 
ments of coal and lignite in 1976. Table 15 
shows the quantitative changes in total 
tons, by geographic division and State of 
destination, from 1972 through 1975. These 
distribution data are based on reports sub- 
mitted quarterly to the Bureau of Mines, 
Department of the Interior by producers, 
sales agents, distributors, and wholesales, 
who normally produce or sell 50,000 tons or 
more annually. To account for total indus- 
try shipments, estimates for the remaining 
shipments are included, based on data from 
the Federal Power Commission (FPC) and 
other reliable coal statistical reporting 
agencies. 

The annual mine operation survey in- 
cludes all bituminous coal produced in the 
United States except production from mines 
that produce less than 1,000 tons per year. 
All quantity figures represent net tons of 
marketable coal and excludes washery and 
other refuse. Statistics are final and are 
based upon detailed annual reports of pro- 
duction and mine operation furnished by 
producers. For production not directly re- 
ported (chiefly that of small mines), accu- 
rate data was obtained from the records of 
State mine departments. 


! Mineral specialist, Division of Fuels Data. 


343 


944 


The weekly and monthly estimates of 
production, summarized in tables 3 and 4, 
are based upon railroad carloads of coal 
reported weekly by railroads, river ship- 
ments reported by the U.S. Army Corps of 
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Engineers, reports from mining companies, 
and monthly production statements compil- 
ed by local operators associations and State 
mine departments. 


Table 1.—Salient statistics of the bituminous coal and lignite industry 


in the United States 
Item 1972 1973 1974 1975 1976 
Production thousand short tons_ _ 591,738 603,406 678,685 
Male eg 2 eee thousands_ _ $4,561,983 $5049.6 612 $9,502,347 $12,472,486 $13,189,481 
Consumption thousand short tona. _ 518,348 556,912 552,954 557,535 598,750 
Stocks at yearend: 
Industrial consumers and retail yards do —— "115,748 103,412 95,477 7127, 150 188,555 
oe on upper lake docs ἀο....... 939 822 1,051 1,185 835 
"no ώς εκει do_ _ _ _ 55,997 52,870 59,926 65,669 59,406 
να PM κο... Pl do... 47 127 2,080 940 1,208 
Price indicators, average per net ton: 
Cost of coking coal at merchant coke ov ens $17.67 $19.77 $34.20 $52.63 $54.90 
Railroad freight charge -- - ---------- $3.67 71 $4.71 $5.23 $5.86 
Value f.o.b. mines (sold in open market) ~~ - $1.35 .06 $15.16 18.02 NA 
ue f.o.b. mines_ _ —---------------- $7.66 53 315.75 19.23 $19.43 
Method of mining: 
Hand-loaded ui underground 
thousand short tons 2,914 1,970 710 NA 
Mechanically loaded underground _ _ do- 801,129 297,384 276,599 292,317 NA 
Percentage mechani οβαθὰ............ _ _ -. -. 99.0 99.3 99.7 99.8 NA 
Percentage cut by machine - 87.4 85.8 83.0 32.0 NA 
Mined by surface thousand short tons 291,284 292,384 826,097 855,612 883,805 
Percentage mined by surface - ----------- 48.9 49.5 54.0 54. 56.6 
Mechanically cleaned ...... thousand short tons 829 288,918 265,150 266,998 NA 
Percentage mechanically cleaned ~~ -- 49.2 48.8 43.9 41.2 NA 
Number of mines ........ ....-....-΄-..--------.-.--- 4,879 4,744 5,241 6,168 6,161 
Capacity at 285 days __ thousand short tons. _ ™638,100 ™618,600 ™688,400 "656,825 687,475 
Average number of men working daily: 
Underground mines __ _ _ _ _ 112,252 111,083 119,416 134,710 140,260 
Surface miness̃ 91,018 37,038 41,285 55,170 62,020 
οι μμ εμας μα μη 149,265 148,121 166,701 189,880 202,280 
Average number of days worked: 
Underground mines 222 29] 205 228 231 
Surface πιίπθ8......-. -.-.-.-.-------------------- 211 215 208 241 235 
Total πο πο πο ο ο uL 221 221 206 232 232 
Production per man per day: 
Underground mines short tons_ _ 11.91 11.66 11.81 9.54 9.10 
Surface mines do_ _ _ _ 86.33 86.67 83.16 .69 26.40 
Toal o 8 do— 17.74 17.58 17.58 14.74 14.46 
Revised. NA Not available. 


Bureau of the Census, U.S. Department of Commerce. 
Interstate Commerce Commission. 
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Table 2.—Annual average unit heat value of bituminous coal and lignite produced and 


consumed 1955-76: 
Production Domestic consumption 
Total Average Total Average 
Year (thousand greed Btu (thousand e Btu 
rt Btu) per 8 Btu) per 
tons) pound tons) pound 
ff... ees 464,633 12,080 18,000 423,412 10,940 12,920 
1956. A ee a 500,874 18,013 12,990 11,142 12,870 
I/ Zl πρώτος 492,704 12,800 12,990 418,668 ᾽ 
58. cuui mm 410,446 10,663 12,990 à 12,770 
1059 a 8 412,028 10,581 12,840 866,256 9,832 12,740 
NICE ROO 8 415,512 10,662 12,880 880, i 12,740 
ll- 5 ώς 0,308 12190 874,405 9,502 
1902. nsum 422,149 10,782 12,790 887,114 9 12,010 
1903- ο είς σος sor : 11,712 12,760 409 10,858 1 
1904........-------------᾽----᾽--.. 486,998 12,418 12,750 431,116 10,899 
1965... i 512,088 18,017 12,710 164 11,580 12,610 
) ος morc ,88 507 12, 650 12,205 
1901. ee num 552,626 18,904 12,580 480,416 11,981 12,470 
1968___._ v 545,245 ,664 12,530 498,830 12,401 
PFF 560,505 13.957 12450 507,275 12,509 2110 
19700000 602,932 4,820 1 515,619 12,488 12,110 
1971 u > Su D 2.32. s 552,192 13,885 12,120 494, 11,857 11, 
1912 8 595, 14,319 12, 516,776 12,278 11,875 
1919 a 591,738 14,208 12,005 556,022 13,150 
1904 |. 8 603,406 14,920 11,865 562,109 12,750 11,585 
17% x y 8 648,438 15,044 11,600 556,901 12,684 11,400 
1918. — mns 678,685 15,712 11,575 598,750 13,622 11,976 


1Prior to 1955 the average heat content of the annual output of bituminous coal and lignite was measured at 18,100 
Btu per pound. This value was based on an estimate made in 1949 (U.S. Bureau of Mines Information Circular 7538). In 


consumption. The ave for domestic consumption exclude shipments overseas and to the p 
which is high-Btu m urgical coal, thus accounting for the difference in values between total production and domestic 
consumption. 
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Table 3.— Estimated production of bituminous coal and lignite in the United States by 
week, 1975 and 1976 (final) 
(Thousand short tons) 
1975 1976 
Maxi- Maxi- 
Produ απ, “produc: Produ nM, produc: 
Week ended — ti nd ipe" r tion per Week ended — ti e n f ion per 
working working w orking working 
days day ys day 
Jan. 4 16,751 13.2 32110 Jan. 38 12,569 1 2,569 
Jan. 11 13,060 6 2,177 Jan. 10 11.914 6 1.986 
Jan. 18 11.344 6 1891 Jan. 177 12,980 6 2,163 
Jan. 25 11.959 6 i Jan. 244 12,105 6 2.018 
Feb. 1 12.722 6 2,120 Jan. 3111 13, 6 2,167 
Feb. 8 12.644 6 2,107 Feb. 77 12,513 6 2,086 
Feb.15 ____ 12,151 6 2,125 Feb.14 ....... 13,608 6 2,267 
Feb. 22 12,857 6 2143 Feb. 12 13,493 6 2.249 
Μαι] _ _ 13,566 6 1 Feb. 28 14,164 6 2,361 
Mar.8_____ 13,133 6 2189  Mar6 . ..... 12,590 6 2,098 
Mar. 15 11,917 6 1 Mar. 123 13,582 6 2,264 
Mar. 22 12,535 6 2089. Nar. 0 13,670 6 2,278 
Mar. 29 12,155 6 2, Mar. 27 13,925 6 2,321 
Αρτ. δ... : 5 2,197 Apr. 33 12,346 δ 2,469 
Apr.12 ____ 12,095 6 2016 Apr.10 _______ 13,436 6 2,239 
Apr. 19 12,950 6 2158 Apr.17 _______ 13,745 6 2,291 
Apr. 26 - - - - 12,764 6 2127 Apr. 244 14,150 6 2,358 
y3_____ 12,571 6 2,095 May Duc 13,970 6 2,228 
May 10 12, 6 2,150 May ________ 14.20 6 2,367 
May 17 ____ 12,989 6 2165 May 15 14.044 6 2.341 
May 24 ____ 13,112 6 2185  May22 _______ 14,447 6 2,408 
May 31 ____ 11,514 5 2,303 May _______ 14,490 6 2,415 
June 13,958 6 2,325 June |... .... 11,725 5 2,945 
June 14 18, 6 2816 June 12 14,235 6 2,873 
June 211 13,721 6 June 1199 14,760 6 2,460 
June 28 _ _ _ _ 13,283 6 2,214 June26 __ . 14,286 6 2,373 
July 5 ; 3.0 2322 July ________ 8,932 3.5 2,981 
July 12 7,894 3.5 2255 July 10 6,359 2.7 2,855 
July19 ____ 10,814 4.7 2801 July 72 11.082 4.7 2.847 
July 26 11.853 5.2 2.279 uly _______ 5 2,447 
ug. 2 12.992 6 9165 July 11 11.086 4.7 2,859 
RON 13,689 6 2282  Aug.] ___ ...... 9,375 4 2,844 
Aug. 16 12,824 6 2187 Aug. 11414 9,677 4.1 2,960 
ug.23 ____ 11,969 6 1995  Aug21 _______ 14,120 6 2,953 
Aug. 30 10,046 6 1674 Aug. |... ... 14,895 6 2,488 
Sept. ____ 9,446 5 ; Sept.“! 6 2,400 
Sept. 12 13,526 6 Sept. 111 12,455 5 2491 
Sept. 20 _ _ _ _ 14,242 6 2374 Sept. 128 14,465 6 2411 
Sept. 27 13,666 6 2,278 Sept. 55 14,335 6 2,989 
Oct. 4 13,551 6 2,259 Oct.?! 13,997 6 2,333 
Oct. 111 13,577 6 2263 Oct. ________ 14,065 6 2,944 
Oct. 18 13,205 6 2,201 Oct.16________ 14,110 6 2,352 
Oct25 ____ 13,352 6 2, Cet. 222——ñõ 14.134 6 2,356 
Nov. I 12, 6 2,101 Oct. 30 13,128 5.4 2431 
Nov. _ _ _ 14,191 6 , Nov. ________ 13,710 6 2,285 
Nov. 15 13,520 6 Nov.13 _______ 13,820 6 2,308 
Nov. 22 13,836 6 2306 Nov. 20 14,115 6 2,858 
Nov. 29 11.723 5 2,345 Nov. 27 12.27 5 2.456 
88 13,739 6 2, Dec.! 12.975 6 2,163 
Dec. 11 14,273 6 2379 Dec. 111 13,903 6 2,317 
Dec. 20 13,462 6 2,244 Dec. 18 14,960 6 2,393 
Dec. 27 ____ 8, 3.6 2298  Dec.25 _______ 10,790 5 2,158 
Jan. 3 15,071 13 21,690 Jan. !! 111,243 5 2,249 
Total or Total or 
average? 648, 488 298.2 2.175 average? 678,685 293.1 2,816 


1Figures represent production and number of working days in that part of the week included in the calendar year 


shown 


3 Average daily output for the working days in the calendar year shown. 


Data may not add to totals shown 


because of independent rounding. 
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Table 5.—Production of bituminous coal and lignite in the United States, in 1976, 


by State and type of mining 
(Thousand short tons) 
State Underground Surface Total! 
Alabamā one ur uc ß eee 7,406 14,131 21,537 
Alasko — — oue Lm uc a eS e 7 
ADOND — ou 8 -- 10420 10.420 
Arkansas ________________~_~ -. W 
Colorado __ _ ιν eee ke 8,283 6,154 9.431 
JJ ĩðVJ crc Pm = 186 
Ὡ ποια Sai oe ME S m ee 31,008 21,231 
πώ aD A ĩVWA.. y y NEP 24,931 25,369 
ο μις πμ vs y A e E W W 616 
MEER HERREN ⁵ð . DEN ας 590 590 
DEN nr AW r r sss 
Kentucky: 
Eastern ` _-----------—-------- 40,551 ,581 91,138 
Western u 2 L L A ure xe ie 23,921 28,913 
Mas ue 11771 p eR NS Ret m E ee 64,471 79,500 143,972 
i 2 8 zx 6,075 6,075 
Montana ______________ -- ------------------- -- 26,231 26,231 
New Mexico |. _ _ _ 2222l22-2- W 9,760 
North Dakota SP 11,102 11,102 
Ohi ο ο ὃς ee ο ρε P sasa ash E 16,626 29,956 582 
Oklahoma f . Reden im m ,635 8,635 
Pennsylvania ..........--.---------------------.------------ 43,159 42,018 85,777 
Oe eaea aa Dr e ae 4,428 4,855 9,283 
Texas (lignite) ..........-------------------------------------- — 14,063 14,063 
πω οσον w ασ” 1.967 m 71,961 
Virginia ods να ee ek Seed 26,055 13,940 39,996 
W Peton a T RE PE 87 559 21.275 106.834 
est 71» na uL e M DD 5 9 » 
%%% A 524 30,312 30,836 
Undistributed ..............-...---------.-------.----------.. 1,350 12,390 MN 
Total”: ucc cL D iuc Lies s 294,880 383,805 678,685 


W Withheld to avoid disclosing individual company confidential data. 
Data may not add to totals shown because of independent rounding. 
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Figure 1.—Production of bituminous coal and lignite, by type of mining 
in the United States. 
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Figure 2.—Trends of bituminous coal and lignite production, realization, and mine 
capacity in the United States. 
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Table 7.—Average value per ton, f.o.b. mines, of bituminous coal and lignite produced 


> [SS eb Seeesercexon 


in the United States, by State 
1975 1976 
State 
ορ Surface Total —— Surface Total 
SSS $33.77 $22.87 $26.53 $35.73 $24.52 $28.37 
A RSE SOE ³ꝛ—Ä NE su W W uis W W 
ΡΤ... Z A S sa ΗΚ W W Ei W W 
. ·˙ AA A pis 32.16 32.16 W W 36.15 
CG 27.16 8.86 16.53 27.90 8.91 15.30 
P "s W W ud 83.15 83.15 
U AAA μασ ο 16.90 12.72 14.64 17.16 19.18 15.90 
PPP TT 12.00 11.14 11.15 W 12.26 12.34 
PPP. T 10.62 11.72 11.08 W W 3.56 
ως ο IAS ee NON 19.78 19.78 EF 19.45 19.45 
Kentucky: 
μα ER OA EEE AE 27.03 15.35 20.79 26.37 20.36 23.03 
— K ⁵˙ 13.73 10.91 12.16 15.12 13.41 14.18 
TOME icu EESE w d T ais 21.96 13.57 17.40 22.20 17.83 19 
ETS ELOY ahw 17.97 19.44 19.38 W W 21 
Missouri __ A ˙ anima Ud a funr dis NN 8.52 8.52 Pd 9.37 9 
P ͤÄ—B— n 5.06 5.06 Lo 4.90 4 
New Mexico _____________~_~ W W W W W 
North Dakota (lignitee .. MET 3.17 3.17 NAT 3.74 8. 
PPP μμ PRU 18.76 5.23 16.40 17.78 15.96 16 
S εἶναι ο od sa 16.69 16.69 ΚΕ 15.98 15 
Pennsylvania |... 30.41 19.08 25.09 32.73 17.63 25 
Tennessee ________________ 15.76 18.25 17.10 16.00 16.58 16 
Texas (lignitett _ p W W ss W 
πα toI ED TREASURE 19.84 x 19.84 22.93 NOM 22 
bb ooo ο ορ and ώ το ώς 94.44 22.98 30.46 26.18 19.24 24 
Washi "σεις ος ντα 20.08 W W W W 
West Virginia -------------- 30.60 04 29.35 31.64 23.86 30 
haa oui em ap det im ni W 6.61 6.74 W W 7 
ων Z ο dcr rx 26.28 13.43 19.23 26.56 13.96 19. 
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Figure 3.— Trends in employment and output per man at bituminous coal and lignite 


mines in the United States. 
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Figure 4.—Percentage of total consumption of bituminous coal and lignite, by consumer 
class and retail deliveries in the United States. 
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Table 10.—Consumption of bituminous coal and lignite, by consumer class, and retail 


deliveries in the United States 
(Thousand short tons) 


Manufacturing and mining industries 


Bunk Other Retail 
š er, manu- : 
Year and Electric lake Beehive Oven Steeland facturing deliv- Total 
month Pourr vessel coke coke rolli and oe of 
utili- and plants plants c ΠΑ; mining to other classes 
ties foreign indus- = shown 
tries ere 
1918 a eum 1350, 184 163 1.059 86,213 4.850 67,131 8,748 518.948 
1973... u ος 7387, 769 116 1.310 92,324 6,356 60,837 8,200 1556,912 
1974 ee 1390,313 80 1,337 88,410 6,155 57,819 8,840 (552954 
1975: 
January .... T35,695 1 112 7,191 416 5,290 1,121 149,826 
February . 731,971 1 108 6,923 359 5,662 663 745, 687 
March MS 732,679 σα 108 1,112 302 5,618 652 141,191 
April ..... 130, 428 3 100 1,821 204 5,340 366 143,818 
May _____ r30,427 4 89 7,193 210 4,776 258 142,957 
June 133,322 3 81 6,919 147 4,201 306 144,979 
July _____ 736,441 2 91 6,547 114 4,070 444 141,109 
August 137,832 2 94 6,470 137 4.322 406 149,263 
September 132,484 2 97 6,190 135 4,666 581 144,155 
October 132,728 3 94 6,565 171 4,689 690 144.940 
November _ 733,209 2 89 6,396 221 5,308 725 145,956 
December 137, 268 1 62 6,654 243 5,757 1,070 151,055 
Total — 404.463 24 1,125 82,147 2,715 59,759 7,282 557,535 
1976: 
January .. 39,868 EN 77 6,655 215 5,094 963 52,932 
February _ _ πα 77 6,528 246 4,519 540 833 
March ... 35,989 d 86 7,176 267 4,621 484 48,623 
April 680 1 85 6,992 212 4,869 576 46,415 
νο νο 33,812 2 85 7,911 194 4,866 411 46,681 
June 36,252 1 85 7,069 161 4,512 365 48,445 
July _____ 39,709 1 T9 7,188 160 4,316 264 51,717 
A "m 40,194 1 74 6,965 195 4,266 387 52,082 
September _ ,184 2 77 6,831 178 4,377 440 41,689 
Ec 36,683 2 65 6,977 275 4,150 560 49,312 
November 38,735 1 66 6,835 300 5,200 740 51,877 
December _ 41 452 1 δ5 6, 280 6,300 1,170 56,144 
Total 447,021 12 941 83,383 2,743 57,750 6,900 598,750 
"Revised. 


Federal Power Commission. 
2Bureau of Census, U.S. Department of Commerce, Ore and Coal Exchange. 

3 Estimates based upon reports collected from a selected list of steel and rolling mills. 
“Estimates based upon reports collected from a selected list of manufacturing plants. 
SEstimates based upon reports collected from a selected list of retailers. Includes some coal shipped by truck from mine 

to final destination. 
The total of classes shown approximates total consumption. The calculation of 5 from production, imports, 


exports, and changes in stocks is not as accurate as the Total of classes shown" 


use certain significant items of 


Stocks are not included in monthly stocks. These items are stocks on lake and tidewater docks, stocks at other 
intermediate storage piles between mine and consumer, and coal in transit. 


366 MINERALS YEARBOOK, 1976 


Table 11.—Stocks and days’ supply of bituminous coal and lignite in the United States, 
in 1976, by consumer class 


(Thousand short tons) 
Other 
Electric Oven Steel and MANU ! 
Date power coke rolli tecunng erail Total 
utilities? plants mills mini 
industries 
STOCKS 
fr es 104,527 8,115 176 6,249 163 119,220 
29 22 σι βρω. 103,889 8,514 175 6,266 160 119,004 
Mar. 111i 107,452 9 163 6,362 159 123,470 
x 90: anms 111,857 9,931 170 6,803 188 128,894 
JT IEE SE 118,591 10,612 174 6,509 127 136,013 
une 80 ______________ 122, 11,257 183 6,546 138 140,144 
duly 3l __ ωώω ανα 114,153 8,715 183 6,469 140 129,660 
J τοῦ 7,258 170 6,544 174 123,853 
Sept. 30 114,339 8,194 184 6,974 187 129,878 
Oct.81 — ο ώς 117,502 9,037 195 6,100 190 188,624 
Nov. v3Bq3oo ο. 118,224 9,605 180 6,800 210 135,019 
F 6,436 17 6,900 240 188,555 
DAYS' SUPPLY? 
Jan. |... 81 38 20 38 5 70 
Feb.29 ___ — ο 86 38 21 40 9 74 
Mar. !! 93 - 40 19 43 10 19 
Apr.90 22s 100 44 ρ4 39 7 83 
May J%%ͤ%ͤ y yt OO neni 109 45 28 41 10 90 
June o 101 48 84 44 11 87 
July ______________ 89 38 35 46 16 78 
Aug. B*]!k;!e2k!k4?k 85 82 27 48 14 74 
Sept. 30 96 36 31 48 13 82 
e o3 eeu 99 40 22 44 10 84 
Nov. 80 ___________-_~- 92 42 18 89 9 78 
Dec. 31 _ _ ----- 87 44 19 84 6 74 


1Federal Power Commission. 

Days supply is calculated by dividing the total stocks at the end of the month by the daily average rate of 
sie ai tion during the same month. By this method, seasonal variation in daily average rate of consumption is not 
re ; 
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Table 12.—Distribution of bituminous coal and lignite, in 1976, 
by method of movement and consumer use 


(Thousand short tons) 
Used at 
Coke and ο ° 
Shi ΑΙ] bad mines and 
pments utilities Er dealers others fuel sales to 
P employees 


States, Canada, and Mexico, by all 
of movement and consumer use, 
and overseas exports _______________ 463,058 92,678 4,187 53,202 277 1,362 


Shipments to all destinations in the United 
States, Canada, and Mexico by specific 
method of movement and consumer use: 


Total an pente to all destinations in the 
Uni 
methods 


of movement: 


TTT 246,032 51,250 2,183 81,583 Me EE 
River and ex-river______________ 81,677 22,712 41 8,073 DM HR 
Great Lakes 16,833 12,016 502 3,752 ial -- 
Tidewater? __________________ 1,243 4,101 = RON "n zi 
C//Cõ˙ĩê¹kb⁵! l ⅛ðZ KK m8 52,671 2,599 1,411 12,729 Em aye 
Tramway, conveyor, private railroad _ _ 64,602 -- "e 2,065 TM Mn 
‘Method of movement and/or consumer uses 
unknown _.. _ 222L2- "M ο. a De 211 1,362 
/. ngu 463,058 92,678 4,137 53,202 277 1,862 
Canadan US US. Net 
Lakes Great tide- Over- change 
Co water seas in mine Total 
i dock dock exports? invent- 
docks? Storage? storage? ory 
Total shipments to all destinations in the 
United States, Canada, and Mexico, by all 
ods of movement and consumer use, 
and overseas exports ______________- 41 -851 zu 42,658 2,118 659,175 
Shi 15 to all 5 jene United 
Canada, and Mexico by specific 
method of movement and consumer use: 
Method of movement: 
All-raãiꝰ!.aꝶ·n aa ae ἘῸΝ ΕΝ αλά. d 331,048 
River and ex- river a ben RO κ. xs 107,508 
Great Lakes EE ες exe zm = 33,108 
Tidewater? __________________ πα ie uS M is 5 
^] ens ο νι ee ents 2 bep VR A 69,410 
Tramway, conveyor, private railroad . _ TUN ES e ία. -- 66,667 
Method of movement and/or consumer uses 
unknown ______________________ 41 -351 £s 42,658 2118 46,100 
Tótal ο ο tee 4] -851 ΚΠΕ 42,658 2,118 659,175 


IExcludes shipments to Canadian Great Lakes commercial docks and U.S. dock storage for which consumer uses are 
not available; however, includes vessel fuel, the destinations of which are not available. 

SExcludes overseas exports for which consumer uses are not available. 

SConsumer use unknown. 

*Excludes Canada; consumer use unknown. 
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Table 13.—Distribution of bituminous coal and lignite, in 1976, by district of origin and 


consumer use 
(Thousand short tons) 
Electri Coke and Retail All Rail. ines and 
MEE ol ric an mines an 
District of origin utilities gas plants dealers others fuel sales to 
employees 
dl imam ront mil 6 38,582 6,775 13 3,818 106 31 
JJ KT 19,725 81 2, 199 5 15 
h.. a eh 33,707 2,733 90 2,557 16 8 
EEA es ee a ; — 571 4,477 8 
(ipea TEES 12,699 7 36 969 
κο ae hae Ai acre sls a a es με 83,571 36,8438 2,059 17,048 2 J 
10 ei ee 8 48,980 3,572 460 5,570 1 46 
| 2 πας πιω 2 = 222 3,074 ασια 1 
VCC 13,745 4,730 14 1.715 EM Ss 
1 xerit uS eese er er 542 rm 1 ἘΠ e 
/// ⁵ĩ¾ I eut 20,870 176 9 2,967 a BON 
Jö; 8 ο E 261 p = 
I πο u ua 8689 5,936 3,480 31 590 ae 11 
πο ⁰ PEET EE 18,756 aa zm uc us 
19. ³ A caus es 282 109 2,161 PR 2 
7^ ο ο A ει νε 8,915 1,453 243 1,785 xcd 
ο ο ος 8 10,257 ae 86 ΚΟΕ 141 
22 and 23 -_—------------—- ; == 8 865 EM m 
Total <n oat uyu 463.058 678 4,187 53 211 1,362 
Canadian US. U.S. Net 
Great Great tide- Over- 8 
water seas change Total 
commercial dock dock exports? ος 
docks? storage? stor ry 
)J E TUR Pte s = T La 4,139 384 54,448 
J. 8 e MA τος. -51: 88,751 
. ee 22 32 SA 2,432 52 41, 
VCC ἜΝ -44 LS 333 45,810 
το ος μη 88 9 Se 11,563 -85 26 
JJ... ο 8 10 272 dove 20,737 521 60, 
9g; ³ð k atl oos "ER 7 52,101 
17 -- - A A & M = EM E» -53 58,526 
Ll nei ͤ K d E ENS m TM ΝΡ -80 25,609 
J! ci DI e uM E " E 
IJ. d oe eru umm E mm T a 3,002 103 23,309 
14111 ⁵ AA 8 X: ME AER 1 -6 
LD dun πι μμ 8 T ets nue 2 4] 24,068 
1öÜöĩ«?ðòę ß PN ee n Nm PRA 8 
1122222222 W Sa zam atas ως necs .- em 41 10,089 
2 ¹Ü³ ³˙ A or ne UM εἴς Sg 2a -84 19,105 
J E EE N E MS ses το NR a 20 81,174 
J/%%%% E a ta SAM TN -- 578 1,999 
J. (0 ³ A ει ae fae e RON E 11,238 
22 and 23323222 deck rae Eaa em -159 31,093 
Ul AAA L 41 -851 es 42,658 2,113 659,175 
! Producing districts are defined in: Bureau of Mines Bituminous Coal and Lignite Distribution Calendar Year 1976, 
Mineral Industry Survey. 
Consumer use unknown. 


Excludes Canada; consumer use unknown. 
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Table 14.—Distribution of bituminous coal and lignite, in 1976, by destination 


and consumer use 
(Thousand short tons) 
; Coke 
T Electric Retail All 
Destination Total utilities 900889 dealers others’ 
plants 
New England: 
Massachusetts 71 m M 
Connecticut ________________________  . 19 4 d e 15 
ο UR E . 8 = 1 20 
New Hampshire 816 816 M κα aor 
Vermont ...................... ...................... ΕΝ NE TN 1 
Rhode Island 1 EM PME ad 1 
“.... ³ð³ d ³ĩð es aus 929 820 am 10 99 
Middle Atlantic: 
lh is ie ἁ οκ ρνά 18,562 5,980 5,157 20 2,405 
New Jersey .............-.-------------------.--.---.-.... 2,497 2,484 an -- 18 
Pennsylvania ......... _ LLL 64,592 87,249 23,281 192 8,870 
Total ou LE ee ee Dreier) 80,651 45,713 28,488 212 6,288 
East North Central: 
OO noe a ¹ rt, 70,964 50, 130 12, 505 692 7,637 
I/ n e eS a ULL αρα 45,837 29,239 12,450 968 8,785 
HBinolB — onim Z s 41,455 85,011 2,185 531 8,172 
ως μοι s κα ης ών 29,805 21,197 4,493 ; 
Wisconsin __ -=-= 13,571 10,978 268 308 2,017 
ἐπ οποτε 201,632 146,555 82,451 2,148 20,478 
West North Central 
7777 ⁰·¹w-wͤcĩſ ³ AA O 12,322 10,448 647 90 1,137 
OU ο ο ο ος εώς ᷑ñĩèꝭ1D?ĩd! 8 7,894 6,547 = 85 1,812 
SEMEL K dC 22,195 20,768 289 108 1, 
North Dakota ..............- -.-. -.----.-.-...-. -.-.. -....... 7,497 7,099 s 75 23 
South Dakota _________________________ 2,863 2,709 ΚΡ 5 149 
τος C σε p Du esu m T T AEE 2,274 1,744 MES 6 524 
ιν MM 8 9,482 8,404 Be σα 78 
TOLÀL S oos uud a u 2. 59,127 52,719 936 314 5,158 
South Atlantic: 
Delawartrõõe 222222222222 22222-2 785 765 ae mU 20 
JG; Kyu Add ET E 9,190 4,693 4,309 9 179 
District of Columbia __ _ _ _ -- 203 MT ue 15 188 
i ATT ei S Sus 7,470 5, 1,901 
West Virginia ..............-...-----.---.---.-------.-.-.-.-- 36,480 28,115 5,295 110 2, 
North Carolina __ _ _ -...-.-.-.-... 21,231 19, E 168 1,177 
South Carolina 6,753 5, -- 8 1,159 
οποια κ ML T8 15,07 14,576 2 15 48 
Florida Mer A 6,107 ; m NP 18 
Total] u 2 Z u u ³ ² 0K v e es eim ore 103,291 84,940 9,612 656 8,083 
East South Central 
e.; LL dee eS 27,320 24,968 811 169 1,372 
Tennessee d oh 23,091 21,034 172 142 1,743 
p E E αλα d ενα - 25,982 17,856 6,691 7 408 
ο Πιο σα A 8 1,671 1,572 Ss a 
Total. ũ 3ↄ¼ r.... ee ee 78,064 65,430 7,614 818 4,642 
West South Central: 
Arkansas___ ] uec 145 . x wee 145 
Oklahoma .....-----------------2----- 661 599 2 60 
Teraa i οπών τος παν 16,417 13,183 627 A 2,607 
Total sn μμ SS mD Le αυ κου 17,223 13,782 627 2 2,812 
Mountain 
Colorado τε ee ee ee Se eee 9,201 7,510 1,110 31 
JJ... 8 4,481 1,805 : 121 593 
Mente nues eimi 2,565 2,452 MS 108 
Idahó ß RE ee ee 610 eps M 122 488 
Wyoming 9,780 8,796 xt 946 
New Mexico |. _ „„ 8,096 8,089 cM z 7 
aT REEE êũ VdV 7,070 754 Hym ΚΕ 816 
N. ⁰˙AAA A 5, 158 5,030 ο... 7 121 
Totgle on ες eu mms e rnan RU ee 46,967 40,496 8,078 324 3,069 


See footnotes at end of table. 
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Table 14.—Distribution of bituminous coal and lignite, in 1976, by destination 
and consumer use —Continued 


(Thousand short tons) 
; Coke š 
— Electric Retail All 
Destination Total utilities anc gas dealers others! 
plants 
Pacific: 
Washington .........---.---------------------------------- 4,677 4,087 S 18 577 
ων μοι οκ TE apo nas 259 = = 19 246 
OF noc ͤ õõyĩ;ß§?; 2,526 Et 1,905 μα 621 
1Jͤ»;O uus ere x debes Di 7,462 4,087 1,905 26 1,444 
Alagk& P ο πο πω ανα 7 254 m 8 444 
Canada” J T ĩ é 8 16,466 8.212 295 105 = 
ο i , eem 232 50 62 14 106 
Destinations and/or consumer uses not availble: 
Great Lakes movement: 
commercial dock 41 E = he ΚΝ 
! oc oom 74 m zs m eM 
U.S. dock storage .........------------------ -------- -851 Ks E MR SS 
Tidewater movement: 
Overseas export (except Canada)) 42,658 ie sE is — 
νε > ΕΠΕ 
S. FOGG i eee AS en σὴ-α τοις, ἘΝ E 
Railroad fuel: 
U.S. companies ...........---------------------------- 277 SE m m TM 
Canadian companies ......-.-. -. -.-.-..-..-..-.-. -. -. -.. ee ΕΝ D = == 
Coal used at mines an ου. 3 1.962 κ — Z = = 
Net change in mine inventor nn 2,113 τος. ο. ues Sa 
Grand total! 659,175 -- ΚΠΕ OE n 


Excludes vessel fuel and bunker fuel, the destinations of which are not available. 
*Excludes shipments to Canadian Great Lakes commercial docks and Canadian railroad companies. 
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Table 16.—Exports of bituminous coal, by country group 
(Thousand short tons and thousand dollars) 


1974 1975 1976 
Country group ποπ πι a a a MÀ 
Quantity Value Quantity Value Quantity Value 
Canada (including Newfoundland) 
and Mexico ___________.______ 14,117 356,384 17,262 676,773 16,748 717,498 
Overseas (all other countries): 
West Indies and Central America (4) 13 (4) 10 1 40 
South America _______________ 2,350 97,285 8,274 191,550 2,912 160,919 
EUFODé- uou ec 15,856 633,601 18,972 909,755 20,026 933,522 
τμ ο ο mas c ur S ss 27,603 1,333,050 25,948 1,444,071 19,271 1,054,295 
Aff) πώ κ ο 8 (3) (3) 218 10,728 448 20,193 
Oceania (3) 1 s "E xn αι 
Tol sa 45,809 2,063,950 48,407 2,556,120 42,658 2,168,969 
Grand totaa11Bb -..... 59,926 2, 420, 334 65,669 3, 232,898 59,406 2,886,467 
!Less than 1/2 unit. 


Table 17.—Exports of bituminous coal, by country 
(Thousand short tons and thousand dollars) 


TR 1974 1975 1976 
un — . —— — ——— —äÿᷣ— m —— — E 
d Quantity Value Quantity Value Quantity Value 
ntina ___ es 630 28,796 930 55,833 526 30,111 
1 5 1.109 48,259 627 83,986 2,202 91,763 
Brazil mum 88 1.292 53,580 2,007 115,651 2,241 122,057 
23 8 13,706 843,398 16,735 650,018 16,497 705,602 
Chie moie meus 812 11,532 289 T, 145 8,142 
Denmark ___ _ «„ TN m τοῖο 834 
| AE eee CVC ROT Le pe = Sees 218 10,728 322 14,359 
France: ως eos 2,510 106,990 ; 159,983 3,427 ; 
Germany, Wet ; 60,137 1,989 90,118 994 46,435 
reece ο x ο se 950 119 ,Á 465 16,619 
Israel —— Enc 11 422 (1) κ. 
/ EEE E 3,903 151,446 4,493 212,418 4,211 218,452 
SDADn---- clc ee 27,846 1,320,155 25,423 1,412,751 ; 1,028,421 
Korea, Republic oli 2,464 319 j ; 
f L ee ZZ uz ees 411 12,986 527 ; 251 11,896 
Netherlands 545 95,355 2,093 103,693 3,490 143,125 
Norw-'ůy „„ 145 6,904 81 ; 6,819 
Pórü . 8 85 2,236 48 9115 (1) 7 
Portugal 334 14.347 246 14,891 13,548 
mania --_-------------- 163 5,528 343 17,521 212 10,735 
South Africa, Republic of- P cou) m 126 
Spain 3-5 RIA 2,017 87,168 2,691 149,279 2,513 126,167 
Sweden 6,181 40,772 1 : 
Switzerland ...........------------- za und 83 949 14 932 
Türkey ——-— ες seda 201 10,263 239 11,224 
United Kingdom ..........-- 1,405 Ui 35 1,889 76,267 843 46,742 
Uruguay ----------------- ; = Ἕν — 
Vugosla via M en 21 958 184 9,758 
Other ος ⁵ ⁵⁵ an (3) 21 (3) 63 1 
PTA 59,926 2, 420,334 65,669 3,232,893 59,406 2,886,467 


lLess than 1/2 unit. 
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Table 18.—Bituminous coal exported from the United States, by customs district 
(Thousand short tons and thousand dollars) 


1974 1975 1976 
Customs district — — — —— — — — —-— 
Quantity Value Quantity Value Quantity Value 
Baltimore 5,949 255,528 6,768 878,850 6,325 814,568 
Buffalo oe ³ðV⁴ç 8 36 923 70 8,753 50 1,556 
Charleston, S.C __________-_- () ( x A (1 
ασ το EUREN 582 42 517 
Cleveland _ . ..... 13,240 321,064 16,309 628,275 16,299 696,718 
Detroit 1 4, 122 6, 81 
Dünn e (1) 25 (1 1 14 477 
%% 24 500 50 1,418 88 1,844 
Great Falls _.______________ ES ne "A zt () 
Houstoennn ~~ (1) 3 MM z u 
ιν οποιο μα ος 12,461 455 24,056 56 2,812 
Los Angeles 115 4,174 (1) © 
Mobile ___ 1,746 52,518 2,745 153,275 2,754 146,106 
New Orlen 992 27,341 1,292 55,888 1,297 65,502 
New York City _ 1 20 Ὁ 16 (3) 11 
Al n ncc uasa lE 4 
Norfolk ο... ----- 35,145 1,648,712 36,953 1,929,963 92.008 1,626,475 
NOME SCR as, L NES 24 650 1,175 
Pembina ...........-. -.- -.-. -.--.----.-. 18 701 4 220 5 
Philadelphia __ _ - -- -. -. 1,481 83,461 808 47,428 448 25,301 
Port UN μμ μι 664 29 ; EHE EN 
POT AD Mane i. hi n SR m MEDI 
San Diego 1 25 ( 3 (3) 2 
San Francisco (1) 6 (1) 11 (1) 8 
San quunuaunnnn.n.nn (1) 5 4 4 agus E 
Seattle _ ....---------.-------------.-- (1) 25 2 118 (1) 26 
Total ος το ολο ος 59,926 2, 420, 334 65,669 3,232,893 59,406 2,886,467 
‘Lees than 1/2 unit. 
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Figure 5.—Exports of bituminous coal and lignite from the United States to Canada and 
Overseas. 
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Table 19.—Bituminous coal! imported for consumption in the United States, by country 
and customs district 
1974 1975 1976 
Country and customs Quantit Val ' š 
pir y ue Quantit Value Quanti Value 
district (short (thou- (abort (thou- nt (thou- 
tons) sands) tons) sands) tons) sands 
Country: 
Australia |... -..-.-----.-.---. 148,633 $2,566 117,294 $2,109 8 — 
Belgium Luxembourg 1.135 60 e DE TA "E 
Brazil ο εις ώς μες 18 (2) τς X .. 
Canada __ i 595,587 11,905 190,052 5,976 59,497 $1,166 
Fiane on 8 164 94 1,821 300 κος ΚΝ 
Germany, West ............--.-.--- 513,219 24,432 88,869 5,078 820 26 
n em E. 1 44 2 
Netherlands 171,185 7,817 m 23 ao -» 
ew Zealand di ae M 2a oo 6 (3) 
Norway .............. -...-...- -. -- -. -. 1,654 139 = me ue" icm 
37 1.128 15 ἘΠῚ ae ae ate 
Poland _ _ 468,844 7,040 171,708 2,581 861,649 7,529 
ingapore ..------------------------- -— n ΚΝ eie 315 1 
South Africa, Republic of _ _ _ _ _ 172,223 8,236 870,455 5,641 181,168 9,014 
United Kingdom 11,517 1,027 m Te c adus 
Yugoslavia __ _ -- us 2 15 1 17 1 
Total eoe 2,080,407 67,731 939,721 21,682 1,203,076 17,789 
Customs district 
Baltimore 622, 824 17,659 115,820 858 7,716 157 
Boston .....---------------- 666,954 11,000 919,624 5,140 "m -- 
Buffalo... ceo 1,005 47 20,532 707 836 20 
Chicago .......-.- -.- -.-------------- 151 8 ae ae i eee 
Cleveland 1.381 62 87,138 548 x ος. 
Detto oS oe ee 01,866 1,597 2,307 35 225 q 
Duluth: -------------.- 41,705 823 5,985 160 πι M 
Great Fals 10,983 940 7,061 156 231 10 
Los Angeles = see 112 11 1 (3) 
Milwaukee = -- TEN -- 86,837 663 
Mobile 117.246 1.842 870,581 6,318 781,168 9,014 
New Orlen 13,189 1,166 κα ΕΒ 194,658 4,157 
New York City -...--------------.-- — eue 10 6 219 11 
Norfolk ..-..“΄-----------ο Se ^ EN Sm 80 16 
Ogdensbur ggg = e 192 11 754 10 
Pembina __ ; 634 15,617 248 19,673 420 
Philadelphia __ -.-.------- 470,521 22,495 33,88 2,389 439 2 
Portland, Maine 3 1,619 33 384 23 
Providence ...... -. -- -- -- -- -- ---- ---- 2 Sr ; 65 E MM 
San CO o cc L onc .- aa us ie 6 
Seattle ...- .....-------------------- m τοις 71 2 557 18 
Tampa oe eee xis EDS ΞΕ ae 159,292 3,216 
οι μιας ee 2,080,407 57,781 989,721 21,682 1,208,076 17,189 


Includes slack, culm, and lignite. 
Less than 1/2 unit. 
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Table 20.—Bituminous coal and lignite coal: World production, by country 


(Thousand short tons) 
Country! 
North America: 
Canada 


Argentina: Bituminous __ LL LL LL LLL LLL Llc ll 
Brazil: Bituminous (marketable). .. ο -- 
Chile: Bituminous (marketable) _._____________________ 
Colombia: Bituminous .....- -.- -.- -.-...-.-.-..-...-........................... 
Peru: Bituminous. ———— rx... 


Svalbard rd (Spitsbergen) Bituminou s 
U.S.S.R. 
Bituminous uu M σκι DC Es e att a pas = 


Ligni 
United saam Bituminous’? |... LL LL LLL LLL SL LLL. 


poo c M————— 


y ER Bituminous? dz 
Botswana: Βίἱυπιίπουδ.........-.--.---------------------------------------------- 
Mozambique: Bituminous — U — -- - - -------------------------------------- 
Nigeria: Βιϊυπιίποιβ..........--------------------------------------------- 
Rhodesia, Southern: Bituminous? s 

South Africa, Republic of: Bituminous (marketabl ~~ 
Swaziland: Bituminous .... sss 
Tanzania: Bituminous 2222 ⅛ð³ U e E 


hanistan: Bituminous III 
Burma: Bitumin ons 
China, People's Republic of: Bituminous and lignite 


Iran: Bituminouuun “ - - - -- -- ---- -=-= -=--> 
See footnotes at end of table. 


1974 


4 
72,160 
178,579 
43,899 


7.812 
721,813 


r 


1975 
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Table 20.--Bituminous coal and lignite coal: World production, by country —Continued 


(Thousand short tons) 
Country! 1974 1975 1976P 
Asia —Continued 
vapan 
ͤ— ˙ A i te ac eei. r22,259 20,841 Am 
MaBLU cO οποιο 
Korea, North: Bituminous® 12 _~_______________________ 8,700 8,800 8,800 
ongolia: 
ne, . ee eee ee αμα um 151 188 
C//öĩ⁰ĩ˙² ...... Lee 8 2,576 2,810 2,921 
Pakistan: Bituminous and lignite?’ . . .  . |. 2... 1,653 1,173 1,213 
Philippines: Bituminou- sss „ 56 116 
Taiwan: Bituminous .......................... -.-...-......-..-.-... -.... 8,235 3,462 3,567 
Thailand: Lignit«kkkkklłklkl eee 1 
Turkey: 
Bituminous ³⁰ĩ»W2jꝗꝗ/ͥͥũ vt ead dE 15,185 5,055 4.295 
Lignite J. ð e A d st E E 15,933 6,763 6,411 
ia: . 
Australia: 
Bituminounsnnnssssss „ 169,482 73,788 76, 000 
enn . d HEN 130,096 31,060 84,104 
New Zealand: 
Bituminous -` — - cud ma "2,668 2,509 2,554 
mite o e uu a a a d Li 158 150 187 
World total: 
Bituminous: 2n 11 867 ,053 1,976,155 2,018,657 
///õ ⁰ç0⁰¾¼- ms 88 919,967 944,677 985,178 
Mixed grades __-------------------------——- 476,653 496,173 511,213 
Total, all gradeeis eee T3 263,673 3,417,005 3,515,048 


*Estimate. Preliminary. "Revised. 
!In addition to the countries listed, Ecuador produces coal, but output was less than 500 tons annually in the years 
covered by this table. 
31 ess than 1/2 unit. 
Includes material reported in national sources as brown coal. 
*Official sources report the aggregate of bituminous coal and anthracite; distribution to these separate grades is 
estimated from reported total. | 
Output from Norwegian controlled portion only. Output of that portion of Svalbard controlled by the U.S.S.R. is 
resumably included in the total output recorded for that country. The U.S.S.R. output in short tons was as follows: 1974, 
0,000; 1975, 440,000; 1976, 440,000. 
6Run-of-mine output. 
Includes slurry. | 
*May include a small amount of anthracite. 
*Sales for year ending August 81 of that stated. 
10Sales. 
11 Year beginning March 21 of that stated. 
12Data include low-ranked coals, including some lignite. 
Year ending June 30 of that stated. 


Coal—Pennsylvania 
Anthracite 


By L. W. Westerstrom! and W. M. Watson? 


All of the reported output of anthracite in 
1976 was produced in northeastern Pennsyl- 
vania. The anthracite region is divided geo- 
logically into four fields: Eastern Middle, 
Northern, Southern and Western Middle. 
The area is also grouped into three trade 
regions: Lehigh, Schuylkill, and Wyoming. 

The total production in 1976 was 6.2 
million short tons, a 0.460 increase over the 
amount produced in 1975. Of the total 
output, 48% was produced at strip pits, 41% 
was recovered from culm banks, 9% was 
produced at underground mines, and ap- 
proximately 2% was recovered from river 

operations. In comparing 1976 
with 1975, there were increases of 17.060 in 
production from strip mines and 15.860 in 
the recovery of river coal. There were de- 
creases οἵ 12.5% in culm recovery and 8.9% 
in production from underground mines. 

The total value of the 1976 output was 
$209.2 million, a 5.4% increase over the 
1975 value. The average commercial value, 
f.o.b. preparation plants for all sizes, in- 
creased $1.67 per ton (from $45.04 to $46.71), 
and the average value of buckwheat No. 1 
and smaller sizes increased $1.50 per ton 
(from $27.61 to $29.11). 

Apparent consumption of Pennsylvania 
anthracite in the United States in 1976, 
calculated as production minus exports (in- 
cluding that exported to West Germany for 
use by the U.S. Armed Forces), totaled 
approximately 5.0 million tons, a decline of 
1.990 from the 5.1 million tons consumed in 
1975. 

Exports of anthracite (as reported to the 
U.S. Bureau of the Census) totaled 615,167 
tons for 1976, a decrease of 3.8% from the 
amount exported in 1975. However, when 
the quantity shipped for use by the U.S. 
Armed Forces in West Germany is added 


to the tonnage reported by the Bureau of 
the Census, the actual tonnage exported is 
1,188,234 tons, an increase of 8.5% from the 
comparable amount shipped in 1975. 

The Pennsylvania anthracite mining in- 
dustry worked an average of 235 days in 
1976 and employed a work force of 3,686. Of 
that total, 742 were employed at under- 
ground mines, 1,375 at strip operations, 328 
in recovering coal from culm banks, 15 in 
dredging operations, and 1,226 at prepar- 
ation plants and other surface operations. 
In operation were 122 underground mines, 
112 strip pits, 117 culm banks, 6 dredges, 
and 91 preparation plants. 

Productivity in the anthracite industry 
declined in 1976. The average output per 
man per day declined from 7.45 tons in 1975 
to 7.19 tons in 1976. There was one fatality 
in 1975 and one in 1976. Nonfatal injuries 
increased from 351 in 1975 to 374 in 1976. 

Legislation and Government Pro- 
grams.—State and Federal Government 
public works-type programs in the environ- 
mental area continued throughout 1976 and 
included control and extinguishment of 
fires from abandoned underground mines, 
reclamation of old strip pits and culm 
banks, and extinguishment of burning coal 
mine refuse banks. In addition, mine-water 
control projects were designed to secure the 
safety and livelihood of mine personnel and 
to protect anthracite reserves from the 
hazards of adjoining abandoned mine pools 
and possible inundatation by surface flood 
waters. 

Hydrologic studies continue to evaluate 


‘Industry economist, Division of Coal. 
2Statistical assistant, Division of Fuels Data. 
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980 


mine-water problems. They involve deter- 
mination of the varying heights of under- 
ground mine pools, their hydrostatic pres- 
sures, and their possible effect on barrier 
pillars and mine dams protecting active 
mining operations, and acid mine-water 
drainage into surface streams and the un- 
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consolidated valley fill. Under the closely 
related mine-water control program, a 
comprehensive series of mine pool monitor- 
ing stations have been installed, and addi- 
tional phases of the project are proceeding 
in the Western, Middle, and Southern 
fields. 


SUSQUEHANNA 


Scole, miles 


Figure 1.—Coalfields, regions, and counties of the Pennsylvania anthracite area. 
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FOREIGN TRADE 


According to data released by the U.S. 
Bureau of the Census, 615,167 short tons of 
Pennsylvania anthracite was exported in 
1976, a decrease of 3.8% from that shipped 
in 1975. Of the total, 72.4% was exported to 
Canada, a decrease of 18.1% from the a- 
mount shipped in 1975; 3.1% to South 
America; 0.2% to Asia; and the remainder 
to other countries. The Census Bureau fig- 


ures do not include anthracite shipped a- 
broad for the use of the U.S. Armed Forces 
in West Germany; therefore, a more com- 
plete measurement of exports can be obtain- 
ed by adding the military tonnage (573,067) 
to the tonnage reported by the Bureau of 
the Census. Consequently, 1,188,234 short 
tons was exported in 1976. 
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Table 1.—Salient statistics of the Pennsylvania anthracite industry 


1972 1918 1974 1976 1976 
Production: . 
Preparation planta... short tons 6,618,205 6,311,512 6,454,385 6,117,156 6,127,884 
JFC do. _ _ _ 416,192 441,016 150,468 16,142 87,942 
Used at collieries for 
power and heat do— 11.298 11.373 12,013 10,012 12,401 
Total production _ _ _ _ _ do. _ _ _ 7,106,295 6,829,961 6,616,866 6,203,310 6,228,233 
Value thousands $85,251 750,260 $144,695 $198481 — $209234 
Average sales realization per short ton 
on pre tion- plant shipments 
(excl dredge coal): 
an oer METRO TERRE RUNE MONTES $17.18 18.76 $30.41 $45.04 $46.71 
Buckwheat Νο. 1 and smaller $10.14 $11.30 $18.88 $27.61 $29.11 
WIPO o o or n ehe ee σος $12.40 $13.65 $22.19 $32.26 $33.92 
Percentage of total pre tion-plant 
spent (excludes dredge ): 
ea and larger απ με EET 82.0 81.4 28.8 26.7 21.8 
Buckwheat Νο. 1 and smaller 68.0 68.6 71.2 73.3 72.7 
Export! short tona. _ 743,451 716,546 135,178 639,601 615,167 
Consumption, apparent? _________ do... 5,915,000 5,671,000 5,448,000 5,108,000 5,040,000 
Average number of days worked __________ 216 204 219 214 285 
Average number of men working daily |... 4,183 4,083 3,847 8,907 8,686 
Output per man per da rt tons 6.88 7.15 1.87 1.45 7.19 
Output per man per yea do— 1.486 1,673 1,720 1,594 1,697 
Quantity mined by stripping 533 do... 3,483,076 3,278,977 2,868,783 2,563,701 2,999,584 
Quantity loaded by machines 
underground do... 593,997 421,202 807,475 298,944 284,538 
Distribution: 
Exports to Canada! _________ do... 500,306 477,692 481,345 543,552 445,397 
Loaded into vessels at 
Lake Erie? do_ _ _ _ 89,177 19,244 22,965 12,476 4,936 


1U.S. Department of Commerce; 1972-76 export data do not include shipments to U.S. Military Forces. 
Excludes shipments to U.S. Armed Forces. 
3Ore and Coal Exchange, Cleveland, Ohio. 


Table 2.—Standard anthracite specifications approved and adopted by the 
Anthracite Committee, effective July 28, 1947, and amended July 20, 1953 


Percent 
Size Round test mesh Undersize Maximum impurities! 
(inches) SS as 
Maxi- Mini- 1 
τος. 5 Slate Bone Ash 

Broken ο _ _ ⁰ͤ Through 43/8 oe ἜΗΝ 11/2 2 11 
Over 31/4to3________ 15 71/2 SR nae ΚΗ 

Egi μα πασοκ Through 31/4to3 _____ bt = 1 1/2 2 11 
Over 27/16 _~________ 15 7 1/2 Re 8 11 

LOVE xz Lotes ο 8 Through 2 7/16 . 2 3 11 
Over 15788 15 7 1/2 TE Pie "E 
Chestnut!!! Through 157/88 ots 3 4 11 
Over 13/16 15 7 1/2 ES --- SR 

Γοὰ uno ας Suus Through 13/7/16 rs 4 5 12 
Over 9/16 __________ 15 71/2 c UN — 

Buckwheat No. Through 9/166 Se ΕΚ d. SON 19 
Over 5/16 .......... 15 71/2 NES "we E 

Buckwheat Νο. 2 (rice d --—--- Through 5/16 T a Sis ας 13 
Over3/16 |... 17 7 1/2 s ΕΝ T" 

Buckwheat Νο. 3 (barley) ): h3/16 |... dos s -- =: 15 
Over 3/32 __________ 20 10 -- ae: -- 

Buckwheat No. 44 Through 3/32 ος. PIS cn NR 15 
Over 3/64 __________ 30 10 = E sis 

Buckwheat No. 5s Through 3/644 NL NL S "5 16 


NL No limit. 

1When slate content in sizes from broken to chestnut, inclusive, is less than above standards, bone content may be 
increased by 1 1/2 times the decrease in slate content under the allowable limits, but slate content specified above 
not be exceeded in any event. A tolerance of 1% is allowed on maximum percentage of undersize and maximum 
percentage of ash content. Maximum percentage of undersize is applicable only to anthracite as it is produced at 
preparation plant. Slate is defined as any material that has less than 40% fixed carbon. Bone is defined as any material 
that has 4096 or more, but less than 7596, fixed carbon. 

2Ash determinations are on a dry basis. 


COAL—PENNSYLVANIA ANTHRACITE 383 


Table 3.—Project report 
Project location Project description Sponsor pese of 
ACID COAL MINE DRAINAGE 
Anthracite fields Monthly measurements of mine U.S. ological Sur- Continuous. 
water levels and overflows. vey and Federal 
Carbon, Dauphin, and Mine Drainage Project No. 46 5 Work 
Dau „ an e o. 46, ureau ork in 
Schuylkill Counties. Phase E. Mines and gress 1976. 
Commonwealth of 
vani 
SURFACE SUBSIDENCE 
Lackawanna County: 
Archbald Borough -...... Pumped Slurry Mine Backfilling Federal Bureau of Work started 
Demonstration Project. Mines. 1976. 
Dickson City ____ _ - Subsidence control, backfilling _ ~~ _ P Work in pro 
Jessup Borou gg Pumped Slurry Mine Backfilling 0 Work started 
Demonstration Project. 1976. 
Moosic Borough -...... Subsidence Control!!! Federal Bureau of Do. 
Mines and 
Commonwealth of 
Olyphant Borough Demonstrati ject for h Federal deoe Work 
yp EREA mo on or hy- ureau ork com- 
draulic backfilling into inaccessi- Mines. pleted 1976. 
ble mine voids to establish limita- 
tions in the use of the pumped 
slurry. 
Scranton: 
Hill section Sudsidence Control Project No. 12, Federal Bureau of Work in pro- 
Phases 1 and 2. Mines and gress 1976. 
Commonwealth of 
Pennsylvania. 
Minooka section Filling mine voids. Blind-flushi FTC Work com- 
approximately 17 acres of a Pilot pleted 1976. 
Demonstration ES sede 
Southside section Hyarane ne of mine voids, 222 AO et ct cc Do. 
o. 11. 
Taylor __ ~~~ Subeidence control, backfilling ~~ _ _ Federal Bureau of Do. 
es. 
Luzerne County: 
Borough of Swoyersville Subsidence Control Project No. 15 Federal Bureau of Work started 
Mines and in 1976. 
Commonwealth of 
Pennsylvania. 
Pitts ton Subsidence control! JJ E a Work in ro- 
gress : 
Plymouth Borough ... Subsidence Control Project No. 16 ον. Scere Mr Marton 
SURFACE MINE RECLAMATION PROJECTS 
Luzerne County: . 
Nanticoke ........-. _ _ _ _ Surface Mine Reclamation Project Federal Bureau of Work started 
No. 18. Mines and and com- 
Commonwealth of Tre in 
Pennsylvania. 976. 
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Table 6.—Sizes of Pennsylvania anthracite (excluding dredge coal) 


prepared at plants, by region 
(Percent) 
Gise 1972 1978 1974 1975 1976 1972 1978 1974 1975 1976 
Lehigh region Schuylkill region 
Lump? and broken ας. --- .- 25 TE πα τος S" o ue 
CCF 2.4 4.6 5.4 5.7 3.9 0.3 0.3 0.1 (Š) (3 
Stove ____________ 10.8 12.9 14.4 12.8 14.1 10.2 9.1 1.6 8.5 9.1 
Chestnut 10.6 9.9 12.8 11.4 13.2 10.1 9.4 8.6 9.6 9.3 
Peg — κος 8.5 8.5 9.9 6.3 8.5 6.9 6.8 6.5 7.0 6.2 
Total pea and 
Ponti 32.8 35.9 42.5 85.7 39.7 27.5 25.6 22.8 25.2 24.6 
Buckwheat No.! 12.1 11.8 12.1 10.8 13.9 9.0 8.7 7.5 8.8 8.1 
Buckwheat No. 2 
FF 9.0 11.3 8.6 11.1 8.8 8.3 7.5 8.3 8.3 
Buck wheat No. 3 
— 9.1 9.4 11.1 9.1 11.2 12.2 11.2 10.2 11.8 9.0 
Buckwheat No. 4 5.9 5.6 5.9 4.8 5.2 10.3 8.5 7.3 1.6 8.6 
Buckwheat No. 5 14.5 14.5 16.0 10.7 9.2 22.0 20.4 20.3 15.4 11.7 
Other? ___________ 1.1 14.9 1.1 20.8 9.7 10.2 17.3 24.4 22.9 29.7 
Total buck- 
wheat No. 1 
and smaller _ _ _ _ _ 67.7 64.1 57.5 64.9 60.3 72.5 74.4 77.2 74.8 75.4 
Wyoming region Total 
Lumpi and broken ἍΝ PON zum zm hie = σα us "E ΕΗ 
Me a eet 1.7 1 1.9 1.6 2.5 1.1 1.7 1.6 1.9 1.4 
Store 19.6 14.1 6.8 8.0 2.6 11.0 11.0 9.8 8.8 9.5 
Chestnut __________ 15.6 18.8 14.0 4.6 5.0 11.4 10.2 10.3 9.4 9.7 
3 PR CEN 12.9 14.4 8.3 5.4 8.5 8.5 7.6 6.6 6.7 
Total pea and 
| c ecu 43.8 444 81.0 14.6 15.3 32.0 81.4 28.8 26.7 27.3 
Buckwheat No. 1 16.4 15.9 7.8 10.3 6.7 11.2 10.7 8.7 9.5 9.6 
Buckwheat No. 2 
ice -.-.-. -.-- -. -.. -- 9.8 9.1 5.5 9.5 7.7 9.1 8.6 8.2 8.5 9.0 
Buckwheat No. 3 
ley) ------ 11.5 13.1 11.8 18.2 12.6 11.3 11.0 10.6 11.2 10.1 
Buckwheat No. 4 4.4 5.4 10.3 7.2 6.2 8.0 7.2 1.2 6.8 1.4 
Buckwheat No. _ _ _ _ _ 2.5 7 1.2 8.5 10.7 16.1 15.9 17.2 12.3 10.8 
Other! 11.6 9.4 82.4 41.7 40.8 12.3 15.2 19.3 25.0 25.9 
Total buck- 
wheat No. 1 
and smaller _ _ _ _ _ 56.2 55.6 69.0 854 847 68.0 68.6 71.2 79.3 72.7 
1Quantity of lump included is insignificant. 
WLess than 0.05 96. 
Includes various mixtures of buckwheat Nos. 2 to 5 and coal of relatively low dollar value. 
Table 7.—Production of Pennsylvania anthracite in 1976, by region and county 
(Thousand short tons and thousand dollars) 
š Rail shipments Truck shipments Colliery fuel Total production! 
nix Quantity Value? Quantity Value“ Quantity Value Quantity Value“ 
REGION 
Lehigh: Preparation 
hig lants -.....-.---------- 866 38,728 800 90,384 δ 234 1,671 69,292 
Schuylkill: 
Preparation plants 958 39, 785 2,613 73,878 7 263 3,578 118,927 
Dredges ........-..-- -- -- 4 43 84 886 8 "s 88 879 
Total Schuylkill’ _ 962 39, 828 2,697 74,114 7 263 8,666 114,806 
Wyoming: Preparation 
dis plant? 152 5,158 739 19,958 ($) 20 891 25,136 
Total:! 
Preparation plants _ _ 1976 83,666 4,152 124,170 12 517 6,141 208,355 
Dred ges 4 43 84 836 ae ae 88 879 
Grand total!! 1,980 83,710 4,296 125, 007 12 517 6,228 209,234 


See footnotes at end of table. 
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Table 7.—Production of Pennsylvania anthracite in 1976, by region and county 
—Continued 


(Thousand short tons and thousand dollars) 


Rail shipments Truck shipments Colliery fuel Total production! 


Source — a — 
Quantity Value“ Quantity Value“ Quantity Value Quantity) Values 
COUNTY 
Berks and Snyder 43 71 795 P e 75 777 
3 16 218 284 1,865 M MES 1, 
Columbia HR E 101 8,644 MS πα 101 8,644 
uphin __ -...- AMA x 61 1,244 -- 61 1,244 
wanna 14 200 5,599 (°) 8 214 6,048 
„ 667 881 80,777 247 1,554 59,557 
Northumberland 200 6,74 691 17,974 (°) 35 892 24,756 
Schuylkill ...... .. . 1,079 47,132 1,888 56,109 228 2,973 104,069 
van __ ee e: = 58 1,560 ae Sup 58 1,560 
Total: _.______ 1,980 83,710 4,296 125,007 12 517 6,228 209,284 


Pata may not add to totals shown because of independent rounding. 
*Value given for shipments is that at which coal left possession of producing company; does not include selling 


expenses. 
Includes Sullivan County. 
‘Leas than 1,000 short tons. 


Table 8.—Pennsylvania anthracite produced, by field 


(Thousand short tons) 
Field 1972 1978 1974 1975 1976 
Eastern Middle: Breakers and washeries_ _ _ _ _ — 1,221 1,288 1,156 1,170 962 
Western Middle: 
Breakers and washeries |... -- 1,741 1,668 1,939 1,451 1,658 
Dredge@ ( 8 W W W W W 
Totàl ul ee Lu u umm W W W W W 
Southern: 
Breakers and washeries — —- - - -- - ------— s 2,427 2,698 d 2,633 
Total noa ern W W W W W 
Northern: Breakers and washeries! |... _ _ _ _ 1,334 1,011 677 905 891 
Total: κει 
Breakers and washeries____ _ _ _ _ -. -.-. -. -. -. 6,629 6,389 6,466 6,121 6,140 
Ὀτθάρθα _ _ -- 477 441 150 76 88 
Grand total? ___________________ 7,106 6,830 6,617 6,208 6,228 


W Withheld to avoid disclosing individual company confidential data. 
Includes Sullivan County. 
Pata may not add to totals shown because of independent rounding. 
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Table 9.—Pennsylvania anthracite produced in 1976, classified as fresh-mined, 
culm-bank, and river coal, by field and region 


(Thousand short tons) 
Fresh-mined coal 
Underground mines From From 
Source ace Strip culm river Total! 
ically Hand Tota) pit 8 
loaded 
FIELD 
Eastern Middle ~- e we 871 91 E 962 
Western Middle 46 16 122 518 1,018 W W 
Southbeerrnn 238 462 W W 
Northern? ______________ -- e -- 246 646 ene 891 
Total 285 299 584 2,999 2,551 88 6,228 
REGION 
All 2e EN ας 1,240 490 -- 1,671 
Schuylkill |... 2... 299 1,518 1,481 88 8,666 
Wyoming τα He ΕΝ 246 646 MS 892 
Total! __ 285 299 584 2,999 2,551 88 6,228 
W Withheld to avoid disclosing individua] company confidential data. 
1Data may not add to totals shown because of independent rounding. 
3Includes Sullivan County. 
Table 10.—Production of Pennsylvania anthracite from strip pits 
Mined b Α 
το. Percent of N umber of di s 
(thousand total employed of days 

επιμ edm ⁵³ ³ĩð A aus 8,483 8.7 2,011 261 
I ³⁰ Add 3,279 81.9 ,633 250 
1774; ὃς um ee ee ees 2,869 81.4 1,876 244 
IJJJJ.üüü K ⁵ Denis 2,564 9.9 1,468 218 

1976: 
high τοσίοη.........-..-.-----------.-.-.-------- 1 84.6 ΝΑ ΝΑ 
Schuy C τς a 1,513 42.2 NA NA 
Wyoming region’ ................--.-.------------ 246 6.9 NA NA 
Total or average 2,999 83.7 1,875 235 

NA Not available. 


1Includes Sullivan County. 
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Table 11.—Power shovels, front-end loaders, and draglines used in recovering coal from 
culm banks and stripping Pennsylvania anthracite, by type of power 


1974 1975 1976 
Type of Front- power Front- Front- p 

power end . Drag- end " Ρις end nés - 

load. Shov- Jines Total joad- shov- Jines Total joad- Shov- jeg Total 
ers ers 

Gasoline _ es 2 4 e 4 1 -- 1 2 
Electric _ ` M 90 — B 27 9 3 89 
rae NUM 146 21 18 246 179 88 98 315 215 45 104 864 

electric àz = = = n -- 1 1 2 Ἄρα 1 1 
Total 146 43 105 294 179 56 127 362 215 56 186 407 


Table 12.—Production of Pennsylvania anthracite from culm banks, by region 


(Thousand short tons) 
Lehigh Schuylkill Wyoming 
Year region region region Total 
öô ˙ p πεσει ών 614 1,411 177 2,202 
ôêĩ%ĩ5¹i ο ̈ͥ;ꝗ ...... 611 1,612 161 
õõĩöĩið¹ʃii1 468 2, 2.940 
;öõÄ· ³˙A¹w mg! a 88 720 1,492 710 
/%öͤù ]⁰ð˙ͥ ο απ Set y E 490 1,481 646 2,561 


Table 13.—Estimated production of Pennsylvania anthracite in 1976, by week! 


Week ended— ἐόν e. Week ended— Erin: Week ended— 3 
Jan. J Qs 85 May (MEET M 180 Sept. 4 ..- 135 
eee 120 14 ..- 185 Pb ον. 100 
11 125 οἱ ___ 145 18. 120 
^^ μεν 130 2 ___ 145 25 us 125 
29. 115 June 4 .-- 155 Oct. 4. uus 125 
Feb. / ος 110 IL ces 145 . 115 
4 105 18 140 16 ... 110 
21. ` c 115 25 __- 135 33 115 
28 ___ 10 July Pm 30 ... 120 
Mar. m 105 g: c 130 Nov. o oc 123 
12. uus 110 1688 130 18. 120 
19... 105 28 125 20 ___ 100 
26 ..- 125 30 ... 155 A < 100 
Apr. d. το 110 Aug 6 ..- 135 Dec 4. 125 
| x 140 1 ... 130 Il i 105 
16 ... 105 20. nao 125 18 ... 125 
23 140 e zzz 140 25 ..... 95 
30 105 Jan. 1 75 
Total. ---------- 6,228 
1Estimated from weekly carloadings as reported by the Association of American Railroads and other factors; adjusted 


to annual production from Bureau of Mines canvass. 
i represent production in that part of week included in calendar year 1976. 
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Table 14.—Estimated monthly production of Pennsylvania anthracite! 


(Thousand short tons) 
Month 1972 1973 1974 1975 1976 

, e e e e 583 522 516 540 525 
FObrUMS o e hee ð⅛˖—Ü‚ ee ee 542 568 458 585 440 
Mah 2 σα a 622 641 591 544 525 
Aim JJ aun ay ia SE sZ 8 481 581 563 210 520 
nnn μαμα ĩðͤ E TE E 706 641 589 585 555 
JUDE. το ο ec LA E ο ο ὃς eiu a d 515 609 505 544 610 
OY i as uu exact auc ELA LE E Mis 465 484 448 455 490 
lic. Apc D ⁰ydym yd 688 587 620 585 590 
///] « ꝙ ͥ»ATP—P̃ dT A ce 611 582 516 500 515 
%% neo revo bu LE 614 641 560 490 
ποσο ο τας ο ο ĩðÄͤ A EIL LE 650 582 610 555 493 
λα ο ο EA ο ο ο ο ον 519 630 415 
Jim mei ecu Im c 7,106 6,830 6,617 6,203 6,228 


Table 15.—Pennsylvania anthracite loaded mechanically underground 


(Thousand short tons) 
; Conveyor and Total loaded 
Scraper loaders Mobile loaders pit-car loaders mechanically: 
Year Num- Num- Num- Num- 
„ on „ μα O & ᾱ Ee 

units unis | unis | unis — (| 
1912 Se oS a 81 347 16 136 46 111 143 594 
το ο ee uy 72 220 4 106 96 123 421 
1974444. 89 6 169 41 49 111 307 
1076 ͤ = 3 15 66 4 188 44 44 299 
1918 oz 17 62 4 152 25 71 46 285 


1Data may not add to totals shown because of independent rounding. 


Table 16.—Trends in mechanical loading, hand loading, and stripping of 
fresh-mined Pennsylvania anthracite 


(Thousand short tons) 
Underground Strip pits 
Percent 
Percent Percent 
Mechan- Hand of 
Year Ἢ ΠΠ E τω ο MC Tat 
oading min 
ground ing ground N 
1919 ος αμα 594 62.9 850 81.1 8,483 18.1 4.421 
19789 421 58.0 805 42.0 126 8,279 81.9 4,005 
1914. soon 801 46.8 850 53.2 2,869 81.4 8,526 
1975... ----- 299 46.6 842 53.4 641 2,564 80.0 3,205 
1 -eaan 285 48.8 299 51.2 2,999 83.7 8,583 
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Table 18.—Average value of Pennsylvania anthracite from all sources, by region: 


Oer net ton) 
1975 | 1976 
Region Shipped Shipped Colliery Shipped Shipped Colliery 
by rail  bytruck fuel Total ντα]  bytruck fuel Total 
Lehigh g $41.52 $30.02 $3891 $351] $44.74 287.90 $44.95 $41.46 
Schuylkill ________ 40.54 27.68 36.86 31.72 41.39 27.71 89.66 31.82 
Wyoming 38.25 25.45 46.89 26.97 83.87 21.02 35.87 28.20 
Total _________ 40.80 27.81 87.97 81.99 42.21 29.51 4171 33.59 


1γα]υο given for shipments is that at which coal left possession of producing company; does not include selling 


Table 19.—Wholesale prices of Pennsylvania anthracite in 1976, by size! 


(Per short ton) 
Size Winter Spring Summer-Fall Yearend 

Ege and stove ____________ $47.25-$47.50 $47. 7. $47.25-$47.50 $47.25-$47.50 
677 41.00-47.50 41.00-41.50 41.00-47.50 41.00-47.50 
οκ ορ 42.00-42.50 42.00-42.50 42.00-42.50 42.00-42.50 
Buckwheat No.!!! ' 42.00-42.50 42.00-42.50 42.00-42.50 42.00-42.50 
Buckwheat No. 2 (rice)... 42.00-42.50 42.00-42.50 42.00-42.50 42.00-42.50 
Buckwheat No. 3 (barley) _ _ _ _ _ 42.00-42.50 42.00-42.50 42.00-42.50 42.00-42.50 


1As quoted in the Black Diamond Magazine. All prices are per short ton f.o.b. at mines. 


Table 20.—Employment at operations producing Pennsylvania anthracite 
(including strip contractors) in 1976 


Lehigh Schuy- Wyoming , Total 
region region region! 1976 1975 
Ave number of men working daily: 
Underground MOOR METRIS: 4 ee NA NA NA 742 738 
StD. nume ca c ss NA NA NA 1,875 1,468 
EE SM Mo d 
paration plant 
Other surface ............--------------- NA NA NA 3 3 
Total excluding dredge 
operations -.............-.---------------- NA NA NA 8,671 8,892 
Dredge operations NA NA NA 5 
A NA NA NA 3,686 8,907 
Average number of days active: 
All operations except dredges ............. NA NA NA 235 218 
Dredge operations NA NA NA 250 275 
Average, all operation NA NA NA 235 214 
Man-days of labor: 
All operations except dredges _ _ _ _ _ _ NA NA NA 863,000 829,000 
Dredge operations .........-.-------------- NA NA NA 4,000 4,000 
Total, all operations NA NA NA 867,000 833,000 
Average tons per man-day: I n C 5 C C SS 
All operations except VN. cocoon NA NA NA 7.12 7.89 
Dredge operations NA NA NA 23.45 18.46 
Average, all operations NA NA NA 7.19 7.46 
NA Not available. | 
1Includes Sullivan County. 


*Included in operations above. 
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Table 22.—Truck shipments of Pennsylvania anthracite in 1976, 
by month and State of destination! 


(Thousand short tons) 
Per- 
cent 
Destination Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total «5 
truck- 
ed 
Pennsyl- 
vania: 
Within 
DINEM = 117 102 98 19 72 13 71 102 95 105 121 141 1.171 32.3 
e 
ion __ 170 155 190 168 162 178 154 176 176 182 178 169 2,058 56.6 
New York . 26 26 19 25 29 84 24 19 24 26 26 30 308 8.5 
New Jersey 4 4 5 4 4 5 2 8 2 6 6 49 1.4 
Delaware 1 1 à 1 1 1 1 1 1 1 1 1 11 8 
Maryland _ 1 1 3 (5 à 1 1 1 1 1 1 1 9 2 
Other States 3 2 2 1 2 2 1 8 8 8 2 2 26 E 
Total:“ 


1976 — 322 291 309 272 270 294 255 304 302 321 336 350 83,626 100.0 
1975 . 314 358 284 198 248 293 259 306 281 318 "222 524 3,600 100.0 


Revised. 

Compiled from reports of Pennsylvania Department of Environmental Resources. 
Less than 1/2 unit. 

*Data may not add to totals shown because of independent rounding. 


Table 23.—Shipments of Pennsylvania anthracite, by destination! 


(Thousand short tons) 
Destination 1972 1973 1914 1915 1916 
TRUCK SHIPMENTS 
Pennsylvania: 

Within region d sh LIAE 1,584 1,511 1,410 1,288 1,171 

Outside region .........------------------------------ 1,793 1,758 1,943 1,923 

New York —————À o ³ ³ ne meum S eee 44 380 416 300 
New Jersey uoc Liane eee 89 71 77 56 49 
Del Wapa ——— οσο ο ule e xr ee 88 15 11 11 9 11 
μπα. sa ο σε το καν yy ⁰⁰yt y Eu 23 26 30 9 9 
District of Columbia 2.222222 222222222222 (2) vm í on "e 
Other 98008... — ] ¹ ¹⁵ A LLL 21 8 30 16 2 
ο μμ μμ y ee 9,966 3,771 3,917 3,601 8,626 

RAIL SHIPMENTS 

New England Statessss 49 45 87 29 23 
New York mu mde ecc . cech i a 281 299 1817 106 135 
New dergey d ALLLBO LLL 85 55 34 55 79 
Pennsylvania ᷑⏑y ñ;?ĩ:“ . ee 830 856 679 586 52⁴ 
Delaware 2.2.52 d mede a 2 (2) (2) 3 (3) 
Maryland: 24 ee eee y See See es 2 1 23 1 1 
v: rict of Col —— 7 7ç—ç—— 7 —— : : 15 11 3 - 4 
hig co ο ο το το... 124 122 77 50 59 
JJ; ώμο ον - 42 43 34 25 4 
r ⁰³ PT E 47 56 61 45 66 
iii; ³ A a a Zum 10 8 6 8 8 
ο ο πω ο ως οποια eene us Tal 90 26 90 25 19 
CCC ↄ ³⁵ ÄMMAA¶ ο ου αμα οσα 10 11 28 18 6 
la τι ον ο S: μιάς τισ κος ας ο LI 31 86 47 42 84 
» ]˙Üẽdn. c cc iie E a 49 98 72 63 45 
Other States — ³⁰ i oA ee = s 290 811 816 234 244 
Total United States 1,891 1,977 1,649 1,280 1,245 
PACHOR é 348 908 218 
Other countries ...........-.-.- -.----------------------------------------------- 874 884 327 894 406 
Grand totfaůl —T—TT 42,651 2,150 2,324 1,977 1,929 


Compiled from reports of Pennsylvania Department of Environmental Resources; does not include dredge coal. 
Less than 1/2 unit. 

3Data may not add to totals shown because of independent rounding. 

*Corrected figure; erroneously reported in 1972. 
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Table 24.—Consumption of Pennsylvania anthracite in the United States, 


by consumer category 
(Thousand short tons) 
Iron and steel 
d ban Collie El = Other 
an iery ectric Cement inter- 
Year commercial fuel utilities! plants Coke 5 bid uses® 
hea making pellet- 
19/2 .- —— ets 2,960 11 1,584 W 414 283 603 
1978 __ _ 2,917 11 1,442 Ww 467 231 608 
1974 __ 2,5 12 1,498 W 444 861 550 
1915 νεσωας 2,128 10 1,482 W 326 3231 925 
1978 2,016 12 1,850 W 380 140 1,142 
Estimate. W Withheld to avoid disclosing individual company confidential data; included in “Other uses.” 
1Federal Power Commission. 
2Annual Statistical Report, American Iron and Steel Institute. 
Annual Statistical Report, Federal Bureau of Mines. 
λ 
Table 25.—U.S. exports of anthracite, by country and customs district 
1915 1916 
Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
COUNTRY 
Argentina -.----------------------—-—— 31 $4 140 
Australia πμ o ο ο μαμα 1,868 285 3,988 462 
F; —— ——— 1,071 171 
Mouse ο ο CD 548,552 20,905 445,897 16,154 
Chile o. e ce ( CL EL. 878 88 1,049 
China, People’s Republic o 674 11 τος MES 
Co. 7. o tc ³ 88 57 10 aon == 
Dominican Republik 10 1 ΕΗ 
)))) ⁵ð // ³ĩ Oe Oe Rat Os 568 112 
αοπμυκω πμ ee ne OEE μασ 39,808 1,425 105,003 3,784 
Germany, West __ _ _ _ 44 s 6,65 171 
mb rct ĩ³ 8 2,215 147 ΕΝ aust 
ιν... a πα ae 11,357 391 7 1 
Korea, Republic oeh 142 7 13 
IJC;ͤÜ . uL Iu τος T: 946 15 
οσο ß ß LE 12,128 722 16,040 
Netherlands ..................΄---------------------------------- 21 7 1 16,440 660 
Philippine 225 16 1,159 102 
Saudi Arabian 2 eas 161 
Surinam ITT oe a 59 617 70 
ο απο Lu DEM T 2,959 261 51 7 
Trinidad and Tobago „ 212 18 S 
enesuela. v 5,758 499 16,552 1,885 
Othèr c ⁊ↄ casa 1 19 41 
Toul- no uu uuu ere es d 639,601 25,801 615,167 24,008 
CUSTOMS DISTRICT 
Baltimorttne „ 
% ² ˙·¼mmQmààà... 8 127,829 4,065 136,727 3,755 
Dum ο ο νο A 22,511 961 24,827 759 
PRNO o nnde ß LL eee 338 11 61 2 
Galveston... ος ως εδ 888 674 11 M" asus 
Great Falli. — uen 359 88 85 
%%% ³⁰ ccr eeu di Lee UE τε 10 
per ο 6VI‚ ο μμ» 11,540 709 15919 szi 
Angeles __---------------------- ΜῈ SP 
TY Me το το ο ͤ y km 8 92 2 2 
lll ————Ó 272 48 617 70 
New Orlennn ass ᷓͤ— 2, 957 501 11.658 1,021 
New York City . )'7˖ t 1,011 58 8,158 116 
e le ES ος ue ας 250 8 MUN 
Norfolk —— ß i DS usss s τα 161 35 
οι EDMONTON ana cs 12,139 2111 867 924 
Pembing. cuiu e ULL e 30 2,217 88 
Philadelphia ........ -..- --------------------------------------- 397,497 17,143 351 16,089 
,MBIDÉ ccce ee 390 42 6 
San Francisco o -.. -. -. -. -. -. -.. -.. -..-. -. -.. 296 21 1,142 99 
7ô§˙Ü Lc πο 212 1 TM eee 
St l! A EE 75 p -- 
αν cH IL 2 286 5 
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Table 26.—Anthracite: World production, i by country 


(Thousand short tons) 
Country? 1974 1975 1976? 
Belgium RR RUP ³A AAA RR μα ER 2,241 1,661 1,188 
)) 8 129 1 4120 
China, chins, Peoples Republic i 22,000 22,000 22,000 
)). T ree ĩͤ . ĩͤ v 8 6,586 5,901 95,800 
ο... Wet: 2 τσ ne ee 8,139 8,484 7,306 
II %ſ%ͤſꝗſͥÿt ⁰⁰ydyd Le reel tae 75 53 54 
56534 ͥͥͥ % ¾˙e 7 dd 6mm 8 154 101 42 
OM COH MERO REOR x DROP OR ia ἃ, T94, 85,000 86,000 
Korea, Republic oo 16,825 19,898 18,108 
OOOO Luo dd ως CI SM E 633 719 
Netherlands -. | nummo 8 883 ΓΗ nc. 
J T ³·AA qp . 1 611 11 
/ ες ο ο το ο ο ο Et NE 254 248 218 
ονομα ώμου μμ NY 99 99 
South Africa, Republic of ...................-.-.-.-.-.---.-.-.------.--.-.----.-. 1,582 1,754 2,711 
Spain ) ⁵ð ον ος πας a τες 8,250 8,471 
BSR mE — € 83,686 84,000 84,000 
United Kingdom ~~~. 2 h -- 2,198 92198 900 
United States Pennsylvania 6,611 6,208 6,228 
μον μυών πώ μμ ον. 8,900 4,400 5,500 
Total. d ter T nee LL ed Σ198 696 196,301 196,769 
*Estimate. 


PPreliminary. Revised. 
1An unspecified amount of semianthracite is included in figures for some countries. 
*[n addition to the countries listed, Canada, Colombia, and New Zealand, uce anthracite, but the level of 
production is not recorded and available information is inadequate to make reliable estimates; in Colombia output may 
total 100,000 tons annually, while in New Zealand output is insignificant. 
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Cobalt 


By Scott F. Sibley! 


Cobalt demand rebounded in 1976 from 
the relatively low levels in 1975. The in- 
crease followed the general resurgence in 
industrial activity and the favorable eco- 
nomic situation during the year. Demand 
for magnetic materials was especially high, 
while that for superalloys was relatively 
low. Total reported consumption of cobalt in 
the-United States was 16.5 million pounds, 
a 29% increase over that of 1975. 

A supply bottleneck occurred early in the 
year after bridges along the Benguela Rail- 
way, linking the cobalt-producing regions of 
Zaire and Zambia with the port of Lobito, 
Angola, were damaged by rival factions in 
the Angolan civil disturbances. Informal 
rationing by suppliers followed. Even 
though the rail line reportedly was repaired 
in August, permission for Zaire to use it was 
delayed. However, a favorable route via the 
port of East London, the Republic of South 
Africa, was utilized. 

Government deliveries of cobalt sold from 
Strategic stockpile excesses (6.7 million 
pounds) were a significant source of supply 
during 1976. 

The major dealer for cobalt in the United 
States, African Metals Corp., notified cus- 
tomers April 6 that it would limit cobalt 
shipments to each buyer on the basis of 
average monthly deliveries over the pre- 
vious 15 months plus 25%. On December 1, 


African Metals lifted its allocation system 
because of the return of its stocks to normal 
levels. 

Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) continued to offer for sale during 
most of 1976 specification-grade cobalt met- 
al in various forms from excesses in the 
national stockpile. Government sales of co- 
balt by competitive bidding in 1976 totaled 
5,180,696 pounds, compared with 4,896,384 
pounds in 1975. Sales were on an unre- 
Stricted bid basis except that total sales of 
specification-grade material were limited to 
about 1 million pounds per month and 
500,000 pounds per bidder per month. On 
April 6, GSA announced a revision of the 
cobalt invitation for bid MET-201. The revi- 
sion provided for (1) a reduction in the total 
quantity of cobalt available for sale each 
month during April through September, (2) 
restriction of sales to domestic use only, and 
(3) a limitation on the quantity available to 
any one purchaser to 20% of the quantity 
offered each month, down from the previous 
limit of 50%. 

On September 7, GSA announced the 
withdrawal of its Invitation for Bids for 
Cobalt PMDS-MET-201, following es- 
tablishment of the Government's new 


! Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient cobalt statistics 
(Thousand pounds of contained cobalt) 


1972 

United States: 

VCC 13:315 

or consumption : 

Stocks, Dec. 81: Consumer 1,19 

Price: Metal, per pound .............-.-..... -. -. $2.45 
World producton, mine 54,752 

"Revised. 


1973 1974 1975 1976 
18,741 18,861 12,787 16,482 
19,238 16,122 6,608 16,487 

2,451 2,047 71,801 8,180 
$2.45-$8.10 — 23.10-83.75 83.75-54.00 84.00-85.40 
64,856 "68,090 64,924 57,362 
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stockpile policy. From the first bid opening 
in April 1972, a total of 27,907,371 pounds of 
cobalt were sold under this invitation. Fol- 
lowing this announcement, a government 
news conference was held October 1, 1976, 
concerning the U. S. stockpile of strategic 
and critical materials. A new stockpile goal 
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for cobalt was listed as 85,415,000 pounds. 
The total inventory of cobalt in the stock- 
pile as of December 31, 1976, excluding 
material sold but not delivered, was 
40,950,685 pounds. Deliveries from the 
stockpile totaled about 6,698,000 pounds. 


DOMESTIC PRODUCTION 


There was no domestic mine production 
of cobalt in 1976. However, AMAX Inc., 
began significant production at its refin- 
ery in Braithwaite, La., and reached greatly 
improved operating capacity. According to 
AMAX’s 1976 annual report, 363,000 
pounds of cobalt were produced during the 
year; this was about five times that reported 
for 1975. By yearend, the refinery was 
operating at about 65% of capacity of 1 
million pounds of cobalt per year. Nickel- 
cobalt and copper-cobalt matte was supplied 
to the plant from New Caledonia, the Re- 
public of South Africa, and Botswana. Em- 
ployees at the facility, members of the 
United Steelworkers of America, Local 
8373, accepted a labor agreement at mid- 
year, with a termination date of August 
31, 1979. Reportedly, the new wage pact 


provides for increased wages, including a 
90-cent-per-hour across-the-board raise ef- 
fective September 1, 1976, as well as cost of 
living protection and other benefits. 

Research by the Bureau of Mines to 
encourage and enable development of low- 
grade domestic laterites (see Technology 
section) continued, and the second stage of a 
feasibility study for a plant to process 5,000 
tons per day was completed by contract 
consultants for the Bureau. Preliminary 
steps were also taken by the Bureau to 
evaluate the laterites as to their grade and 
extent. In addition, some development work 
was undertaken by AMAX Inc., to develop 
the Duluth gabbro sulfide deposits. How- 
ever, environmental obstacles remain to be 
overcome, and no actual mining is expected 
before 1988. 


CONSUMPTION AND USES 


Consumption of cobalt in the United 
States remained strong throughout 1976, 
rising 29% over that reported in 1975. Of 
the cobalt consumed, 71% was as metal, 3% 
as oxide, 24% as salts and driers, and 2% as 
purchased scrap. Consumer stocks soared 


77% above their 1975 yearend level, re- 


flecting concern over the possibility of dis- 
ruption of supply from southern Africa. 
Major uses in 1976 were transportation 
(aircraft), 18%; electrical (magnets), 28%; 
machinery (principally cutting tools), 16%; 
paints (mainly driers), 15%; ceramics, 12%; 
chemicals, 9%; and other, 2%. The greatest 


Table 2.—Comparison of selected end uses, 1975-76 


Percent of total 
1975 1976 
μμ σι ee 0.8 0.2 
J (x 1.4 1.4 
icri κα σος ανα 23 1.4 
EE οκ αμα μον eS 17.6 17.0 
πω μοι κοσμο 11.0 10.0 
ο παν ο ασ 8.7 8.1 
JJ EM EET EEES 16.0 21.1 
παν κος ρα ΜΗ 5.4 4.9 
2322 ERR 1.0 12 
A uay ayu μα 9.0 9.0 
J; ea PRESE 2 uz. T 5 
NR ͤ Pea any WM NER 3 2 
METER ais Ë ee: 22.0 24.1 
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Table 3.—Cobalt materials consumed by refiners or processors in the United States 
(Thousand pounds of contained cobalt) 


Form! 1972 1973 1974 1975 1976 
Alloy and concentrate 120 4 245 ,186 
Metal un u A 3 068 4,028 4,154 8,162 5,001 
Hydrate nonoui 6 60 7 
ο dd 66m 8 16 26 153 110 190 
VTotal consum is not shown because some metal and hydrate originated from alloy and concentrate, and a total 
would involve . id 


For 1974-76, quantity given is cobalt content of imported matte. 


Table 4.—Cobalt products: produced and shipped by refiners and processors 


in the United States 
(Thousand pounds) 
1916 1916 
Production Shipments Production Shipments 


Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobalt 
weight content weight content weight content weight content 


Meta!!! 65 65 NA NA 963 963 NA NA 
Hydrate _ --- 573 858 604 873 952 588 780 451 
Salt?“ ? 1,625 1,749 7,515 1,726 10,876 2,545 10,888 2,444 
Driers „..—----------——- 9,120 198 8,851 172 12,788 1,112 12,551 1,089 
Total 17,383 2,960 16,970 2,871 24,974 4,608 24,169 3,984 

NA Not available. 


1Figures on oxide withheld to avoid disclosing individual company confidential data. 
Various salts combined to avoid disclosing individual company confidential data. 


Table 5.—Cobalt consumed in the United States in 1976, by end use 
(Thousand pounds of contained cobalt) 


Use Quantity 
Steel: i 
Stainless and heat resisting  ΟὮΟΟὮΟΟ...-----------------.-..--- 41 
Full alloy -eo JJ ð ͤ ðò dp 236 
High strength, low alloy |... “?”“ e «„„„„4„ W 
JJC%%%ͤ ˙◻%ù ⁰ͤ»àèT .d E y ETHER ORE w 
Tool u 0 LU um Sa να 0 να. 228 
Su d το ο TS Oa το το MUR 2T 
Ae ο ο ο ere ae 
Cutting and wear-resistant materials „„ 1,586 
Welding ane alloy facing rods and materials ~~~ ee ᾿ tH 
Nana ο το τ p '812 
Mill products made from metal powder ________________________________________-_ W 
Pun e EN 207 
)).. 8 1.446 
με Š 
All ddp Wc eee ee eue 7 
Miscellaneous and unspecified __________________________________-__--------- 345 
κι μμ unco t ER rd μαι κ y ß 12,497 
Salts and driers: 
pigments, enamels, glazes, food, μα. eL u susu Dun man Du CE Smee ES ere 8,985 
Grand (tgl; u L u Du icu Lau u Ru i zz σπα eL EE 16,482 


Te e COMPANY ασ "Miscellaneous and unspecified." 
than 1/2 unit. 
*Includes cemented and sintered carbides and cast carbide dies or parts. 
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Table 6.—Cobalt consumed in the United States, by form 
(Thousand pounds of contained cobalt) 
Form 1972 1973 1974 1975 1976 

Meal uo ct ere es 10,509 14,240 14,420 9,202 11,706 
Oxide 783 668 536 872 462 
,,,.................. 191 264 210 342 329 
Salts and driers___________________ 2,691 3,569 3,685 2,871 3,985 
Total. ee 14,130 18,741 18,861 12,787 16,482 


increases during the year were in magnetic 
alloys (＋ 73%), pigments (+ 609%), salts and 
driers (+ 39%), catalysts (+ 30%), and full 
alloy steel (+28%). Glass decolorizer and 
tool steel showed significant decreases. Of 
particular note was the accelerated demand 
for cobalt in magnetic materials, a re- 
flection of the generally high demand for 
electric motors, loudspeakers, and various 
other types of electrical equipment. How- 
ever, demand for superalloys, traditionally 
a strong factor in the cobalt market, con- 
tinued to be relatively sluggish compared 
with recovery of other end uses. This was 


primarily caused by low orders for commer- 
cial aircraft. For this reason, magnetic 
materials exceeded superalloys, in terms of 
percentage of total demand, for the first 
time in several years. Leading end uses 
were salts and driers (2496), magnetic alloys 
(21%), superalloys (17%), cutting and wear- 
resistant materials (10%), and catalysts 
(996). The large increase in pigments and 
driers may be attributed to increased con- 
struction activity and therefore increased 
demand for paints in 1976 relative to activ- 
ity in this area in 1975. 


PRICES 


The producer price of cobalt remained at 
$4 per pound from January 23, 1975, to 
April 15, 1976, when it was raised to $4.40 
per pound. On September 13, the price was 
increased to $4.90 per pound, and on De- 
cember 24, 1977, the price was raised to 
$5.40 per pound. The first two price rises 
were reported to be the result of increased 
producer costs. The last price change was 
brought about by a realignment of the value 
of the U.S. dollar with respect to the Bel- 
gian franc. Government sales of cobalt on 
a “sealed bid" basis ranged from $3.55 to 


$5.63 per pound for specification-grade 


material. The weighted average price for 
the year was $4.44 per pound of cobalt. All 
dealer prices were quoted as f.o.b. New York 
or Chicago and applied to granules (shot) 
or broken cathodes in 551-pound (250- 
kilogram) drums. From January 1973 to 
January 1977, the price of cobalt rose at an 
actual annual rate of 2190. In terms of 
constant 1975 dollars, the price increase 
averaged 1490 per year over the same pe- 
riod. These increases may be compared with 
average annual increases for a 20-year pe- 
riod (1957-77) of 4.8% and 1.1% for actual 
and adjusted prices, respectively. 


FOREIGN TRADE 


Exports of unwrought cobalt metal and 
alloys and of waste and scrap totaled 
3,165,511 pounds, gross weight, having a 
value of $7,712,418, and went to 22 coun- 
tries. Japan and West Germany received 
the greatest part, with 925,509 pounds 
(gross weight) valued at $1,817,425 and 
731,780 pounds (gross weight) valued at 
$2,249,841, respectively. Exports of wrought 
cobalt metal and alloys of 726,750 pounds 
(gross weight), having a value of $4,655,041, 
went to 23 countries. 

Total imports of cobalt (16,487,000 
pounds, contained weight) were up 150% 
from those of 1975. The top five sources of 
cobalt imports to the United States in 1976 


were Zaire (41%), Belgium-Luxembourg 
(15%), Zambia (10%), Norway (7%), and 
Botswana (6%). This was the first year since 
1972 that Canada was not among the top 
five and the first year since 1968 that 
Finland has not been included. Material 
originating in southern Africa (that im- 
ported from Zaire, Zambia, Belgium- 
Luxembourg, and Botswana) accounted for 
73% of total imports. Although imports 
from Botswana were relatively high, the 
reported figure was only an estimated co- 
balt content of the matte received for pro- 
cessing. A percentage of the material was 
lost in processing at the cobalt-nickel re- 
finery of AMAX Inc., in Braithwaite, La. 
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Table 8.—U.S. imports for consumption of cobalt, by class 
(Thousand pounds and thousand dollars) 


*Estimate. 

Includes unwrought metal and waste and scrap. 
Leas than 1/2 unit. 

3 Contained cobalt in copper-nickel and nickel matte. 


1974 1975 1976 

— ο 14,791 6,092 15,129 
. 14.791 6,092 15,129 
3 849,661 $25,611 

— Á— 1,509 288 188 
5 1.086 168 102 
sas as SSS $4,514 $779 $573 
ne gee oe 2 41 285 
55 (3) 8 10 
T— οσα $12 $73 $865 
3 19,286 25,931 89,426 
3 245 840 1,186 
---------- $26,388 $89,397 $70,298 
uuu erts ,588 82,297 54,928 
Soe ess 16,122 6,608 16,487 


WORLD REVIEW 


Both mining and refinery operations 
around the world continued to expand. Ex- 
cept for closure of the Lynn Lake mine of 
Sherritt Gordon Mines, Ltd., nearly all 
operations continued production at maxi- 
mum possible levels in response to a surg- 
ing world demand which rebounded from 
its record low in 1975. 

International.—At least three interna- 
tional consortia were active in ocean min- 
ing development during the year. However, 
there were no commitments to commercial 
ventures beyond exploration and/or tech- 
nology development. Even so, commercial 
production of metals from the nodules could 
begin as early as 1982 or 1983, with pro- 
duction of 5 million pounds of cobalt per 
year by 1985. Several bills were sponsored 
by members of the U.S. Congress to provide 
insurance protection to mining companies 
against loss of their investments if an inter- 
national authority should preempt their 
operations. The lending institutions appear- 
ed to require this kind of legal and financial 
protection before large sums of money 
would be made available to consortia for 
full-acale operations. However, no relevant 
legislation was passed in 1976. 

Large-scale tests of deep seabed ocean 
mining systems were scheduled to be made 
in 1977-79. These would cost the companies 
$20 to $75 million per operation. Later 


development of processing systems and in- 
frastructures may cost $300 to $600 million 
per operation. 

The fifth session of the third United 
Nations Conference on the Law of the Sea, 
which ended September 17, produced no 
concrete results. The principal question ap- 
peared to be the nature of developing coun- 
tries' participation in mining of sea floor 
areas beyond national jurisdiction. Another 
full conference was scheduled to convene 
May 23, 1977, in New York City, and an 
informal session was scheduled for Feb- 
ruary 28 to March 11, 1977. The topics that 
were to be considered included (1) estab- 
lishment of an international agency to 
supervise the mining operations on the 
seabed, (2) limiting the rate of mining to the 
increase in world demand for nickel, and (3) 
the possibility of developing nations receiv- 
ing technical aid to start their own mining 
ventures. 

Australia.—Repairs and rodesign of ore- 
processing units at the Greenvale nickel- 
cobalt metallurgical plant in Queensland, 
Australia, reportedly brought the operation 
close to design capacity by yearend. High- 
silica ore had caused excessive wear in a 
number of areas. This problem was over- 
come by selective mining of softer ores. In 
addition, the installation of mass flow cones 
to regulate ore feed in the hammer mills 
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alleviated difficulties with bridging and 
flooding of the 2,000-short-ton capacity bin. 
Design capacity of the plant is 1 875 short 
tons per year of cobalt. 

The project is a joint venture of Metals 
Exploration Queensland Pty Ltd., and Free- 
port Queensland Nickel, Inc. (American 
owned). The operation posted fiscal losses 
for the year which were blamed on inflation 
and increased οἱ] costs. Output of cobalt 
contained in mixed sulfides was 764,000 
pounds, or about 5796 of capacity. At last 
report, these companies were negotiating 
for replacement of fixed interest and princi- 
pal payments with a deferral plan, in order 
to ease the financial burden. 

The Greenvale ore body is a laterite 
deposit with nickel and cobalt occurring in 
a residual weathering mantle, averaging 
about 26 feet in thickness. The overburden 
averages 20 feet. In addition, proven re- 
serves are estimated at 50 million short 
tons, averaging 0.12% cobalt. Mine life is 
put at about 20 years. About 220 men are 
employed at the mine site, which is an 
opencut operation. Two trains make the run 
to the Yabulu treatment plant, 140 miles 
distant, each day. The plant is entirely self- 
sufficient in terms of electric power, using 
large amounts of heavy fuel oil from the 
Persian Gulf. The plant also uses about 5 
million gallons of water per day. Through- 
put of this ammonia leach plant is about 
3,025,000 wet short tons per year, with an 
annual cobalt production of about 1,100 
short tons. The nearest port is Townsville, 
about 15 miles to the south. 

A new discovery of manganese nodules on 
the sea floor southwest of Perth, Western 
Australia, was announced by the Bureau of 
Mineral Resources of Australia’s Depart- 
ment of National Resources. The nodules 
reportedly occur at depths of 14,000 to 
16,500 feet and have combined cobalt and 
nickel contents averaging 1.19%. The ex- 
tent of the field has not yet been determin- 
ed 


Botswana.—According to reports, in 
August, Botswana RST Ltd.s (Botrest) 
copper-nickel-cobalt smelter at  Selebi- 
Pikwe operated at 7% above the rated 
capacity of about 3,800 short tons of matte 
per month. This record production occurred 
after 2 years of plant production difficulties 
and was brought about by a new manage- 
ment team. The mining operation contin- 
ued to face problems; inflated costs partial- 
ly offset a rise in related metal prices, and 
Botrest was faced with outstanding claims 
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by Triomf Fertilizer, Ltd. and AMAX Refin- 
ing, Inc. because of the production delays, 
which allegedly resulted in nonfulfillment 
of contract. Bamangwato Concessions, Ltd., 
a subsidiary of Botrest and operator of 
Selebi-Pickwe, reported production of 72 
million pounds of cobalt-bearing matte in 
1976. 

The sulfur section at Selebi-Pickwe 
experienced the most difficulty, and com- 
plete rehabilitation of the plant had to be 
undertaken. In the meantime, until repairs 
could be made, Triomf reportedly was 
forced to produce sulfuric acid for the man- 
ufacture of phosphoric acid at a greater cost 
than the contractural one. Despite all these 
problems, the operation was expected to 
reach full production levels in 1977. The 
local smelter provided matte as feedstock to 
AMAX Inc.'s refinery in Braithwaite, La. 

Canada.—Sherritt Gordon Mines, Ltd., 
closed its Lynn Lake, Manitoba, mine in 
June after a serious shortfall in production 
targets. Problems were encountered in re- 
cruiting miners for the operation, which 
used  cut-and-fill underground mining 
method, and in persistently low tonnage 
and grade. The Lynn Lake mine was the 
last major Canadian source of feedstock for 
Sherritt's Fort Saskatchewan refinery. Oth- 
er sources used by Sherritt on a toll basis 
were Australia (Western Mining Corp. Ltd., 
and Freeport Queensland Nickel, Inc., in a 
joint venture with Metals Exploration 
Queensland, Pty Ltd.) and the Philippines 
(Marinduque Mining & Industrial Corp.). 
The refinery was shut for 2 weeks in May 
for annual maintenance work and for the 
purpose of diverting excess anhydrous am- 
monia to the agricultural market. 

The largest producer of byproduct cobalt 
in Canada was International Nickel of Can- 
ada Ltd., (INCO), which recovered a crude 
oxide at its nickel refineries in Port Col- 
borne, Ontario, and Thompson, Manitoba. 
Deliveries of cobalt in 1976 were reported as 
2,430,000 pounds, up 134% from those of 
1975. Cobalt oxides and salts were recovered 
at the company's nickel refinery in Clydach, 
Wales. Falconbridge Nickel Mines Ltd., re- 
ported deliveries of 2,079,000 pounds, up 
52% from those of 1975. 

Cuba.—Cuba reportedly planned to raise 
its output of nickel in sulfide, oxide, and 
sinter to an annual 102.5 million pounds by 
1980 from about 80 million pounds in 1975. 
If current nickel-to-cobalt production ratios 
are maintained, this would mean a pro- 
duction of about 4.5 million pounds of cobalt 
in 1980, versus the current estimate of 3.6 
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million pounds. Furthermore, if planned 
expansions are executed, 7.2 million pounds 
of cobalt would be produced in 1985 and 14.4 
million pounds in 1990. There was specula- 
tion that some of this material would be 
made available to Western markets. 

Indonesia.—P.T. Pacific Nikkel Indone- 
sia, Ltd., (PND, made steady progress dur- 
ing the year in the task of assembling 
financing for its Soroako project on the 
Island of Sulawesi. The deposit has the 
potential for production of 100 million 
pounds per year of nickel and 4 million 
pounds per year of cobalt in the form of 
mixed sulfides. PNI reportedly will use a 
$25 million Australian loan to buy Austral- 
ian goods and services for the second stage 
of development. The loan for the $800 
million project was arranged by the Aus- 
tralian-supported Export Finance and 
Insurance Corp. Included in the project 
plans are an open pit mine, a reduction and 
smelting plant, and hydroelectric and ther- 
mal power generation facilities. Much of the 
infrastructure will be developed by Austral- 
ian companies. 

India.—Construction of the first Indian 
nickel-cobalt smelter, to be located at Su- 
kinda in Orissa Province, reportedly will 
not begin until sometime during the sixth 
plan (April 1979-March 1984) The project 
was postponed from a 1976 target date 
because of a delay in commissioning a pilot 
plant for the processing of laterite ore in the 
Kansas area. The plant capacity was to be 
210 short tons per year of cobalt. 

Japan.—The Nikko Nickel Cobalt Smelt- 
ing Co., Ltd., a subsidiary of Nippon Min- 
ing Co., Ltd., began production of cobalt at 
its Nitachi plant during the year. Pro- 
duction reached about 51 short tons per 
month at yearend, and the capacity level of 
110 short tons per month was expected to be 
reached in 1977. The facility was built at a 
total cost of $14.3 million. Australian feed 
material (a mixed sulfide containing 15% 
cobalt and 39% nickel) was delivered to the 
plant. 

Sumitomo Metal Mining Co., Ltd. also 
began commercial production of metallic 
cobalt and nickel at its Besshi plant, Ehime 
Prefecture. Feedstock for the plant was 
imported from Marinduque Mining & In- 
dustrial Corp. in the Philippines. Annual 
capacity of the plant is 1,760 short tons of 
cobalt. The facility was completed in Sep- 
tember at a cost of $13.3 million and was 
producing cobalt at the rate of about 70 tons 
per month by yearend. 
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Both Nikko Nickel and Sumitomo em- 
ployed the solvent extraction process for 
separating cobalt and nickel from mixed 
sulfides. Nikko Nickel used sulfuric acid as 
a solvent, while Sumitomo used hydrochlo- 
ric acid. The two refineries are expected to 
supply 50% of Japan's refined cobalt re- 
quirements. | 

Philippines.—Marinduque Mining & In- 
dustrial Corp. continued to experience tech- 
nical difficulties at its Nonoc Island nickel- 
cobalt refinery, which reportedly has an 
annual production capacity of approximate- 
ly 3.8 million pounds of cobalt in mixed 
sulfides. In May, the refinery operated at 
about 66% of rated capacity, and there was 
no substantial improvement by yearend. 
The plant was shut down for 3 weeks in 
November for annual maintenance and 
installation of a new gas plant boiler. The 
main plant operating problems were (1) the 
reliability of services such as power, steam, 
and hydrogen and carbon dioxide gases, (2) 
training of supervisory personnel, (3) roast- 
er availability, (4) parts supply, (5) first- 
stage-leach-circuit cooling capacity, and (6) 
excessive ammonia consumption. 

Rhodesia, Southern.—Rio Tinto (Rhode- 
sia), Ltd., reportedly was to build a cobalt 
plant to treat residues from its Empress 
nickel mines near Gatooma in the Rhode- 
sian midlands. The plant was to be financed 
by an offer of new shares to existing share- 
holders and would cost approximately 
$530,000. According to an official of the 
company, the plant would start as soon as 
financing was secured and would be on- 
Stream by about January 1977. 

Zaire.—A supply shortage occurred early 
in the year after bridges along the Benguela 
Railway, linking the mineral-rich regions of 
Zaire and Zambia with the port of Lobito, 
Angola, were damaged by rival factions in 
the Angolan civil disturbance. Informal ra- 
tioning by suppliers followed. Even though 
the rail line was repaired in August, Angola 
reportedly delayed granting Zaire permis- 
sion to use it. However, Zaire found a 
favorable route via the port of East London, 
the Republic of South Africa. Deliveries of 
cobalt to the United States from July 
through December continued at a relatively 
high level, commensurate with demand. 

Although Zaire made some use of the port 
of Matadi on the Atlantic Ocean, the east- 
ern and southern routes carried the great- 
est portion of cobalt exports. In particular, 
Zaire made use of the Tazara Railway from 
Zambia to Dar es Salaam on the Indian 
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Ocean (the eastern route)  Reportedly, 
however, about one-third of Zairian copper 
and cobalt moved on the southern route 
through Rhodesia during the year. Two 
other less direct routes were also used. One 
was by rail to Lake Tanganyika, which was 
crossed by ferry; another rail line through 
Tanzania completed the route. The other, 
less-traveled route was by rail to the inte- 
rior Zairian town of Llebo, where the mate- 
rial was transferred to barges or trucks and 
Shipped to the port of Matadi on the Atlan- 
tic Ocean. Reportedly, Zaire made a formal 
request to Zambia to intercede on Zaire's 
behalf with the Tazara Railway Authority 
in Tanzania to obtain formal shipping 
rights. Meanwhile, guerrilla activity conti- 
nued in Angola; rebel forces claimed to have 
blown up sections of the Benguela Railway 
seven times in the last half of 1976. Prior to 
1976, this line was used to transport large 
quantities of copper and cobalt to the Atlan- 
tic. Several alternate routes to ports in 
Mozambique were blocked when Mozam- 
bique closed its border with Rhodesia. 

Compounding these transportation prob- 
lems was Zaire's financial crisis. This was 
brought about by Zaire's mounting overseas 
debt, which was estimated at about $1.4 
billion at yearend, with interest and princi- 
pal payments in arrears by about $19 mil- 
lion. Conditions reportedly were set by lend- 
ing institutions such that if Zaire paid off 
the amount in arrears in approximately the 
first 9 months of 1977, a loan of $250 million 
would be extended. However, tight Interna- 
tional Monetary Fund guidelines had to be 
inet. 

The proposed $880 million project of So- 
ciété Miniére de Tenke Fungurume (SMTF) 
remained stalled during the year because of 
inability to obtain financing. In part, lend- 
ing institutions were reluctant to extend 
credit because of the civil strife in neighbor- 
ing Angola and resultant transportation 
problems; three additional reasons were 
spiraling costs, the possibility of mining of 
cobalt- and copper-bearing manganese nod- 
ules from the seabed, and an expected 
depressed copper market. However, accord- 
ing to officials of Anglo-American Corp. of 
South Africa Ltd., one of several partners in 
the project, the proposal may be reworked 
to encompass a smaller scale operation. 
. According to an official of Charter Consoli- 
dated, Ltd., another partner, the project 
might be reactivated if the price of copper 
moved into the range of 90 cents to $1 per 
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pound. Prospects for reactivation appeared 
to be dim at yearend since drilling rigs and 
other equipment due for shipment to SMTF 
were sold. About 14 million pounds of cobalt 
per year was to have been produced. Tied in 
with suspension of this project are problems 
with the Shaba power line, which was to 
have supplied SMTF with its power needs. 
The 1,500-mile line fell 1 year behind sched- 
ule because of payment defaults to Swed- 
ish and Italian contractors and withdrawal 
of an American construction firm. 

The plan by Générale des Carriéres et des 
Mines (GECAMINES) to expand its oper- 
ations through a 5-year development plan 
slowed during the year because of finance 
problems. However, some progress was 
made. Tenders for an industrial complex at 
Luilu in the Shaba region were called for by 
GECAMINES. The complex reportedly will 
consist of a flash smelting unit and a 
pyrometallurgical plant using coke and car- 
bon as fuel and lime as a processor. The 
tender was for construction of the complex, 
a storage area, and preparation of the fuel 
and processing units. The construction is 
part of a plan to produce 40 million pounds 
of cobalt per year by 1980. 

Two additional problems surfaced during 
the year. The Belgian companies, which had 
largely returned marketing functions to the 
Government of Zaire, reportedly were call- 
ed back to help with technical and market- 
ing matters. An unrelated problem was a 
shortage of metallurgical coke supplied by 
Rhodesia. The shortage reportedly was 
brought on by political sabotage and chron- 
ic transportation problems. 

Zambia.—As with Zaire, lack of adequate 
transportation was a major problem during 
the year. At yearend, there were uncon- 
firmed reports that Zambia was reviewing 
its border closure with Rhodesia and that 
there might be a change of policy allowing 
shipments to cross the border. The Tazara 
Railway, which runs through Tanzania, 
accelerated cargo loads from seven to nine 
per week at midyear in an effort to speed up 
copper and cobalt exports. Reportedly, the 
backlog of copper at the terminal port of 
Dar es Salaam was cleared up at midyear. 
Zambia’s route to Lobito, Angola, was cut 
off by the Angolan civil war and had not 
been reopened by yearend. Although land- 
locked Zambia is independent of Rhodesia’s 
transport system, Zambia’s electricity origi- 
nates in and is controlled by Rhodesia. 
Electricity is produced at the Kariba South 
hydroelectric plant, which is jointly con- 
trolled by the two countries. 


412 MINERALS YEARBOOK, 1976 


Despite the relatively depressed copper ties on the Copperbelt. This would substan- 
market, Roan Consolidated Mines reported-  tially increase Zambia's cobalt production 
ly planned to expand its Chambishi facili- by 1978. 


Table 9.—Cobalt: World production, by country 


(Short tons) 
Mine ou metal t? otal? 
try tput, conten M 
1974 1975 19165 1974 1916 19165 
Australia 1.188 2,986 *3,840 c" πε "M 
Botswana 36 89 165 99 99 378 
Canada 1,724 1,498 1,518 859 640 879 
Cuba {ο ώς u= 1,800 1,800 1, a ES i 
Finland 91400 1,545 1,410 895 905 983 
France .......----------------- e B 2m T848 774 938 
„Wet E. x ΚΠ 392 815 *885 
Japan ..............- --..-.-- -. ae ΗΒ CN 11 53 568 
Morocco 1 798 2,162 950 uss ae ae 
New Caledonia? >_______ 2,118 2,264 1,984 iet ΠΝ MM 
Norway! ____________ NA NA NA 1,965 852 635 
Philippines r 938 117 514 ME ὤ s 
USSR? -zet 1,900 1,950 1,950 1,900 1,950 1,950 
United States M o S NS 83 182 
0 mem 19,436 *15,430 *12,125 19,862 15,083 11,779 
Zambia |... 2,622 2,626 52.480 72,165 2,895 *2,100 
Total 84,045 82,462 28,681 27,306 23,519 21,077 
: addict listed, Bulgaria, Cyprus Ea x East M G Poland, Spein, Sweden, and Uganda 
In ition to the countries i reece, an are 
known to produce nonferrous ores that contain a recoverable amount of cobalt, but “t available information isi uate to 
it formulation of reliable estimates of output levels. Other nations may also produce ores containing cobalt as a 


uct component. 
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tput not re Data presented for mine output are total cobalt content of all products, incl nickel 
United Kingdom for further processing. Data presented for metal output 

less the cobalt metal output reported for Norway. Thus the the metal output data include cobalt content 

metal total cobalt metal output in the United Kingdom 


*Data on domestic mine 5 FC 
metal output may be from domestic raw materials, rather than from imported Canadian nice copper. cobalt matie. 
to zero 


TECHNOLOGY 


The Bureau of Mines was actively engag- 
ed in research aimed at reducing U.S. im- 
port dependence. At the Rolla Metallurgy 
Research Center, experiments were con- 
ducted on recovering cobalt and nickel from 
Missouri lead ores. The objective of this 
project is the development of procedures for 
concentrating, extracting, and recovering 
cobalt and nickel as byproducts during the 
concentration and smelting of these ores. 
The Albany Metallurgy Research Center in 
Oregon worked on the recovery of cobalt, 
nickel, and copper from domestic laterites, 
which occur principally in southwestern 


Oregon and northern California. Singmas- 
ter and Breyer, metallurgical and chemical 
process engineers, New York, N. V., com- 
pleted the first phase of a government 
contract to study the technical and econom- 
ic feasibility of operating a 5,000-ton-per- 
day commercial-scale plant to extract the 
metals based on the process developed by 
the Bureau of Mines. 
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The Bureau's Twin Cities, Minn. Metal- 
lurgy Research Center conducted research 
on processing of ores of the Duluth gabbro 
complex, which extends in a great arc from 
Duluth to the northeastern point of the 
State and contains about 0.04% cobalt. An 
analysis of the composite bulk copper-nickel 
concentrate produced thus far revealed a 
range of 0.1% to 0.4% cobalt.“ 

At the Reno Metallurgy Research Center 
in Nevada, Bureau scientists developed a 
cobalt rare-earth magnet with an energy 
product of 9.5 megaoersteds. The magnet 
contained 3596 mischmetal plus other se- 
lected elements, which enabled replacement 
of up to 10 weight-percent cobalt. Based on 
this research, cheaper high-energy magnets 
may be made available. A patent on the 
new magnet was applied for. 

A British research firm reportedly pro- 
duced a cobalt-bearing powdered metal al- 
loy with cutting properties superior to those 
of high-speed steel. The alloy is made by 
induction-melting powders containing 4596 
cobalt, atomizing in an inert gas, and then 
cold-compacting and sintering to produce 
preforms with 15% to 20% porosity. The 
preforms are then forged in a hydraulic 
press to nearly 10096 of theoretical density. 
Hardness of the finished product reportedly 
is about Rockwell C 65. 

An improved cobalt-base conventional al- 
loy, Capivac IV (Co-25Cr-10Ni-7W-4Ta-0.5Ti- 
0.62Al), recommended for investment cast- 
ings, was developed by a major specialty 
alloy manufacturer. The alloy reportedly 
overcomes two major problems associated 
with other cobalt-base turbine alloys. These 
problems are poor low-temperature ductil- 
ity and reactivity with mold materials. The 
latter problem was overcome by eliminating 
zirconium, which causes surface oxidation 
of cast parts. Room temperature ductility of 
the new alloy is two to three times that of 
zirconium-bearing cobalt-base alloys.* 

A principal manufacturer of nuclear 
parts reportedly is using cobalt-base alloy 
bonnet and seat inserts in valves manu- 
factured for nuclear power stations. The 
alloy has the trade designation Haynes No. 
6PM, and reportedly has been found ef- 
fective against borated water for both 
pressurized and boiling water reactors. The 
seats are shrink-fitted in forged steel valve 
bodies by chilling the seat rings in liquid 
nitrogen and heating the valve bodies to 
about 200*C. The valves are designed to last 
40 years and are rated for water, oil, or gas 
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service.’ 

In the general field of superalloys, in- 
creasing attention reportedly was being 
paid to refining current fabrication pro- 
cesses rather than developing new alloys. 
Working with conventional materials, signi- 
ficantly improved properties are becoming 
ever harder to achieve. Moreover, increased 
strength at high temperatures means great- 
er difficulty in hot working the material. 
Test costs also inhibited development of 
new alloys, which may possess only margi- 
nally improved properties. An example of 
these new fabrication developments is the 
significant strides made by industry in di- 
rectionally solidified eutectics and single 
crystals for use in jet engine component 
parts. The purpose of this research is the 
attainment of higher operating tempera- 
tures in jet engines, considered important 
because engine efficiency is increased at 
higher temperatures, while pollution is 

decreased.* 


The techniques in which major advances 
were made include hot forging, precision 
metal working, hot isothermal pressing 
(HIP) to near net shapes, powder metallur- 
gy, particle metallurgy, and cold pressing. 
The latter two were used extensively in tool 
steel fabrication. By use of HIP techniques, 
the need for recycling large quantities of 
superalloy scrap generated by machining 
may be eliminated. One exception to this 
trend away from new alloy development is 
the amount of research being conducted in 
the area of silicon carbide composites, 
which may eventually result in higher op- 
erating temperatures in jet engines than 
can be reached with alloys currently in use.“ 

The Third International Symposium on 
Superalloys was held September 12 to 15. 
Advances in turbine technology and metal- 
lurgy of superalloys were reviewed at the 
conference. Energy system applications for 
superalloys were considered to have great 
potential. At an international workshop on 
rare earth metals at the University of 
Dayton, cobalt-rare earth magnet applica- 


*Schluter, R. B., and A. B. Landstrom. Continuous Pilot 
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tions were reviewed and regarded as having 
high potential, particularly in electric mo- 
tors and automobile accessory devices. 

Perhaps the most significant cobalt re- 
search in progress during the year was the 
development of techniques for mining and 
processing cobalt-bearing manganese nod- 
ules from the ocean floor. Many patents 
have been issued on all phases of the new 
technology. Nevertheless, there was a de- 
bate as to whether hydrometallurgical or 
pyrometallurgical techniques would be 
more effective and economical in processing 
the nodules. The principal factors to be 
weighed are energy requirements and re- 
agent costs. Pyrometallurgical processes are 
basically energy intensive. Moreover, the 
smelting of nodules requires the production 
of manganese, and because wet, impure 
30% Mn nodules are inferior as an ore to 
45% to 50% terrestrial material, the smelt- 
ing method is considered by many not to be 
economically feasible. In the case of hy- 
drometallurgy, three main processes were 
being studied. These were sulfuric acid, 
hydrochloric acid, and ammoniacal leach 
procedures. For the ammoniacal leach pro- 
cess, investment and reagent costs reported- 
ly are relatively low, while energy require- 
ments are high compared to the sulfuric 
acid route. However, in comparing the am- 
moniacal with the sulfuric acid process, 
high energy costs are more than offset by 
higher reagent costs of the sulfuric acid 
process. The HCl process would be more 
attractive with a higher manganese price. 
In addition, materials investment costs are 
high because of the need for materials with 
high corrosion resistance. 

In one patented process, developed by 
Deepsea Ventures, Inc., a mixture of finely 
divided manganese ore and at least a stoi- 
chiometric amount of a sulfide ore of cop- 
per, lead, nickel, or cobalt is contacted in an 
aqueous slurry with hydrogen chloride, hy- 
drogen bromide, or hydrogen iodide, and the 
slurry is reacted to dissolve manganese and 
base metals. Elemental sulfur is also form- 
ed, while leaving substantially all of the 
iron impurity in the solid residue. The leach 
liquor is treated to crystallize solid man- 
ganese halide, the crystalline material is 
removed, and the low-iron, low-manganese 
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leach liquor is processed for cobalt, nickel 
and copper and/or recycled. 

Several prototypes for mining nodules 
were being tested, and a decision on com- 
mercial mining equipment to be used was 
expected before July 1978. In one method, a 
sea floor dredge head is used to gather 
nodules. The nodules are then cleaned and 
crushed under water and hydraulically 
hoisted to the recovery ship. By another 
method, a series of buckets are mounted on 
an extremely long loop of cable. The 
buckets are then dragged along the ocean 
bottom and hauled to the ship in a contin- 
uous operation. Several patents were 
issued on the lifting technology alone. For 
example, researchers for INCO (U.S. Patent 
3,975, 054, dated Aug. 17, 1976, and US, 
Patent 3,973,575, dated Aug. 10, 1976) devel- 
oped an apparatus and method whereby a 
towed subsurface vehicle uses a motor- 
powered water jet to dislodge solids from 
the sea bottom. These are then collected in 
a hopper and trough, in which they are 
sorted and directed to a conduit for delivery 
to a surface ship. 

In the field of laterite and sulfide process- 
ing, Freeport Minerals Co. received a patent 
(U.S. Patent 3,981,968) on recovery of nickel 
and cobalt values from an ammo ore 
leach solution. In the process, the solution is 
contacted with an oxime extractant, and 
the nickel-enriched extractant phase is sep- 
arated and stripped with sulfuric acid, 
first to remove the nickel (at ambient- 
temperatures), and then to remove cobalt at 
170° to 300°F. 

In what could be a significant develop- 
ment if cobalt prices continue to rise, Sumi- 
tomo Metal Mining Co., Ltd. developed a 
process (U.S. Patent 8,954,448, dated May 4, 
1976) for recovering cobalt and other values 
from cobaltiferous copper converter slag or 
matte. The slag or matte is smelted to form 
a high-cobalt alloy, which is then heated 
with cupric sulfate and water, The result- 
ant sulfate mixture is calcined to decompose 
iron sulfate, and the calcine is water- 
leached to dissolve cobalt sulfate. 


10A garwal, J. sang τ Davies, D.S., 8 G. L., 
Kakaria, V. K., end Kat R Ocean Nod- 
C ç na 4. April 
1976, pp. 24-87. 
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Production of all coal coke in the United 
States in 1976 was 2% more than in 1975, 
principally to satisfy an 8.8% increase in 
production of pig iron and ferroalloys in 
blast furnaces. Also contributing to the 
increase were a 15.1% increase in ship- 
ments of foundry coke and a 36.9% increase 
in coke shipped for other industrial plants. 

Total coke production remained relative- 
ly constant throughout the year and aver- 
aged 4.86 million tons per month. The 
average daily output from all slot-type and 
beehive plants ranged from a low of 148,000 
tons in January to a high of 166,000 tons in 
June. Áverage daily total output in 1976 
was 160,000 tons. 

During the year, the production of coke 
exceeded demand. Producers' stocks of oven 
coke, excluding coke breeze, at 6.49 million 
tons were 1.49 million tons greater at year- 
end 1976 than yearend 1975. 

Blast furnaces continued to use the major 
portion of the Nation's coke production, 
receiving 92.596 of the 56.80 million tons of 
coke distributed by producers. The con- 
sumption of coke per ton of hot metal 
produced at blast furnaces averaged 1,188 
pounds, compared with 1,222 pounds in 
1915. 

The coke equivalent of fuels injected 
through blast furnace tuyeres amounted to 
102,4 pounds of coke equivalent (at 13,000 
Btu per pound) per ton of hot metal, com- 
pared to 98 pounds of coke equivalent in 
1975. 

Breeze production in slot ovens averaged 
102.4 pounds per ton of coal coked because 
of reportedly extended coking times and the 
slightly reduced use of low-volatile coals in 
the mixtures carbonized. Breeze is unsuit- 
able for almost all metallurgical applica- 
tions because of its small size and high- 
volatile and ash contents. The larger part of 
the breeze production was used by produc- 
ers for sintering iron-bearing dust and fine 


ores and for other industrial purposes. 
However, 42.596 of the output was sold for 
industrial uses other than as fuel for steam 
plants or in agglomerating plants. The ton- 
nage of breeze sold was 5.5% less than in 
1975 and brought an average of $32.56 per 
ton, up from $32.21 in 1916. 

The average cost of all bituminous coals 
and anthracite carbonized in slot ovens 
decreased $0.05 per short ton to $44.16 per 
short ton. This decrease was reflected in the 
average value of coal per ton of coke, which 
decreased $0.52 per short ton to $64.03 per 
ton. The largest price increases occurred in 
foundry coke sales. Foundry coke prices, 
which averaged $114.45 per ton f.o.b. plant, 
were $7.98 per ton higher than in 19765. 

The production of tars was 1.490 less, and 
that of crude light oil was 1.7% greater, 
than in 1975. Production of coke-oven gas 
increased 1.9% compared to that of 1975, 
and 1.396 more coal was carbonized. 

Foreign trade was somewhat greater, 
with coke exports, at 1.31 million tons, 
equal to 2.25% of domestic production. 
About 83% of the exported coke went to 
Canada, the Netherlands, West Germany, 
and Mexico. Coke imports were 27.9% less 
than in 1975, and exports were up 3.3%. 

The total value of all coals carbonized was 
$3,699.1 million, and the total value of all 
carbonization products was $5,940.7 million. 
The combined value of coke and breeze, the 
principal products, accounted for 84.596 of 
the total value of all products. 

Legislation and Government  Pro- 
grams.—The U.S. Department of Labor's 
Occupational Safety and Health Admini- 
stration (OSHA) published in the Federal 
Register of October 22, 1976, a final job 
standards on exposure to coke oven emis- 
sions, to become effective January 20, 1977. 
In addition to imposing specification and 
performance standards on coke oven oper- 
ations, many engineering controls and work 
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practices on oven batteries were required. 
The standard set 150 micrograms of ben- 
zene soluble fraction in the total particulate 
matter per cubic meter of air, averaged over 
an 8-hour period, as the maximum employ- 
ee exposure. All oven batteries producing 
foundry coke by late 1976 had most of the 
required engineering controls and all fol- 
lowed most of the required work practices. 
The coke-oven emissions standards will pro- 
bably not materially affect oven production, 
but the costs to the foundry coke producers 
of complying with the standards will 
undoubtedly contribute to the spiral of 
inflation. 

The American Iron and Steel Institute 
(AISI) and the Environmental Protection 
Agency (EPA) in late 1976 signed contracts 
totaling $960,000 to cosponsor a study by 
Battelle Memorial Institute. The study was 
to develop and demonstrate an improved 
coke oven door-sealing system. AISI and 
EPA also sponsored a project, completed at 
a cost of $1.85 million at Jones & Laughlin 
Steel Corp., designed to reduce emis- 
sions during the charging of coke ovens.? 
OSHA's first Inflation Impact Statement 
(IIS) stated that imposing coke oven emis- 
sion standards for particulate emissions 
would add $2.50 per ton to the price of steel 
and a negligible 0.0196 to the consumer 
price index. Meeting the limits would re- 
quire capital expenditures of $451 million 
by the steel industry and add $178 million 
. to its annual operating costs. The indus- 
try would be forced to hire 5,000 new 
employees. 

The Armco Steel Corp's Houston, Tex., 
coke plant met a court-imposed deadline 
(July 31, 1976) for the requirement of a 
larry car for charging the plants 62 ovens 
without emissions, and a collection shed 
and electrostatic precipitator for treating 
the particulate-laden gases emitted during 
coke discharge. A second phase of the mod- 
ernization will cost $4 million, for recov- 
ering byproducts from about 6 billion cubic 
feet per year of flared gases or cleaning the 
gas for use in the plant as fuel. The annual 
recovery of other products will include 4.5 
million gallons of coal tar, 1.4 million gal- 
lons of naphthalene-enriched light oil, and 
7.5 million pounds of ammonium sulfate.* 

Armco Steel Corp. received approval in 
July 1976 for the continued operation of its 
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New Miami, Ohio, coke ovens from Fed- 
eral and State environmental protection 
agencies. In return, the company pledged 
$17.6 million for pollution control mea- 
sures.’ 

In late September 1976, EPA filed a civil 
suit against Interlake, Inc., charging the 
steel producer with violating air pollution 
standards at its 100-oven coke plant in 
Chicago, Ill. A company spokesman claimed 
that EPA refused to approve a pollution 
control system using untried experimental 
technology at Interlake’s Toledo, Ohio 
plant.* 

Problems in reducing coke-oven emissions 
will cost United States Steel Corp. more 
than $600 million. In a consent decree 
issued in October 1976, the firm agreed to 
close 13 of its Clairton Works coke batteries 
by 1984, rehabilitate 7 others, and construct 
8 new superbatteries using the best avail- 
able emission control-technology.’ 

The Ohio Environmental Board of Review 
issued an order delaying the charging of 
Republic Steel Corp.'s new 51-oven battery 
until hearings could be held on December 
14. The new $35 million facility is one of six 
operated at the Cleveland, Ohio works, each 
with an 825-ton-per-day coke capacity. Re- 
public claimed that all necessary equipment 
had been installed and was ready for oper- 
ation, except for a $4.7 million pushing 
control system.* 

In compliance with a Federal order, 
United States Steel, shut down three coke- 
oven batteries at its Gary, Ind. plant, termi- 
nating a 3-year dispute with EPA. About 
200 workers were laid off at least temporari- 
ly. In a confirming statement regarding the 
shutdown, United States Steel stated that 
air quality would scarcely, if at all, be 
improved. The idle oven batteries had pro- 
vided 2,000 tons of coke.and 21.8 million 
cubic feet of coke oven gas per day. 


lFerguson, Lucian M. The New OSHA Coke Oven 
Standard. Foundry Facts. (ACCCD, January 1977, p. 10. 
2Journal of the Air Pollution Control Association. V. 26, 
No. 12, December 1976, pp. 1114-15. 
eering News. V. 54, No. 18, Mar. 22, 


ical Engneering V. 83, No. 18, Aug. 30, 1976. p. 55. 
5Wall Street Journal. V. 188, No. 8, July 19, 1976, p. 4. 
*Wall Street Journal. V. 82, No. 186, p . 4. 
Wall Street Journal. V. 188, No. 72, Oct. 12, 1976, p. 2. 
SChemical Week. V. 119, No. 16, Oct. 20, 1976, p. 18. 
Chemical Engineering. V. 83, No. 2, Jan. 19, 1976, p. 49. 
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1972 1978 1974 1975 1976 
United States: 
Production: 
Oven coke ...... thousand short tons 59,853 63,496 60,737 56,494 51,128 
Beehive coe do... 654 829 845 713 605 
Total on ος κακός» do... 60,507 64,325 161,581 57,207 ,999 
Exports do- 1.232 1,395 278 273 1.315 
Imports do— _ _ 185 71,078 3,540 1,819 1,311 
Producers’ stocks, Dec. 31 |... do— 2,941 1,184 935 5,001 6,491 
Consumption, apparent do— 60,046 65,765 64,092 687 834 
Value of coal-chemical materials used 
orsold _ κος thousands $294,905 $355,667 $652,135 $653,958 $919,834 
Value of coke and breeze used 
orsold .—..— mz do $2,080,074 $2,575,150 $4,609,209 $4,607,292 $5,020,857 
Total value of all products used 
or soll do $2,374,979 $2,930,817 $5,261,944 $5,261,250 $5,940,691 
World production 
ard cocke _ _ _ _ thousand short tons 881,815 408,254 1404, 996 1400, 470 404, 713 
Gashouse and low-temperature 
f SL ee do— - 21,671 19,516 720,032 718,816 18,223 
"Revised. 
1Data do not add to total shown because of independent rounding. 
COKE AND BREEZE 


DOMESTIC PRODUCTION 


An increase in the production of pig iron 
and ferroalloys in 1976 largely accounted 
for a 6.2% increase in the demand for blast 
furnace coke. Output of oven coke plus 
beehive coke averaged 4.86 million tons per 
month, with 5.09 million tons produced in 
March and 5.12 million tons in May. Daily 
production for the year averaged 160,000 
tons, up 1.9% from the average daily output 
of 1975. 

Forty-eight furnace plants produced 
92.4% of the slot-oven coke produced. These 
plants, owned by or financially affiliated 
with iron and steel companies, were operat- 
ed mainly to produce coke for iron blast 
furnaces. The remaining oven coke was 
produced by 13 merchant plants, who sold 
blast furnace, foundry, and other grades of 
coke on the open market. 

Coke was produced in 19 States in 1976. 
The relative amounts of coke produced in 
the various States have changed little in the 
past decade. Because coke is used principal- 
ly as a fuel and reducing agent in blast 
furnaces, the coke industry is concentrated 
in the major steel-producing areas of the 
Eastern and North Central States. The bulk 
of the 1976 output came from 14 States east 
of the Mississippi River. Three plants in 
California, Colorado, and Utah produced 
5.6% of the total production. Pennsylvania, 
the largest producer, accounted for 28% of 
the output, followed by Ohio and Indiana, 


these three States accounted for 56.4% of 
the national output. 

An average of 1,384 pounds of breeze-free 
coke was produced for each ton of coal 
carbonized in the United States in 1976. The 
1976 yield of coke, which averaged 68.92%, 
has remained nearly constant during the 
past decade. 

The term coke-breeze generally refers 
to a mixture of carbonized bony coal, slaty 
rock, and coke particles passing through 
a 1/2-inch-square screen. Approximately 
31.4% of the 1976 breeze production was 
used as fuel in agglomerating plants. The 
remainder was used in steam plants and in 
the production of elemental phosphorus 
from phosphate rock. The amount of breeze 
sold has increased significantly in recent 
years; about 42.5% of the 1976 production 
was sold. 

The breeze yield per ton of coal carboniz- 
ed is influenced by oven-operating practices, 
the types of coals used, and the extend, of 
pulverization of coal mixtures carbonized. 
The lowest yield, 2.99%, was attained in 
Pennsylvania, while Illinois had the highest 
yield at 9.74%. The national yield, at 5.12%, 
has not varied significantly during the past 
decade. 

Oven-coke plants averaged 102.4 pounds 
of breeze produced per ton of coal carboniz- 
ed. The yields at beehive coke plants was 
substantially higher than those of oven 
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plants, but beehive breeze production was 
negligible because only a few plants had 
recovery facilities. 

According to a Bureau of Mines Special 
Publication, ib an expanded program of coke- 
oven construction in the United States is 
necessary to avoid a coke shortage in 1985. 
The author estimated that the probable 
iron demand of 107 million tons would 
require 59 million to 62 million tons of coke. 
Without additional oven construction, the 
net capacity deficit would range between 5 
million and 10 million tons. The report 
states that currently operating ovens, repre- 
senting about one-fifth of the theoretical 
maximum slot-oven coke productive capaci- 
ty, are more than 30 years old, and an 
additional 1296 are more than 20 years old. 
The number of domestic coke ovens in late 
1976 was 13,324. 

Kaufman" states that the costs for re- 
placement facilities now under construction 
exceed $1 billion and that an additional $1 
billion for replacement conductive capacity 
will be needed during the next 10 years. 

Rev. William T. Hogan, S. J., Director, 
Industrial Economics Research Institute, 
Fordham University, when questioned on 
emerging shortages of steelmaking raw 
materials, stated that “there is an even 
more important area to monitor as steel 
demand accelerates: Shortages of metallur- 
gical coal and coke could appear. Coke is 
basic to steelmaking. Two factors at work 
are the need for more coal mining capacity, 
and the reductions in coke-making capacity 
brought on by EPA air pollution control 
regulations. Some coke-making operations 
have been slowed down because operating 
rates have been trimmed back to meet EPA 
requirements.“ !? 

According to a Fordham University steel 
industry specialist, the United States can 
make 63 to 66 million tons of coke annually. 
The specialist further stated that “if the 
U.S. steel industry is going to increase steel 
capacity, it will also have to incregse coke 
capacity. If the raw steel production is to 
reach 135 million tons in 1977, some im- 
ported coke may be needed.. 

In mid-May, Armco Steel Corp. filed 
a breach-of-contract suit against Allied 
Chemical Corp. seeking $217 million for 
alleged violations of coke and coke-oven gas 
agreements. Armco charged that Allied did 
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not comply with EPA and other regulations 
to repair and maintain No. 3 and No. 4 coke- 
oven batteries at Allied's Ashland, Ky. 
plant, and that the firm refused to heed 
Armco's demands to do so. The suit also 
charged that Allied's Ironton, Ohio, and 
Ashland, Ky., plants were permitted to fall 
into a state of gross disrepair, causing 
decreased production of coke and recovery 
of coke-oven gas.!* 

Armco's Steel Corp's new No. 1 battery of 
19-feet, Carl Firma Still ovens at Middle- 
town, Ohio, was charged October 27, 1976. A 
similar new No. 2 battery was scheduled for 
charging in late December 1976. Both coke 
batteries will be top charg 

In June 1976 Bethlehem Steel Corp. at its 
Bethlehem, Pa. plant charged the new 
19-foot, 80 McKee-Otto ovens known as 
battery “A”. The initial coking time of 22.9 
hours was extended to 32.0 hours in Novem- 
ber 1976.10 

Bethlehem Steel Corp. at its Lackawan- 
na, N.Y., plant in June started up No. 3 
coke-oven battery, bringing the number of 
coke-oven batteries to six out of seven. 

Koppers Co., in September 1976, was 
considering a $30 million to $40 million 
expansion plant that would increase its 
total cokemaking capacity about 35%. The 
plan involved the construction of 100 addi- 
tional coke ovens at Woodward, Ala., in- 
cluding 1 60-oven battery and 1 40-oven 
battery. The expansion would result in an 
90% increase in cokemaking capacity at 
Woodward, which currently has 250 ovens 
in 3 batteries. Koppers said the new ovens 
could be operated to produce either foundry 
coke or blast furnace coke as market condi- 
tions dictate, and that existing foundations 
and auxiliary facilities at Woodward would 
be utilized.'* 


l^Sheridan, E. T. Su ply and Demand for United States 
Coki Τη and Me rgical Coke. BuMines Spec. Pub., 


1976, 
Kaufman, C. Shortage of Coke Projected by 85 Unless 
. Amer. Metal Market, v. 84, 


Nation’s Oven Ca i 
No. 18, Jan. 19, 1977, p 
ο H. E. Eber Hogan: Steel 1976-80. Met. 
v. 110, No. 5, October 1976, pp. 33-35. 
Outlook. July 22, 1976, p. 2. 
οι Week. V. 118, Νο. 21. May 26, 1976, p. 21. 
15 Private Communication. 
16 private Communication. 
oo Metal Market. V. 82, No. 112, June 24, 1976, 
p. 
Ps Metal Market. V. 83, No. 188, Sept. 24, 1976, 
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McLouth Steel Corp., Detroit, Mich., 
announced on December 22, 1976, that it 
would purchase the Ironton, Ohio, coke 
plant of Allied Chemical Corp. The Ironton 
plant has three oven batteries, one pro- 
ducing foundry coke only, another produc- 
ing blast furnace coke only, the third, a 
24-oven battery provided with pipeline 
charging, alternately producing both grades 
of coke.!* 

Mercier Corp., Birmingham, Mich., in 
early September 1976, announced its intent 
to purchase the recently closed chemical 
plant and coke-oven plant of Diamond- 
Shamrock Corp., Painesville, Ohio. Mercier 
intended to produce foundry coke for the 
merchant market. Erie Coke & Chemical 
Co., a newly formed, wholly owned subsi- 
diary of Mercier, will own and operate the 
coke facility.” 

In early May, Republic Steel Corp., Cleve- 
land, Ohio, canceled an $85 million coke- 
oven order with the Salem Corp. of Pit- 
tsburgh, Pa. The coke ovens were originally 
ordered as part of a $350 million expansion 
of Republic's Gadsden, Ala., plant; work on 
the plant was postponed in January 1976. 

United States Steel in late 1976, closed 
the No. 18 coke-oven battery at its Clairton 
Coke Works as the first step in complying 
with a consent agreement aimed at re- 
ducing air pollution. The closing of the 
battery caused an immediate loss of 370,000 
tons per year of coke and 3.3 billion cubic 
feet per year of coke-oven gas. 

Construction of a new Τ9-ονθη coke bat- 
tery at the Steubenville, Ohio plant of 
Wheeling-Pittsburgh Steel Corp. was near- 
ing completion with scheduled production 
starting in the fourth quarter of 1976. The 
$69 million oven battery, capable of pro- 
ducing 1 million tons of coke annually, is 
being equipped with proven technology for 
air and water quality control. 

In February 1976, Jones & Laughlin Steel 
Corp. announced plans for a second 56-oven 
smokeless coke battery at Aliquippa, Pa., 
similiar in design to a new $70 million, 
56-oven battery that started limited oper- 
ation in January 1976. The two pipeline- 
charged batteries will bring coke production 
at the firm's Aliquippa works back up to 
5,700 tons per day.”* 


CONSUMPTION 
Apparent consumption of coke (domestic 


production plus imports, minus exports and 
changes in stocks) in the United States 
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totaled 56.8 million tons, an increase of 3.15 
million tons over that consumed in 1975. 
The increase was largely attributed to 
greater demand for blast furnace coke, cau- 
sed by a 7-million-ton increase in blast 
furnace pig iron and ferroalloys production. 

The amount of breeze-free coke consumed 
in producing 1 ton of hot metal by blast 
furnaces decreased from 1,222 pounds in 
1975 to 1,188 pounds in 1976. 

In 1956, 1,720 pounds of coke was con- 
sumed per ton of hot metal produced by 
blast furnaces. Consumption in 1976 was 
532 pounds less than 2 decades ago as a 
result of the use of increased quantities of 
iron concentrates, oxygen, and supplemen- 
tal fuels. 

Although a variety of operating practices 
affect blast furnace coke rates, the 34-pound 
decrease in the coke rate was accompanied 
by a 4.4-pound, coke-equivalent increase of 
supplemental fuels, excluding coal, injected 
through blast furnace tuyeres per ton of hot 
metal produced, based on AISI data. The 
supplemental fuels were principally fuel oil, 
coal tar and pitch, natural gas, and coke- 
oven gas. Although the units of measure 
differ and the quantity of each fuel used 
varies, the total calorific value of all supple- 
mental fuels consumed in blast furnaces in 
1976 was equivalent to 4.46 million of coke. 
Oxygen consumption in blast furnaces 
equaled 26,972 million cubic feet, 3.8% more 
than in 1975. The use of oxygen reduces the 
blast furnace coke requirement by making 
available higher temperatures during the 
reduction of iron ore to pig iron. 

Of the 56.8 million tons of oven and 
beehive coke sold for all purposes, including 
2.30 million tons exported, 52.55 million 
tons went to blast furnaces, 3.01 million 
tons went to foundries and 1.24 million tons 
went to other industrial purposes. Steel 
companies produced 49.15 million tons of 
blast furnace coke for use in their own blast 
furnaces. Merchant plants produced 2.80 
million tons of blast furnace coke that was 
sold to blast furnace plants. 

Merchant plants produced a total of 4.36 


i dim Metal Market. V. 82, No. 248, Dec. 23, 1976, 
pp. 1, 20. 
20 American Metal Market. V. 83, No. 174, Sept. 3, 1976, 
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million tons of coke, equal to 7.6% of the 
total oven-coke production. Principal mar- 
kets were blast furnaces not associated with 
integrated coke-producing facilities, in- 
dependent gray-iron foundries, nonferrous 
smelters, and chemical plants and affiliated 
foundries. All of the coke produced by 
beehive plants was sold for blast furnace 
use. Forty-four States received shipments of 
coke or breeze in 1976. Illinois, Indiana, 
Michigan, New York, Ohio, and Pennsylva- 
nia, which were the major iron- and steel- 
producing States, received 75.0% of the 
total coke and 71.5% of the total breeze 
distributed. 

The bulk of the coke distributed was blast 
furnace grade and was consumed within the 
producing State, as most blast furnaces 
were integrated with coke ovens. À few 
companies shipped coke to affiliated blast 
furnaces in other States. 

About 5% of the breeze-free coke distrib- 
uted was shipped to foundries. The chief 
consumers of foundry coke were the auto- 
motive, farm machinery, machine tool, 
heavy machinery, railroad, and electrical 
equipment industries. Most of these indust- 
ries were located in the eastern and mid- 
western States. The combined receipts of 
Alabama, Illinois, Indiana, Michigan, New 
York, Ohio, Pennsylvania, and Wisconsin 
accounted for 76.3% of the foundry coke 
shipments. Foundry coke was also shipped 
to 32 other States, and 166,000 tons were 
exported. 

Other industrial coke was used in 35 
States for miscellaneous applications. The 
principal consumers were  nonferrous 
smelters and plants manufacturing sugar, 
mineral wool, alkalis, calcium carbide, and 
elemental phosphorus. 

Indiana, Idaho, Missouri, Ohio, and Penn- 
sylvania, received 57.1% of the shipments of 
other industrial coke. 


STOCKS 


Yearend stocks of slot-oven coke were 
29.8% more than at yearend 1975, with the 
quantity of coke in stock increasing to 6.49 
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million tons during 1976. Oven-coke plants 
ended the year with stocks equal to 42.4 
days' production at the December 1976 rate. 
Normally, beehive plants do not stock coke. 

The bulk of the stock, 95.1%, was at 
furnace plants, which roughly had a 43.5 
day supply, compared with 28.5-day supply 
at merchant plants. There were no pro- 
ducers' stocks of beehive coke at yearend 
1976. 

Stocks of coke breeze at producers' plants 
increased 9.6% during 1976. Approximately 
82.1% of the breeze in stock was at furnace 
plants. 


VALUE AND PRICE 


The average value of receipts of all grades 
of oven coke was $94.35, up $6.71 per ton, 
1.196; beehive coke averaged $72.48, up 
$1.51 per ton, or 11.2%. 

For oven coke, an increase of 7.4% raised 
the average price of foundry coke sales to 
$114.45 per ton, and commercial sales to 
blast furnaces increased an average of 7% 
to $78.84 per ton. Oven coke used for other 
industrial purposes increased 3.1% in price 
to $79.46 per ton. 

The differential between the average 
price of blast furnace and foundry oven coke 
is attributed to the special specifications for 
foundry coke, which make it a more costly 
product, and to its superior properties re- 
sulting from long coking times at lower 
temperatures of coal mixtures containing 
up to 50 weight-percent low-volatile coal 
and anthracite, and occasionally petroleum 
coke, and milled coke dust. 

The average price of foundry coke in the 
United States remained fairly constant 
throughout much of 1976, with no signifi- 
cant trends. The difference in the average 
values of oven and beehive cokes is partially 
due to the additional transportation costs of 
coal delivered to oven-coke plants, and the 
substantial investment and maintenance 
costs of slot-type ovens. 

The price of domestic blast furnace coke 
remained in the range of $78.80 to $85.00 
per short ton. 
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FOREIGN TRADE 


Foreign trade in coke was slower than in 
1975. Exports, at 1,314,725 tons, were 41,819 
tons more than in 1975 and amounted to 
2.25% of total production. Of the total coke 
exported to more than 21 countries, approx- 
imately 70.5% went to Canada and the 
Netherlands at an average price of $47.69 
per ton. Exports from Buffalo, N.Y., Detroit, 
Mich. Norfolk, Va. Philadelphia, Pa., 
Cleveland, Ohio, Chicago, III., and Laredo, 
Tex., totaled 1,179,428 tons at an average 
price of $49.68 per ton. Total exports aver- 
aged $50.75, per ton, or $7.96 per ton less 
than in 1975. Canada received 754,433 tons 
or 57.4% of the total exports. Exports to 
Canada averaged $48.73 per ton. 
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1,818,981 tons imported in 1975 at $86.03 
per ton. Canada, Belgium-Luxembourg, 
France, and West Germany together ship- 
ped 1,250,192 tons at $86.23 per ton to the 
United States. West Germany alone ship- 
ped 891,105 tons averaging $93.61 per ton. 
Buffalo, N.Y., Detroit, Mich., New Orleans, 
La., and Chicago, Ill., were the major ports 
of entry for 1,207,256 tons having an aver- 
age price of $86.17 per ton. 

Despite more-than-adequate inventories, 
an upturn in world coke trade and price was 
foreseen because the Government may 
mandate further coke oven shutdowns in 
the United States. The prediction was that 
the U.S. buyers would augment coke sup- 
plies by foreign purchases, as a hedge 


Imports of coke totaled 1,311,472 tons and against this possibility. 
averaged $84.69 per ton, compared with 
COKING COALS 
QUANTITY AND VALUE OF COAL BLENDING 
CARBONIZED 


A total of 84.3 million tons of bituminous 
coal was carbonized at high temperatures 
for the production of coke in slot-type and 
beehive ovens. This quantity, equaling 
12.4% of the 1976 U.S. bituminous coal 
production, was the second largest coal 
market. In addition to bituminous coal, 
380,000 tons, or approximately 6.1%, of the 
U.S. anthracite production was used in the 
coal blends carbonized. Anthracite was used 
principally in the production of foundry 
coke to achieve greater size and density, 
which are desirable properties during the 
operation of foundry cupolas. 

The average delivered value of all coal 
and anthracite carbonized by oven-coke 
plants was $44.16 per ton. The average 
value of coal carbonized by beehive-coke 
plants cannot be published because of indi- 
vidual company confidentiality. Transport- 
ation costs account for the high value of the 
coal consumed by oven-coke plants in some 
States. 

The average value per ton of bituminous 
coal and anthracite carbonized at oven-coke 
plants was 5 cents per ton less than in 1975. 
The highest coal price recorded was in 
Maryland and New York, where the value 
of coal carbonized averaged $56.65 per 
ton, or 62 cents less per ton than in 1975. 

An overall average of 1.45 tons of coal, 
valued at $64.03, was required for each ton 
of oven coke produced. Beehive ovens re- 
quired an average of 1.57 tons of coal per 
tons of coke output. 


It is difficult to define a “good coking 
coal.” Gradually, the word “good” is being 
replaced by "satisfactory," which means 
that a coal or blend of coals produces a coke 
that permits a blast furnace practice fully 
competitive in quality, efficiency, and cost. 
It is only rarely that a single coal is avail- 
able for making a satisfactory coke; blen- 
ding of two or more coals having differ- 
ent properties is the rule at the majority of 
coke plants. While a two-coal blend of high- 
and low-volatile coals is most common, 
there are cases in which the use of a third 
coal or other blending material is advan- 
tageous. In certain locations and with simi- 
lar types of coals, coal tar pitch, petroleum 
coke, milled coke dust, and other carbona- 
ceous materials have been tried and in some 
cases have been used commercially with 
Success. 

The terms low-, medium-, and “high- 
volatile coking coals" do not designate shar- 
ply defined classes. These terms are used by 
slot-oven operators in a relative sense and 
the exact meanings intended by the indivi- 
dual operator may vary somewhat with the 
behavior of the coals with which he is best 
acquainted, or which are available for his 
plant. 

The term “low-volatile coal" is used in 
this publication to designate coals of 14% to 
22% volatile matter (dry basis), such as the 
Pocahontas and New River, W. Va., and 
Somerset County, Pa., type. For byproduct 
oven use, such coals are mixed with high- 
volatile coking coals in any proportion up to 
60% or more (but usually from 10% to 
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30%), to increase the size and strength of 
the coke. This practice increases the coke 
yield and decreases the byproduct yields. 
Most slot-oven operators prefer low-volatile 
coals having a volatile matter content of 
about 16% to 18% (dry basis), although a 
considerable quantity of coal that is not 
within this range is used. Low-volatile coals 
are not charged in an unmixed condition 
into slot-ovens because they expand when 
coked. 

The Bureau defines medium-volatile 
coking coals as those having 2296 to 3196 
volatile matter (dry basis). Such coals have 
certain coking characteristics that differen- 
tiate them from coals having distinctly 
higher or lower volatile-matter content. The 
medium-volatile coal, when coked without 
admixture, nearly always produce large 
blocky cokes having highly desirable gene- 
ral physical characteristics. Many medium- 
volatile coals, particularly those having less 
than 24% to 25% volatile matter, are 
practically nonshrinking, or even slighty 
expanding under many operating condi- 
tions, in which cases the coke would be 
difficult or impossible to push from the slot 
oven. 

The largest portion of the tonnage of all 
coals charged into slot ovens exceeds 31% 
volatile matter (dry basis), and is designated 
high-volatile coal by the Bureau. High- 
volatile coking coal is produced from many 
seams in many States. Because high-volatile 
coals, when carbonized alone, produce lower 
yields of weaker and smaller sized coke, 
many plants producing blast furnace coke 
add low- or medium-volatile coals to high- 
volatile coals to the extent of 10% to 30% of 
the weight of coal mixtures charged into the 
slot-type ovens. The use of anthracite im- 
parts increased size and density and the use 
of tar pitch in the coal mix increases the 
coke strength. 

Blending also permits the use of some 
high-sulfur-content coals in admixture with 
low-sulfur coals so that the coke has an 
acceptable sulfur content. 

The overall percentages of high-, me- 
dium-, and low-volatile coals in the mix- 
tures carbonized have varied little in the 
past decade, although there are wide va- 
riations in the proportions used by indivi- 
dual plants. Coke plants in West Virginia 
and the Western States used the largest 
percentage of high-volatile coals in their 
blends, while plants in Minnesota and 
Wisconsin used the largest percentages of 
low-volatile coals. Compared with furnace 
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plants, some merchant plants used approx- 
imately 50% of low-volatile coals with an- 
thracite in mixtures carbonized at lower 
temperatures during a longer coking time 
to produce foundry coke. 

The types of coals used in each plant are 
determined by the availability of the de- 
sired coal, the moisture content, the content 
and composition of ash-fusion temperature, 
volatile matter content, expansive proper- 
ties, delivered cost, storage characteristics, 
free-swelling index (FSI), and the physical 
and chemical properties of the coke product. 


SOURCES OF COAL 


Of the 26 States that produced bitumi- 
nous coal in 1976, 14 States shipped coal to 
coke plants, supplying 84,899 million tons of 
coals for coking. Of these shipments, 66.196 
were high-volatile coals and 13.0% and 
120.9% were medium- and low volatile 
coals, respectively. 

Of the coals received by oven-coke plants, 
76.8% were produced in West Virginia, 
eastern Kentucky, and Pennsylvania; 
69.30% were high-volatile coals. West Vir- 
ginia shipments comprised low-volatile 
coals from McDowell, Raleigh, and Wyo- 
ming Counties and medium-volatile coals 
from Fayette, Logan, Mingo, and Nicholas 
Counties. Pennsylvania supplied high- 
volatile coals from Allegheny, Greene, and 
Washington Counties and low-volatile coals 
from Cambria and Somerset Counties. 
Pennsylvania and West Virginia coals were 
widely distributed and used in many of the 
coke-producing States. Eastern Kentucky 
supplied 13.796 of the shipments to coke 
plants, all of which were high-volatile coals 
produced mainly in Floyd, Harlan, Letcher, 
and Pike Counties. 

Illinois produced high-volatile coking 
coals, principally in Franklin and Jefferson 
Counties; other States with substantial pro- 
duction were Alabama, Colorado, Utah, and 
Virginia. Most of the coal produced in these 
States was used within the State. Colorado, 
New Mexico, and Utah, however, supplied 
most of the coals that were carbonized in 
California. 

Inland Steel Co. identified a large deposit 
of high-volatile coal for possible future deep- 
mine development near Marshall, Clark 
County, Ill. Tentative estimates indicate 
more than 200 million tons of commercially 
recoverable coal. The discovery was made 
on lands under lease to an Inland subsi- 
diary, Northern Mining Inc. The tract ex- 
plored covers 80,000 acres. Additional 
testing and drilling will be required to 
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determine the quality and confirm the pre- 
liminary reserve estimates. Inland also had 
extensive coking coal reserves at Sesser and 
McKeansboro in southern III. 

Wheeling-Pittsburgh Steel Corp. had a 
2090 participation in the $50 million Scotts 
Branch mine project in Kentucky, managed 
by Pickands Mather & Co. By late 1976, coal 
production had started and the cleaning 
plant was nearly completed. The facility 
will have an annual capacity of 1.25 million 
tons of coking coal. 

In November 1976, Wheeling-Pittsburgh 
Steel Corp. announced plans for a $27 mil- 
lion expansion, to boost by 81% the annual 
production of high-volatile coking coal at its 
Omar mine near Charleston, W. Va. The 
expansion, when completed 3 years later, is 
expected to increase capacity from 500,000 
tons in 1976 to 908,000 tons annually; the 
productive life of the mining complex will 
have been increased by at least 21 years. 
The Omar mine will be a principal source of 
high-volatile coals needed for the firm’s 
coke batteries at Follansbee, W. Va., where 
a new $67 million coke battery was schedul- 
ed to go into production in early 1977.77 

Inland Creek Coal Co. reached the Poca- 
hontas No. 3 seam, located 1,350 feet below 
the surface of Buchanan County, W.Va., 
after a March 1976 cost sharing agreement 
with the Nation’s largest independent foun- 
dry coke producer, Alabama By-Product 
Corp., (ABC). The mine is expected to pro- 
duce 1 million tons per year. For its share in 
the $45 million project, ABC had the right 
and obligation to take one-third of the 
mine’s production with options for addi- 
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tional tonnage. Presently, ABC gets its low- 
volatile coal from West Virginia sources. 
The firm’s decision to continue going out- 
side Alabama to assure its future low- 
volatile coal requirements reflects on the 
quality of coal expected from deep mines 
being developed in Alabama. 


CAPTIVE COAL 


About 53.2% of the coal received by all 
slot-oven plants was produced by company- 
owned or affiliated mines. Ordinarily, this 
captive coal does not enter commercial 
channels. In 1976, 54.2% of the coal receiv- 
ed by furnace-coke plants was captive. Some 
merchant plants also owned coal mines, but 
only 38.8% of the coal received was captive 
production. 


STOCKS 


Stocks of bituminous coal at slot-oven 
plants ranged from 7.26 million tons to 
11.26 million tons, equal to 32 and 50 days’ 
consumption, respectively, at the yearly 
daily average of 228,860 tons. Bituminous 
coal stocks reached their highest yearly 
level during June when month-end quanti- 
ties totaled 11.26 million tons. The lowest 
level, 7.26 million tons, was reported at the 
end of August. 

Bituminous coal stocks at yearend 1976 
were 9.8 million tons, compared with 8.67 
million tons when the year began. The 9.8 
million tons in stock at all slot-oven plants 
at yearend was equal to a 44-day supply at 
the December 1976 rate of consumption. 

Stocks of anthracite at yearend totaled 
98,000 tons, which was equal to a 94-day 
supply at the 1976 average rate of consump- 
tion. 


COAL CHEMICALS 


The term “coal chemicals” refers to the 
refined materials recovered from the crude 
liquids obtained from the gases and vapors 
released during coal carbonization. Three 
materials—ammonia, tar, and light oil—are 
normally recovered at slot-oven plants us- 
ing condensation and absorption processes. 
The remaining noncondensible material, 
which is rich in hydrogen and methane, is 
called coke-oven gas. Except for ammonia, 
which is recovered as an aqueous solution, 
or an ammonium sulfate or phosphate and 
sold as produced, the materials are in most 
instances further processed to yield a num- 
ber of primary organic chemicals or chemi- 


cal mixtures, the most important of which 
are benzene, toluene, xylenes, solvent 
naphtha, crude chemical oil (better known 
as carbolic oil), and pitch. Although many 
slot-oven plants in the United States are 
equipped to process tar and crude light oil, 
the extent to which such equipment is 
utilized depends upon economic conditions 
and tonnage of coal carbonized because 


19 killings Mining Review. V. 65, No. 48, Nov. 27, 1976, 


p. 19. 
πο Metal Market. V. 82, Νο. 228, Nov. 23, 1976, 


p. 2. 
Work cited in footnote 26. 
Coal Week. April 1976, p. 3. 
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yields of various chemicals are low. 

Yields of chemicals vary with the kinds of 
coals carbonized, carbonizing temperatures, 
and operating techniques and equipment. 
About 315 pounds of coke-oven gas, Τ6 
pounds of tar, 18.7 pounds of crude light oil, 
and 5 pounds of ammonia were recovered 
for each short ton of coal carbonized. In 
standard units of measure, these quantities 
amount to 11,063 standard cubic feet of 
coke-oven gas, 7.6 gallons of tar, and 2.55 
gallons of crude light oil. Ammonia express- 
ed as ammonium sulfate equivalent was 
recovered at an average rate of 15.64 
pounds per ton of coal carbonized in those 
51 plants employing recovery processes. 

In terms of calorific value, the products 
recovered by oven-coke plants (excluding 
coke) in 1976 totaled 628.4 trillion Btu. This 
quantity was roughly equivalent to 31.3% of 
the heating value of the coal carbonized. In 
deriving the total calorific value of the 
products recovered, coke-oven gas was 
based on 550 Btu per standard cubic foot, 
crude coal tar, 160,000 Btu per gallon; and 
crude light oil, 125,000 Btu per gallon. Coal 
as charged to coke ovens was assigned a 
calorific value of 24 million Btu per ton. 


COKE-OVEN AMMONIA 


Coal carbonized at high temperatures 
releases nitrogen and hydrogen parts of 
which combine to produce ammonia. Am- 
monia must be removed from coke-oven gas 
to reduce the subsequent formation of corro- 
sive compounds with oxygen, hydrogen sul- 
fide, and hydrogen cyanide. Coke-plant op- 
erators normally recover ammonia as an 
aqueous solution, or as ammonium sulfate 
or phosphate. However, 10 plants did not 
recover ammonia as a salable product in 
1976. 

Production of ammonia increased 1% 
although the number of recovery plants 
decreased by one. The average value of 
ammonium sulfate decreased from $78.07 
per ton in 1975 to $48.72 in 1976, and the 
value of ammonia liquor increased from 
$92.75 per ton in 1975 to $93.67. The total 
value of all sales decreased 1190. Ammonia 
products sold in 1976 represented 3.296 of 
the total value of all coal-chemical sales. 

The new coke oven plant of Armco Steel 
Corp, Middletown, Ohio, used a system 
developed by Firma Carl Still of West Ger- 
many to recover hydrogen sulfide from 
coke-oven gas as a feedstock for sulfuric 
acid production. Another system, developed 
by United States Steel Corp., recovers am- 
monia vapor and converts it to an anhy- 
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drous product. In this system, vapors evolv- 
ed from the ammonia still contain H. S, 
NHs, CO; and HCN that, after removal of 
NH; by absorption in cold water, are finally 
burned in the combustion chamber of the 
sulfluric acid plant. Armco's Middletown 
plant will produce about 54 tons per day of 
66° Be acid. The heat generated during the 
conversion steps generates 600-pounds per 
square inch steam.” 


COKE-OVEN GAS 


The fixed gases resulting from the car- 
bonization of coal have a gross heating 
value ranging from 520 to 600 Btu per 
Standard cubic foot, and are principally 
used for heating coke ovens and steel- and 
allied-plant furnaces. Small volumes were 
sold for distribution through city mains and 
for minor industrial uses. Gas yields vary 
among plants but the average quantity 
produced for each ton of coal carbonized in 
all slot ovens was 11,063 cubic feet, com- 
pared with the average yield of 10,860 cubic 
feet for 1975. The total gas production 
increased 1.90% because 1.55% more coal 
was carbonized in 1976. 

About 39.54% of the coke-oven gas pro- 
duced was used for heating ovens. Most of 
the remainder of the production was used 
by coke producers to fuel boilers or transfer- 
red to steel or allied plants to heat open- 
hearth and other metallurgical furnaces. A 
small part of the gas produced was flared in 
situations where production exceeded de- 
mand. 

Although coke-oven gas was the principal 
fuel used to heat coke ovens in 1976, some 
ovens were heated by a mixture of coke- 
oven and blast furnace gas, or mixtures 
containing blast furnace and natural gas. A 
total of 401.6 billion cubic feet of coke-oven 
gas equivalent was so consumed, of which 
about 89.8% was coke-oven gas. 

‘Surplus coke-oven gas used and sold in 
1976 was valued at $402.120 million, a 
37.4% increase from the 1975 value. No 
value was reported by producers for the 
coke-oven gas used to heat their ovens, but 
by applying the average value of $0.747 per 
thousand cubic feet reported for surplus gas 
to the gas used for underfiring, the total 
value of all coke-oven gas used and sold in 
1976 would be $671.2 million. 


COAL TAR AND DERIVATIVES 


All oven-coke plants produced crude tar 
in quantities ranging between 3.79 and 9.17 


29Colaianni, L. J. Coke-oven Gas Yield Fuel, Chemical 
pa Produch Chem. Eng., v. 83, No. 7, Mar. 29, 1976, pp. 82, 
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gallons per ton of coal carbonized. Coke 
plants in California, Colorado, Utah, Ohio, 
and Pennsylvania had the larger yields of 
tar, ranging from 9.17 gallons to 7.98 gal- 
lons per ton of coal carbonized. 

The average tar yield was down 2.9%, and 
the production was 1.490 less than in 1975. 

Coke-plant operators consumed 55.900 of 
the crude tar produced. Of this quantity, 
45.8% was processed (refined or topped) and 
52.7% was burned as fuel without any 
processing. The remaining production, to- 
gether with withdrawals from stock, was 
sold to tar-distilling plants for refining into 
a variety of tar-derived products. 

Most of the crude tar that was processed 
in 1976 was subjected to topping, whereby 
distillate fractions, consisting mainly of 
low-boiling tar acids and bases, and napht- 
halene were obtained. The resulting residue 
(called soft pitch) was usually used for fuel. 
Furnace coke plants that were integrated 
with steel plants in particular benefitted 
from this situation because they sold the 
distillate and retained the soft pitch for use 
as fuel. However, the relative quantities of 
tar topped, burned, or sold, depend on the 
availability and current market prices of 
crude tar, tar distillates, and other substi- 
tute fuels. Most of the merchant plant tar 
production was sold because merchant 
plants had little demand for pitch, which 
normally represented 65 to 92 volume- 
percent of the crude tar feed to the topping 
stills. 

Most of the plants that processed crude 
tar recovered only crude chemical oil (also 
known as carbolic oil) and liquid still resid- 
ues ranging up to soft pitch. Some of the 
larger plants recovered a number of tar- 
based products, including cresote oil, cresy- 
lic acid, cresols, naphthalene phenols, xy- 
lols, pyridine, picoline, quinoline, and me- 
dium and hard pitch. Although statistics on 
many of these tar derivatives are not 
disclosed in this report because of company 
confidentiality, the data were transmitted 
to the U.S. Tariff Commission for pub- 
lishing with similiar data from tar distillers 
and petroleum refiners, in monthly and 
annual reports on synthetic organic chemi- 
cals. 


CRUDE LIGHT OIL AND DERIVATIVES 


Crude light oil is à mixture of aromatic 
hydrocarbons, thiphene, mercaptans, hy- 
drogen sulfide, and carbon disulfide that 
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are absorbed from the coke-oven gas after 
tar, ammonia, and in some instances, 
naphthalene have been removed. Crude tar 
contains an insignificant content of crude 
light oil that is seldom recovered at coke 
plants. Practically all crude light oil pro- 
duced at coke plants is recovered by absorp- 
tion, in which the gas is contacted with a 
high-boiling petroleum oil or a coal-tar- 
based distillate as the gas passes through 
absorption equipment. Crude light oil is 
stripped from the absorption oil by direct 
steam distillation. About 1.7 to 3.1 gallons 
(12.5 to 22.7 pounds) of crude light oil was 
recovered per ton of coal carbonized. Yields 
vary with the kinds of coal carbonized and 
with operating conditions. An average of 
2.55 gallons per ton of coal carbonized was 
recovered at 51 plants that extracted light 
oil in 1976. Yields per ton of coal were about 
the same as 1976 levels in both merchant 
and furnace plants. Ten plants left the light 
oil in the gas to increase its calorific value. 

Producers refined 45.4% of their crude 
light oil output. The increase of crude light 
oil sales in recent years is attributed to the 
inability of some plants to produce deriva- 
tives meeting the rigid specifications of 
dependable quality and competitively pric- 
ed aromatic petrochemicals. Such plants 
sell crude light oil to petroleum-refining 
companies for processing with petroleum- 
derived fractions into benzene, toluene, and 
a number of other chemical intermediates. 

As with other coal-chemical materials, 
yields of products derived from crude light 
oil vary, but about 79.1 volume-percent of 
the crude light oil processed was recovered 
in 1976 as salable products, comprising 
58.8% as benzene, 10.6% as toluene, 1.8% as 
xylene, and 7.9% as solvent naphtha and 
other light oil products. All of the benzene 
production was classed as specification 
grades. In past years, a large amount of 
motor-grade benzene was used to increase 
antiknock properties of gasoline, but cur- 
rent petroleum-refining practices have all 
but eliminated this use for benzene. 

The unit value of light oil derivatives sold 
in 1976 ranged from $0.794 per.gallon for all 
grades of benzene to $0.398 per gallon aver- 
age for all crude and refined solvent napht- 
ha. The average value of all light oil pro- 
ducts sold increased 1.3% to $0.706 per 
gallon, compared to $0.698 per gallon in 
1975. 
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WORLD REVIEW 


World production of metallurgical coke in 
1976 was estimated at 404.7 million short 
tons. This quantity is 1.196 more than the 
1975 output because of increased production 
in the U.S.S.R., the United States, Poland, 
Czechoslovakia, and Belgium. 

Europe, with 56.2% of the total, led in 
world production; European production was 
1.990 more than in 1975. Asia, with eight 
producing countries, ranked second in out- 
put with 24.9%. North America, with only 
three producing countries, ranked third 
with 16.4%. 

Australia.—Nippon Steel Corp. and other 
major Japanese steel mills contracted to 
import 6,779 million tons of soft coking from 
six Newcastle coal mines for fiscal 1976 
beginning April 1, 1976. The contract 
included an increase of 15 Australian cents 
in price plus an escalation clause permit- 
ting an increase of up to $1 (Australian) per 
metric ton. 

Utah International was given conditional 
approval by the Australian Government for 
a coking-coal project costing more than $200 
million, to be located at Norwich Park, 
Queensland. The projected capacity was set 
at 4.5 million tons per year. 

Australia's coal export levy was reduced 
in the Government's Federal budget in 
August 1976, and is to be completely phased 
out within 3 years. The decision assures 
that investments totaling $2.5 billion will be 
made in coal-mining ventures in the next 5 
years. The coal export levy was $7.50 per 
metric ton.?? 

Canada.—During 1975, approximately 8.2 
million tons of coking coal was carbonized 
in 1,066 slot-type coke ovens, which have 
the capacity to produce 5.8 million tons of 
coke from 9.44 million tons of coal. About 
90% of the coking coal used in Canada was 
imported from the United States. Three 
steel companies in Ontario operated coke- 
oven plants in Hamilton and Sault Ste. 
Marie. All had captive U.S. mines and long- 
term contracts. The Sydney Steel Corp. in 
Nova Scotia used a blend of Nova Scotia, 
western Canadian, and imported coals to 
produce coke for its steel mill. The integra- 
ted steelmakers accounted for over 9096 of 
the coke preduction in Canada.” 

Emkay Canada Natural Resources, Ltd., a 
subsidiary of Morris Knudsen Co.; sold a 
50% interest in its Elk River coking coal 
properties in British Columbia for about 
$3.5 million to Elco Mining Ltd. Projected 
production capacity is 4 million tons of 
coking coal per year. Production is expect- 


ed to begin in 1981 and continue for 28 
years.“ 

In early September 1976, Denison Mines 
Ltd., Toronto, agreed to purchase up to 5 
million tons of coking coal per year on a 
long-term basis, from Quinlette Coal Ltd. 

During 1975, most industrialized coun- 
tries experienced downturns in economic 
activity that affected the demand for both 
coking coal and thermal coal through re- 
duced demand for steel and reduced indust- 
rial need for electric power. This became 
evident in Canada toward the latter part of 
the year. Prices increased during the early 
part of the year, reflecting both the tight 
market conditions of 1974 and increased 
costs. By mid-1975, however, spot prices had 
fallen sharply as stocks of coal and coke 
were being built up, and by yearend the 
situation had not improved. Nevertheless, 
prices on long-term contracts and for top- 
quality coals remained firm. 

Foreign consumers continued to show 
interest in western Canadian coking coal 
deposits, with Japanese, West German, 
Dutch, and Italian interests taking equity 
partnerships in potential producing proper- 
ties in British Columbia. 

During the year, the Government of each 
of the three coal-producing Provinces in 
western Canada, British Columbia, Alberta, 
and Saskatchewan, continued studies rela- 
ting to the development of new coal policies. 
New legislation was expected to be intro- 
duced in 1976 in all three provinces. 

In 1975, exports of bituminous coal a- 
mounted to 12.9 milllion tons, an increase of 
8.596 from 11.9 million tons in 1974. Of total 
exports, about two-thirds originated from 
mines in British Columbia, with most of the 
balance from Alberta. Export shipments 
accounted for approximately 4696 of total 
coal production and nearly three-quarters 
of bituminous coal production. Japan 
received nearly 11.9 million tons, or 9296 of 
exports, compared with 11 million tons or 
93% in 1914. Since Canada's exports were 
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mainly coking coal under long-term con- 
tracts, Canada's position in international 
coal trade remained strong even though the 
international market softened noticeably 
during the latter part of 1975. In the early 
part of 1975, Canadian coal producers and 
their Japanese buyers negotiated new coal 
prices on the basis of international pricing 
and abandoned the former basis of “cost 
plus reasonable profit.” The average value 
of Canadian coking coal exported to Japan 
in 1975 was $50.00 per long ton, f.o.b. 
Vancouver. 

Germany, West.—A trial production run 
based on a throughput of 330,000 tons per 
year of lignite (125,000 tons per year of coke 
output) was scheduled in August 1976 for 
the German lignite producer, Rheinische 
Braunkohlennwerke near Cologne. The lig- 
nite degasification was to be done in a 
hearth-type furnace. The coke product will 
be used mainly by the German chemical 
industry as an additive in the processing of 
lime and phosphate. 

Japan. —By late 1976, Mitsui Coke Co., 
Tokyo, announced its intention to build a 
297-short-ton- per- day, semicommercial 
plant at Omuto, to be completed in October 
1979. The plant will employ a new process 
using asphalt as a solvent for coal dust. The 
mixture, at 400* to 450*C, yields a pitch that 
substitutes for hard coking coal. Called 
Solvolsis, the technique is designed to han- 
dle all kinds of Japanese coal dusts, particu- 
lary the type produced by the nearby Miike 
colliery. The plant will also produce about 
10,500 thousand cubic feet per day of bypro- 
duct gas. 

The Pittston Co. concluded the principal 
elements of a long-term contractual agree- 
ment with the six largest Japanese steel 
producers for purchase of Pittston's med- 
ium-volatile, high-fluidity coking coal. The 
contract will run 12 years, with basic nego- 
tiations at 3-year intervals. The quantity of 
coking coal involved is 10.3 million short 
tons in fiscal 1977, rising to 10.9 million tons 
in fiscal 1978 and beyond. Of these quanti- 
ties, 60% are covered by a basic starting 
price, $2.05 per short ton more than the 
current price (not disclosed), plus escalation 
at agreed-upon intervals. The remaining 
40% is subject to price negotiation an- 
nually.** 

Consolidation Coal Co., in October 1976, 
completed negotiations with six Japanese 
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steelmakers for price increases on its low- 
volatile coking coal. The agreement calls for 
the shipment of 1.5 million tons per year of 
low-volatile coking coal from Consolidation 
Coal's Pocahontas field in southern West 
Virginia to Japan until March 31, 1979. 
Consolidation Coal was to receive a $1-per- 
long-ton price increase, effective October 1, 
1976, and an additional estimated $2.20 per 
ton in mid-December 1976, to cover cost 
escalation. Another price increase of $2 per 
long ton on 1 million tons of this coal was to 
become effective April 1, 1977. The price for 
the remaining 500,000 tons was to be at 
market value of April 1977. The new agree- 
ment also provided for the sale of 850,000 
long tons of medium-volatile, Rowland-type 
coking coal to the Japanese customers until 
March 31, 1980. 

Eastern Gas and Fuel Associates, through 
its export subsidiary, Castner, Curran and 
Bullitt, Inc., in November announced a 
tentative agreement with its Japanese cus- 
tomers to supply low-volatile coking coal 
under new contractual agreements over a 


6-year period beginning April 1, 1977. East- 


ern will supply 750,000 tons per year, with 
negotiations to be held every 2 years to 
determine prices and quantities to be ship- 
ped. The tentative agreement provides for 
an increase in the price per long ton, 
reaching a level of $68.49 by April 1977, on 
about two-thirds of the coal shipped. The 
price for the remaining one-third of the coal 
will be determined on an annual basis as of 
each April 1. The agreement also includes 
the right to escalate to cover increased 
costs. 

In March 1976, Pittston Coal Export Co. 
agreed to lower its price on medium-volatile 
coal for Japanese steel mills by $1.70 per 
metric ton to $61.00 per ton f.o.b. for fiscal 
1976. The agreement was made on the 
condition that the Japanese mills would 
purchase a total of 5.2 million tons during 
the year and review with Pittston the price 
situation for the second half of fiscal 
1976.“ 
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Because of decreased steel demand, Japan 
was attempting to reduce imports of coking 
coal from Australia, Canada, the United 
States, and the Republic of South Africa. 
Japan's stocks of coking coal were increas- 
ing and were expected to exceed 9 million 
tons in 1976. Japan had total coking coal 
supply contracts for 64 million tons but on 
the basis of an estimated 1,102 million tons 
of steel, 55 million tons of coking coals 
would satisfy industrial requirements.“ 

In 1976, Nippon Steel Corp. developed an 
automatic system to quickly and accurately 
evaluate the coking properties of coal. The 
System stored the measurement of the re- 
flectance distribution of a coal, as determin- 
ed by cathode-ray tube, on a disc file.“ 

South Africa, Republic of.—In early 
March 1976, Nippon Steel Corp. and other 
Japanese steelmakers reached an agree- 
ment with South African coking coal ship- 
pers to retain the Witbank coking coal 
prices for fiscal 1976, beginning April 1. The 
agreement stemmed from negotiations in 
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which Japanese buyers initially called for a 
reduction in the past price of $34 per long 
ton f.o.b., because of a recent accord on a 
reduction of U.S. coal prices.“ 

The South African Iron and Steel Indust- 
rial Corp. (Iscor), in 1976, was developing a 
new mine for the production of high-grade- 
blend coking coal near Ellias in the north- 
western Transvaal. The mine was expected 
to start operating in early 1978, and in its 
first phase of development will produce 1.8 
million tons of washed coal annually.“ 

South African experiences with preheat- 
ed coal operations are described for a coke 
plant having 66, 13-feet-high coke ovens, 
two preheaters, and two larry cars. The 
objectives were to improve the abrasion 
resistance of the coke; to use more “blend” 
coal in the oven charge, thus conserving the 
limited reserves of coking coal; to increase 
oven throughput 15%; to improve working 
conditions on the top of the oven batteries; 
and to obtain a more consistent coal plasti- 
city zone during the coking process.“ 


TECHNOLOGY 


Coking coals.—A panel of speakers at the 
April 1976 meeting of the National Open 
Health and Basic Oxygen Steel Conference 
of AIME conceded that steelmakers have 
become more dependent upon coals with 
increased ash and sulfur content and 
decreased fluidity, resulting in less stable 
and otherwise inferior coke. Decreasing 
coke stability was reported to relate to 
about a 0.5% to 1.7% change in iron pro- 
duction per 1.0% change in coke stability. 
One speaker suggested that purchased coals 
be processed at captive cleaning plants to 
produce coals of more uniform composition, 
thereby eliminating the problem of han- 
dling many individual coals at the coke 
plant.“ 

Petrographic analysis has become the 
primary tool at Bethlehem Steel Corp. for 
evaluating purchased and captive coal, eval- 
uating undeveloped coals, resolving opera- 
tional problems associated with coal compo- 
sition, and providing compositional control 
for research projects.“ 

Application of the M-curve, developed by 
Karl Reinhardt in 1926, can result in sub- 


stantial reductions in time and labor, com- 
pared with other current methods. Ven- 
katesan’s analysis shows how the addition 
of coal dust and/or slurry to the clean coal, 
or the additional of unwashed coal to a 
clean coal, increases the yield of cok- 
ing steam coal to the required ash content. 
This is done through the use of the M-curve, 
which does not require the use of mechani- 
cal equipment.“ 

It has been shown that the total sulfur 
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lost when coking coal and limestone mix- 
tures decreased and the percentage of FeS, 
originating from the disassociation of py- 
rite, and conversion to CaS, increases as the 
amount of lime added increases. Although 
the total sulfur content of coke produced in 
the presence of CaO is higher than when 
the coal is coked without lime, the pyrite 
sulfur is converted to CaS, which is more 
amenable to chemical conversion to HS. A 
method is outlined for determining CaS in 
the coked mixture in the presence of FeS. 

Coal ash, sulfur, and coking properties 
have effects on the coke produced, which, in 
turn, affects blast furnace performance. 
Analyses of blast furnace data for a given 
plant established relationships between 
coke properties and furnace output. The 
relationships of new tons per day of hot 
metal production were shown by equa- 
tions.*! 

By mid-1976, Armco Steel Corp. at its 
Ashland, Ky., plant was able to replace as 
much as 18% of the Amanda furnace's coke 
requirements and 28% of the coke require- 
ments of the Bellefonte furnace with pul- 
verized coal.“ Pulverized coal injection into 
the Amanda furnace has enabled Armco to 
reduce ironmaking costs in this furnace by 
$2.85 per ton based on 100,000 tons of hot 
metal production per month. Using metall- 
urgical coal for injection, Armco was able to 
replace 1.1 pounds of coke per pound of coal 
injected. When injecting higher ash, 
nonmetallurgical coals, 0.78 pound of coke 
was replaced per pounds of such coal 
injected." 

Frank W. Luerssen, Vice-President of Re- 
search at Inland Steel Corp., stated that 
there has been adequate demonstration 
that preheating coal charged to coke ovens 
is one approach to enable the steel industry 
to use a higher proportion of more plentiful 
coals. Mr. Luerssen made it clear that 
pioneering work in the field of coal and coke 
involves great expense and much time in 
development activity.™ 

A new test procedure to determine the 
reactivity of coke was developed that 
overcomes the shortcomings of conventional 
testing methods. The rate of reaction 
between CO,S and carbon was found to be 
dependent on the rate of CO, flow through 
the coke bed. Using this method, the re- 
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activity of 13 samples of coke from many 
different coal ranks, chàrs, and briquettes 
was determined.“ 

Eastern Associated Coal Corp. at Everett, 
Mass., in work done for Bethlehem Steel 
Corp. and the American Iron and Steel 
Institute, performed Micum Drum tests to 
determine the physical strength on a ship- 
ment of Russian coke. The Everett, Mass., 
Research Center has the only full Micum 
Drum in the United States that can be used 
for the Micum tumbler test.“ 

Bethlehem Steel Corp. and Inland Steel 
Corp. requested detailed information from 
the Sumitomo Metal Industries, Ltd., on 
two Sumitomo processes for producing coke 
partly and wholly from noncoking coal. The 
Sumicoal system reportedly was designed to 
produce coke in a conventional coke oven 
from coking coal and briquettes made by 
blending noncoking coal, coking coal, 
asphalt, and pitch, whereas Sumitomo's 
formed-coke system produces coke solely 
from noncoking coal in a specially develo- 
ped coke oven.“ 

Coke ovens.—The Illinois State Geologi- 
cal Survey conducted more than 100 tests 
on coals and coal blends that were preheat- 
ed before they were charged into a 700- 
pound pilot coke oven. The preheater used 
was of simple design and proved to be 
satisfactory for the test program. The test 
results indicated that preheating caused a 
consistent decrease in time required for 
complete carbonization. Coke strength, as 
measured by the ASTM Tumbler Test, was 
not materially affected by preheating coal 
blends, which produced stabilities in the 
mid-1950's, when they were charged with- 
out preheating. However, preheating resul- 
ted in a material increase in stabilities of 
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the cokes from poorer coking coals. Other 
physical properties of the cokes were not 
greatly affected. The rapid evolution of gas 
when preheated coals were carbonized prov- 
ed to be a major problem that was not 
completely solved.“ 

A preheated coal-pipeline-charging sy- 
stem is described that overcomes one of the 
major pollution sources at coke plants. One 
advantage of the system is that the coal 
enters the ovens through a closed, station- 
ary network so that dust cannot escape. 
This is a major consideration because it has 
been estimated that as much as 70% of all 
coke-oven emissions occur during oven 
charging.“ 

The input fuel gas for heating any oven 
battery increases as coking rates increase 
within the normal range of coking oper- 
ation. Pushing higher temperature coke to 
minimize emissions increases the fuel gas 
requirement. The combination of fast 
coking rate and higher coke temperature 
results in a higher fuel-gas temperature, 
which also increases the fuel-gas require- 
ment. High coal moisture increases the fuel- 
gas requirement. Large amounts of excess 
combustion air, which is necessary under 
certain conditions, also increases the fuel- 
gas requirement. Waste-gas temperature 
can be controlled by regenerator design so 
that it does not increase the fuel-gas re- 
quirement. The properties of the coal mix 
determine the net exothermic heat of 
reaction within the coal charge and have a 
substantial effect on the fuel-gas input. 
Because of the many variations in operating 
conditions and properties of the coal mix it 
is impossible to make a meaningful guaran- 
tee of the full gas input to modern coke 
oven.“ 

Some experimental coke ovens of Berg- 
bau- Forschung GmbH at the Ruhrkohle AG 
central coking plant at Prosper, West Ger- 
many, were lined with magnesite bricks. 
However, according to a U.S. observer, the 
magnesite liners were a complete failure 
because of uncontrolled expansion and 
contraction.“ 

In October 1976, Bethlehem Steel Corp., 
Republic Steel Corp., and Inland Steel Co. 
announced that each has purchased a new 
enclosed one-spot, coke-pushing system 
from Koppers Co., Pittsburgh, Pa. Each 
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unit, costing about $3 million to $3.5 mil- 
lion, is designed to control emissions re- 
leased during the pushing of hot coke from 
coke ovens. Apparently, the interest of the 
three steel producers stemmed from results 
achieved with a similiar Kopper's product 
at the Weirton Steel Div. of National Steel 
Corp.“ 

The Colorado Air Pollution Variance 
Board in November 1976 approved plans 
furnished by the CFI Steel Corp. to change 
its method of controlling coke-oven emis- 
sions while ruling that the project must be 
completed by October 15, 1979. The new 
method, estimated to cost $6 million, will 


provide for collection of particulates emit- 


ted from 143 ovens by a hood installed over 
the coke ovens.“ 

The Granite City Steel enclosed one-spot, 
coke-pushing control system comprises four 
major units, as follows: Enclosed coke guide; 
enclosed coke receiver; evacuation and gas- 
cleaning car; and conventional coke quench 
tower with modified water piping. With this 
system, any smoke or fumes that emanate 
from the oven-pushing and transfer of the 
hot coke to the quench tower are collected 
and passed through a high-energy ven- 
turi scrubber prior to discharge to the 
atmosphere.“ 

The Chemico enclosed, coke-quench, car- 
emission-control system appears to have 
replaced the coke-side shed system that was 
developed in 1973. Reportedly, the Che- 
mico system, which does not need a hood- 
enclosure seal, is guaranteed to meet 
both Federal and State emission control 
standards.“ 

The British Steel Corporation has ordered 
2,000 new combined respirator and safety 
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helmets, each having a fan that directs 
clean, filtered air across the wearer's face 
under conditions of fumes or dust. The first 
helmets will be provided as part of a pack- 
age of improvements for protecting the 
health of coke-oven operators. The original 
prototype of the helmet was designed by the 
Safety in Mines Research Establishment. 
Racal-Amplivoc Communications, Ltd., 
Wembley, Middlesex, cooperated closely 
during the development of the helmet. 

A sealing device for use in charging 
coke ovens is described in British Patent 
1,391,881. The bottom face of the telescopic 
charging sleeve on each charging-car hop- 
per has a part-spherical surface that mates 
with a sealing ring to form a ball-and-socket 
joint. The ring is resiliently mounted on 
lugs on the sleeve and its position relative 
to the axis of the sleeve can be adjusted. The 
arrangement allows a smoke-tight con- 
nection to be made with displaced or tilted 
chargehole frames.“ 

Coke plant water pollution.—Research- 
ers at ERDA's Oak Ridge National Labora- 
tory developed a process that uses micro- 
Scopic organisms to destroy phenolics in 
aqueous wastes of coke plants and coal 
conversion facilities. The process uses a 
vertical, tapered column containing pulver- 
ized coal suspended in the waste water. By 
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substituting different kinds of microorga- 
nisms, the same process can be used to 
remove ammonia, nitrates and other orga- 
nic compounds.** 

Republic Steel Corp.’s research depart- 
ment conducted extensive laboratory, semi- 
pilot plant, and pilot plant studies in an 
effort to control coke-plant major process 
streams. Pollution problems, resulting from 
coke plants include crude ammonia liquor, 
barometric condenser water from ammo- 
nium sulfate crystallizers, and interception 
sump water from conventional light oil re- 
fining plants. Studies resulted in the deve- 
lopment of a modular system to treat waste 
water.** 

Coke plant wastewater sources, energy 
requirements for wastewater treatment, ef- 
fluent limitations for selected coke plant 
pollutants, and cross-media analysis are 
discussed. 
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Table 2.—Statistical summary of the coke industry in the United States 


in 1976 
Beehive 
Slot ovens ο Total 
Coke produced: 
At merchant planssF.. thousand short tons 4,963 (1) (1) 
At furnace plant? do_ _ _ _ 53,965 (1) (2) 
E ο πμ ο ³˙ 5mm AAA EA ἆο _ _ _ 57,728 605 58,338 
Breeze produedlʒßl. „„ do- i m 4 942 
Coal carbonized: 
Bituminous: 
Thousand short toot:ftItss”ssesꝰ”ô”ꝰô”s””s”ôssn 2L 2222 83,383 941 84,324 
Value (thousands) ))) „ $3,681,468 W 
Average per ton ___________________ $44.15 W W 
Anthracite: 
Thousand short tons 380 "uS 380 
Value (thousands „ $17,634 -- $17,634 
Average per ton $46.41 2E $46.41 
Total:“ 
Thousand short tons __ _ _ _ _ 2 222222 83,764 941 84,704 
Value 5 JJJJJJͤõösw Mm ri ON aS; $3,699,102 W 
Average per ton ...............- -.--------.-.--------------.-----. $44.16 W W 
Ave " 2 5 yield in percent ofi total coal carbonized: | 
ο, αμμώνιο 68.92 64.29 68.87 
Breeze (at plants actually recovering)... ------ -. -. -. -. -.-.. -. -. -.. -.. -- 5.12 Bu 5.12 


See footnotes at end of table. 
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Table 2.—Statistical summary of the coke industry in the United States 


in 1976 —Continued 
Beehive 
Slot ovens ο... Total 
Coke used by producing companies: 
In blast furnaces: 
Thousand short tons . .... ...... .....-...-.......-.-..... -........... 49,141 601 49,754 
Value (thousands $4,179,662 $43,996 $4,223,658 
In foundries: 
Thousand short toeoen ss 167 en 1 
Value (thousand) $18,417 pe $18,417 
For other industrial uses: 
Thousand short tons ____________________________ 326 πα 926 
Value (thousand) $21,506 an $27,506 
Breeze used by producing companies: 
In steam plants: 
Thousand short tons ____________________________ 197 Za 197 
Value (thousands) $4,532 NT $4,532 
In agglomerating plants: 
ousand short t ots 1,863 RZA 1,363 
Value (thousand) $40,880 n ,880 
For other industrial uses: 
Thousand short toons 2E 
Value (thousand) $27,655 ἘΠΕ $21,655 
Coke sold (commercial sales): 
Το blast furnaces: 
Thousand short toons 2,801 25 2,801 
Value (thousands) $220,823 ἘΠ $220,823 
Average per tons $78.84 .. $18.84 
To foundries: 
Thousand short tons 2,840 EM 2,840 
Value (thousands) ______________________________ 25,030 S ,080 
verage per ton $114.45 "ES, $114.45 
To other industrial plants: 
Thousand short tos 910 (9) 91 
Value (thousands) _ ) -..................-. -... -......-.......... $72,311 (4) $72,311 
Average per ton ___ _ _ $79.46 ($) $79.46 
For residential heating: 
Thousand short tors (5) PW (S) 
Value (thousands (5) TAN (5) 
Average per ton r eee (5) En (S) 
Breeze sold (commercial sales): 
Thousand short tons 1,846 =. 1, 
Value (thousands) .......- 2 2222222 2222222222222 $60,112 --- $60,112 
Average per tons $32. πε $32. 
Coal-chemical materials produced: 
Crude tar: 
Thousand gallo sss 636,382 Lu 636,382 
Gallons per ton of coal |... „ 7.60 NE .60 
Ammonia: 
Thousand short tornnr _ 539 £ s 539 
Pounds per ton of coal ___________________________ 15.64 PAM 15.64 
Crude light oil: 
Thousand gallons ____________________~__~___ 198,056 EN 198,056 
Gallons per ton of coal 2.53 Huet 2.58 
Million cubic fee 912,399 € 912,399 
Thousand cubic feet per ton of coll! 10. TM 10.89 
Percent burned in coking process 39.54 EE 89.54 
Percent surplus used or sold 59.01 --. δ9.01 
Percent wasted _________________________ 1.45 os 1.4 
Value of coal-chemical materials used or sold: 
Crude tar and derivatives: 
öõõĩõĩ·ĩ ²⁵²˙ B μα er Done thousands. .. 21383 18 -- 118 
JJöĩÄ5 ↄ ß ο..... ; E 189,337 
Ammonia products’  ....................... do_ _ _ _ $29,066 -- $29, 
Crude light oil and derivatives do- $107,193 ἘΠΕ 107,193 
p ß ο το mL Orco 02,120 ae 120 


W Withheld to avoid disclosing individual company confidential data. 
1Not separately recorded. 
Plants associated with iron blast furnaces. 
Data may not add to totals shown because of independent rounding. 


“Included with beehive coke sold “to blast furnace plants” to avoid disclosing individual company confidential data. 
“Included with “To other industrial plants” to avoid disclosing individual company confidential data. 


eIn terms of sulfate equivalent. 
"Includes ammonium sulfate, ammonia liquor, and diammonium phosphate. 
5Includes intermediate light οἱ]. 
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Table 3.—Summary of oven-coke operations in the United States in 1976, by State 


Coal Yield Coke 
Plants in carbonized of coke roduced 
State existence (thousand from coal thousand 
Dec. 31 short ( nt) short 
tons) perce tons) 
Alabama _ _ _ _ _ _ _ _ -.-.-.-.-.-. 7 6,588 10.77 4,662 
California, Colorado, Utah _~_______________~- 3 5,085 63.74 8,241 
F rcnt ciem us CS 4 2,771 61.57 1,706 
Indiapg — U ĩð K nue 6 12,267 67.33 8,259 
Kentucky, Missouri, Tennessee, Texas ............ ------- -. 5 1,918 69.84 1,936 
Maryland and New LorrkʒKK 4 8,952 70.83 6,341 
ιο ΙΓ. ος ο A a a 2 22 8 4,182 70.95 8,393 
Minnesota and Wisconsin . _ _ _ _ _ _ _ -___~_ 8 986 72.62 16 
ομως μμ ð⅛».- m ee x 11 12,192 69.14 8,490 
Pe Ci ασ ο“ 88 12 099 70.23 16,175 
West Virginie 8 5,195 66.7 8, 
Totalin1976 |... _ l2-2 61 83,164 68.92 51,128 
At merchant plant 13 5,874 74.28 4,363 
At furnace plant“ 48 77,890 68.51 53,365 
Total itt 1976 h.. cse Rari 62 82,412 68.50 56,494 


Table 4.—Summary of beehive-coke operations in the United States in 1976, by State 


rus Yield Coke 
Plants in i bf coe Produced 
State oe al (thousand from coal ο.” 
: short (percent) tons) 
tons) 
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Table 5.— Production of oven and beehive coke in the United States, by month 


(Thousand short tons) 
1975 1976 
Month Dail Dail 
1 y y 
Total average? Total average? 
Oven coke: 
January ....-.----------------------------- 4,924 159 4,551 147 
Febrggyy το ee . Ses 4,150 170 4,872 151 
ERO ος KV0]Ä 8 5,824 172 5,041 163 
ABF ec . e uu TEE 5,030 168 4,884 163 
| TREO οτε (w ολ EC INS 5,052 163 5,069 164 
JUNO cci ꝗ% Q κα 4,165 159 4,988 1656 
)!! K 8 4,532 146 5,007 162 
D ³˙ m ͤ d A ει es 4,421 143 4,185 154 
Septemerrrr:r!:!rrr 222-2 4,250 142 4,720 187 
Pa un ο ee NEC REIN 4,527 146 4,857 151 
November . 222 222222222222 222-- 4,865 146 4,752 188 
Decemerrrrnnrnrrn 4,549 147 4,151 158 
Total ο a ees 56,494 155 57,728 158 
Beehive coke: 
rc p weas eU 68 2 9 2 
ο ον cercate xu ο. 6T 2 54 2 
April ou xu ] 22: > su 22 62 2 55 2 
Nuria ο cei UM 56 2 55 2 
αλ Ll. cl ³ ↄ AAA CLE 52 2 55 2 
duy eed e n enu 59 2 51 2 
AUGUB eu oe πως mn. 60 2 48 2 
September... s s -.-.-.......-.-. -...-. -. -. 62 9 50 2 
Ep vA 8 60 2 42 1 
Novemdbderrrrr ~~~ ~~ ____ 51 2 42 1 
December . acu C E EI 40 1 55 2 
Totali. nuca πε ee 718 2 605 2 
Total: 
,, ß ees 4,994 161 4,601 148 
ΕΕΌΓΙΔΙΥ.....--.---------------------------------------- 4.818 112 4,421 102 
Mache su ZS ugs emu ue Su a Lii EE 5,891 174 5,096 164 
Apri] ᷣ . 5,092 170 4,989 165 
ßJ＋ðV !! ος. 5,108 165 5,124 165 
JUNG ro e ee LL e ET 4,817 161 4,998 166 
Jul ο ecc κος ß ⁊ ee LL iE 4,591 148 5,058 168 
Aü oo ole eee Lm a 2 4,487 145 4,833 156 
September... _ „ 4,812 144 4,770 159 
κ δις ο ο κκ öl 4,586 148 4,899 158 
November __________________________ 4,422 147 4,195 160 
Denne nude 4,589 148 4,805 155 
κιτ μισο ] AAA L apa 51,201 157 58,833 160 


1Data may not add to totals shown because of independent rounding. 
*Daily average calculated by dividing monthly production by number of days in month. 
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Table 6.—Production of oven coke in the United States, by type of plant 


(Thousand short tons) 
1975 1976 
Month Merchant Furnace Merchant Furnace 
plants plants plants plants 
Production: 
Final (ec RR 972 4578 364 4008 
Maren 429 4,895 399 4,642 
AD um n «ĩ ²ỹ˙ ß eee a oe 399 4,631 368 4,516 
MI c PP 406 4,646 871 4,698 
June (tL de rere 380 4,385 861 4,577 
July τς οσο : ee deu 877 4,154 855 4,653 
μοι μμ 88 388 4,039 861 4,424 
September __________________________ 384 3,566 857 4,963 
Ron ο S EAM y 409 4,118 854 4,508 
November ß κα ών. 892 3,973 348 4,404 
December 389 4,160 851 4,400 
rr 4,716 51,778 4,363 53,365 
Daily average 

ΠΤΙ. llc Docuit i elk 19 146 12 185 
Februar / ee 13 156 13 138 
))))! σωμα να 14 158 18 150 
ADI μπαμ μμ ο παν μα 8 19 154 12 151 
LA ar A AA ee Ne 13 150 12 154 
^io ie Mk ato ] - s S D s= 13 146 12 153 

ο νο QE pp EU 12 184 11 1 
υμών Las A 8 13 190 12 148 
Septemberr!rr 13 129 12 145 
ο E ος ere 19 133 11 145 
November 13 132 12 147 
Demdee ee sa 13 184 11 142 
Average for year 18 142 12 146 


Data may not add to totals shown because of independent rounding. 


Table 7.—Production of oven coke and number of plants in the United States 


by type of plant 
Number of Coke uced Percent 
Year active plants! (thousand short tons) of production 
Merchant Furnace Merchant Furnace Merchant Furnace 
plants plants plants plants plants plants 
(πο ον 14 249 5,626 54,228 ` 9.4 90.6 
bio ERR 14 349 5,271 58,225 8.3 91.7 
e t umn ea s 14 48 5,106 55,630 8.4 91.6 
11;ö§ðꝛ nee ee e sR SN 14 48 4,716 51,778 8.3 91.7 
%//%%%ꝙoꝓ%àͤ: ͤ eas SL L S 13 48 4,363 865 7.6 92.4 


includes plants operating any part of the year. 
Includes one tar-refining plant. 
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Table 8.—Production of coke in the United States, by State 


(Thousand short tons) 
State 1975 1976 
Oven coke: 
1 eee es e ee ee eer SZ A 4,690 4,662 
California, Colorado, Utah __ _ _ _ LL 2,996 3,241 
IP MER RA ³ PEE ENE Os ³WA rr PACED ONE RN PE oot 1,924 1,706 
h ³ĩo” d agg eS, feel hs Ng Ee 9,246 8,259 
Kentucky, Missouri, Tennessee, Texas ____________________________ 1,748 1,336 
Maryland and New LonrknſKnkKkKnkn „ 5,298 6,341 
ΝΟ απ «ο ο «˙ ! ͥͥ ⁰ſyꝗp yd ⁰⁵⁰ꝛ . UE 3,243 8,393 
Minnesota and Wisconsin .................................-.-.-.-.-.-.-..........-.-...-.-. 780 716 
T ει MEME ος ͤ ͤõõyſĩͥĩ§ð2d ꝗ ͥmqyeũ x as s = s 8,461 8, 
Pennsylvania __ _ _ _ _ _ c Aie ³ù sec yd 15,8395 16,175 
ed Vidina Lou o c e eos , e E 2,108 R 
zz p . a sun 156,494 57,728 
Beehive coke: 

Pennsylvania μμ ae pe E EE EA cc sey ³o»—mꝗ μα μμ RN 713 605 
fA MM "um (3) (3) 
Nei ð S D0 r ee a ee eee: (2) (3) 
Totalos ouo us e Lu ³ꝛw ðĩðKvd a K a Soe 713 605 
Grand total __.-------- o i κο μπω 51,201 58,883 


1Data do not add to total shown because of independent rounding. 
2[ncluded with Pennsylvania to avoid disclosing individual company confidential data. 
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Table 10.—Oven- and beehive-coke breeze used and sold in the United States, by use 


(Thousand short tons) 
Used by producers Aver- 
Y In In For other Sold 

üg steam agglomerat ing industrial value 
| plants plants use per ton 
1ͤ§; 265 1,805 704 12118 $10.59 
1973 n roodo ua e LE EE 234 1,689 917 12,165 10.39 
LL CC e et cnm 8 . 204 1,470 971 2,810 17.83 
ID uuum ag LE REL LC 251 1,202 715 1,953 32.21 
JJ!!! MERE 197 1,863 838 1,846 82.56 


Does not include beehive-coke breeze sold (to avoid disclosing individual company confidential data). 


Table 11.—Apparent consumption of coke in the United States 


(Thousand short tons) 
Consumption 
Net 8nd E T a 
Apparent In iron All other 
Year = aa Imports Exports maang consump- furnaces? purposes 
stocks tion’ Quan- Per- Quan- Per- 
tity cent tity cent 
1972 __ 60,507 185 1,232 -586 60,046 54,607 90.9 5,439 9.1 
1918.5. 2s 64, ,078 1,395 -1,757 65,765 60,720 92.3 5,045 7.7 
1974 61,581 9,540 1,278 -249 64,092 58,441 91.2 5,651 8.8 
1915 οὐ ος 51,201 1,819 1,273 + 4,066 53,687 48,817 90.9 4,870 9.1 
1916 58,333 1,811 1,815 4- 1,495 56,834 51,561 90.7 5,213 9.3 
„Production plus imports, minus exports, plus or minus net change in stocks. 
2American Iron and Steel Institute; figures include coke consumed in manufacturing ferroalloys. 
Table 12.—Coke and coking coal consumed p short ton of pig iron and ferroalloys 
produced in the United States 
Coking coal 
Mort um ol Yield per short ton 
Vaar pig iron and coke from of ps iron and 
ferroalloys' (percent) ( dé 
(pounds) calculated) 
ITA unsere n rae A Oe Ds 1,221.6 69.0 1,761.9 
1 ĩÜAAAAA a E E Ee E 1,200.0 68.4 1,754.4 
Ü ³Üsd T EE E NA 2 L u ut 1,218.7 68.4 1,782.8 
ιν. ο ñ 2 d a u 1,221.6 68.4 1,786.0 
JJ ͥ δες ĩͤ ως ue 1.187. 0 68.9 1,722.8 
rican Iron and Steel Institute; consumption of pig iron: only, excluding furnace making ferroalloys, was 1,216.2, 


1Ameri 
1972; 1,193.8, 1973; and not available in 1974, 1 3 and 1 16 
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Table 13.—Oven coke produced in the United States, used by producers, and sold in 1976, 
by State 
(Thousand short tons and thousand dollars) 
Used by producing companies Commercial sales 
State e In blast furnaces For other purposes To ger a 
Quantity Value Quantity Value Quantity Value 
Alabama 4,662 2,522 198,436 37 3,279 829 66,665 
California, Colorado, Utah _ _ _ _ 8,241 2,801 216,789 12 1,102 i e 
Illinois 1.706 1751 138,657 (3) (3) (5) (5) 
111 uoc E 8,259 7,701 621,675 9 757 82 5,898 
Kentucky, Missouri, 

Tennessee, Texas_________ 1,336 (3) (3) 59 6,001 (3) (5) 
Maryland and New Vork 6,341 5,093 558,078 81 8,876 (3) (9) 
Michigan. ______________ 3,393 (3) (8) (9 (4) (3) (5) 
Minnesota, West Virginia, 

Wisconsin 4,185 8,619 328,080 (4) (4) 3) 3) 
ORIG oss 8,430 7,324 587,192 5, 561 43, 
Pennsylvania 16,175 14,385 1,251,191 241 20,810 954 31,499 
Undistributed___________ _ En 350 5 ud ΕΗ 975 14,222 

Total 19765 51,128 49,147 4,179,662 493 45,923 2,801 220,823 
At merchant plants 4,368 49,147 4,179,662 149 15,716 1,215 95,249 
At furnace plants 53, 365 C EM 844 30,147 1,586 125,574 

Total 1975 56,494 46,233 — 3,885,045 411 43,311 2,682 197,572 

Commercial sales—Continued 
; To other industrial 5 
To foundries plants Total 
Quantity Value Quantity Value Quantity Value 

Alabama 823 92,811 (3) (3) (5) (5) 
California, Colorado, Utah __ __ (Š) (5) (5) (5) 95 1,918 
Illinois ES -- EN EM (5) (5) 
Indiana 3) 3) (3) (5) 590 61,703 
Kentucky, Missouri, 

Tennessee, Texas_________ (3) (3) (3) (9) 977 85,809 
Maryland and New Vork (3) (3) (3) (Š) 260 25,035 
Michigan ________.____-_~- (5) (5) (5) (5) 230 23,637 
Minnesota, West Virginia, 

Wisconsin _____________ (3) (5) 156 11,502 616 63,513 
Mr; A 2 287 3 54 3,806 901 80,079 
Pennsylvania 382 43,703 260 20,635 996 95,836 
Undistributed ___________ _ 1,849 155,282 440 86,369 1,826 174,572 

Total 19768 2,840 325,030 910 72,311 6,552 618,163 
At merchant plantss 2,445 280,088 522 44,320 4,182 419,657 
At furnace plante 396 44,941 388 21,991 2,370 198,507 
Total 1975 ________ 2,392 254,789 722 55,611 5,796 507,972 


1Comprises 167,000 tons valued at $18,417,000 used in foundries; 326,000 tons valued at $27,506,000 for other purposes. 
2Included with Indiana to avoid disclosing individual company confidential data. 

SIncluded with “Undistributed” to avoid disclosing individual company confidential data. 

“Included with Ohio to avoid disclosing individual company confidential data. 

5Data may not add to totals shown because of independent rounding. 

*Includes coke used "For residential heating." 
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Table 14.—Production and sales of beehive coke in the United States 
(Thousand short tons and thousand dollars) 


Commercial sales 
Produced To blast- To other 
State (quantity) — furnace plants industrial plants Total 
Quantity Value Quantity Value Quantity Value 
Pennsylvania, V 
and West Virginia: 

ος uelint τινα 606 601 49.996 (2) () 607 43,996 

11 A 713 708 45,959 (!) (1) 708 45,959 


Included with beehive coke sold to blast furnace plants” to avoid disclosing individual company confidential data. 


Table 15.— Distribution of oven and beehive coke and breeze in 19761 


(Thousand short tons) 
Coke 
Consuming State To blast- For To other Breeze 
s 8 residential industrial Total? 
plants heating plants? 

Alabama ____________________ 2,640 825 2 74 8,089 175 
Arizona _____________________ TN EE E 8 8 - 
Arkanaas μα __ "a m (9 
Californien 1. 108 87 em 48 1,193 . 65 
Colorado 763 7 is 20 16 
Connecticut = 7 oks v» 7 ($) 
Delaware Un τες. ΗΚ M M (9) 
Florida LI 2 EM 6 8 83 
Georgia er 8 Ms 5 13 1 

611111 lou e ʒ en" ($) εὖ 75 75 
Illinſ ss 8,8 174 7 8,537 819 
Indiana __ _ oe 9,409 143 (9 98 9,651 1,070 
lows ο ως 23 7 EM oes 7 PN 
Kentucky xx 660 40 me 32 732 72 
uisiana ............................. 1 a 5 6 (9 
99d ο κ ο οσα» iom 1 == 1 2 in 
Maryland ...........-.------ 2,572 5 D 2 2,579 222 
Massachusetts on 12 aie E 12 es 
Michigan __  _ _ _ _ , 757 a 28 5,124 221 
Minnesota ___________________ 15 ee 25 41 21 
Mississippi ....-. -.-..---------------------- a (4) κ. 1 2 1 
i eM 2 τα aes aS: ENG 15 ΕΕΣ 84 98 22 
Montann ae. "e ΗΝ ἘΜῊ 21 27 16 
J. 8 ur 8 E (9 4 m 
New Jersey -.....----------------- ----... ME 42 es 29 71 15 
New York ___________________ 2,945 188 a 31 8,114 265 
North Carolina μα 7 M 2 2 
North Dakota n 1 22 13 -— 
OO T Z: op vy S Shan Lea Ins 8,665 410 ΠΠ 76 9,151 500 
Oklahoma M 1 REM m SN 
Oregon 2. e uL des 6 zc 10 16 Ss 
Pennsylvania 11.424 220 (9 876 12,021 662 
Rhode Island _________________ κε. 8 MR ave i 
South Carolina oS 7 ον 28 84 5 
South Dakota _________________ I (*) eM ΚΕ (4) me 
Tennessee 67 73 BUE 41 181 86 
Texas ————— c 8 530 82 ba de 44 52 
Fr. ·˙¹nĩ 930 10 τος 15 956 67 
Virginia 77 ΚΕ 1 78 36 
Washington σε 2 MS 9 — 
West Virginia ______.__-------- 3,098 3 12 8,113 154 
, aa __ 127 ($) 1 129 24 
Wyoming 22-222 eK (9 Et 4 4 Bn 
Totasdʒ˖ 52,513 2,842 2 1219 56,568 4,184 
Exported __ _ _ 86 166 = 28 230 61 
Grand total? ______________ 52,549 3,007 2 1,242 56,798 4,245 


1Based on reporti from d producens showing destination and principle end-use of coke used and sold. Does not include 
imported coke which totaled 1,311,000 tons in 1976. 
cludes coke used “For residential heating.” 
3Data may not add to totals shown because of independent rounding. 
*Less than 500 short tons. 
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Table 16.—Producers' stocks of coke and breeze in the United States on 


December 31, 1976, by State 
(Thousand short tons) 
Coke 
State Blast Residential Breeze 
Foundry i Total! 
furnace and other 
Oven coke 
Alabbao naaa 719 32 1 752 
California, Colorado, Utah ___________ 610 a oo 610 87 
Illino gs 235 -- epa 70 
Ιπάίαπα .............-........ .. -................. 506 6 1 512 306 
Kentucky, Missouri, Tennessee, Texas 10 10 17 37 
land and New Vork 562 28 28 618 135 
chigen 158 4 2 165 87 
Minnesota and Wisconsin 152 29 2 184 84 
PLE ee 390 οὗ 70 2.524 277 
vani _ ; 
το αρα "REL. k 4 
Total 1976? __  Ὃ......... 6,168 177 141 6,487 1,184 
At merchant plante 76 116 122 814 203 
At furnace plant 6,092 61 20 6,178 931 
Total1975 __________________ — 4772 | 18 18 499 1085 
Beehive coke 
Pennyslvania: 
ατα AA . 4 -— Ene 4 T 
απών ων 5 er poe 5 22 
1Data may not add to totals shown because of independent rounding. 
Table 17.—Producers' month-end stocks of oven coke in the United States 
(Thousand short tons) 
ος At merchant plants At furnace plants Total! 
1975 1976 1915 1976 19156 1976 
January —---------------- 29 272 1,025 4,820 1,054 5,092 
Februar 43 257 1.219 4,181 1,262 4,994 
March Ü˙ bee 70 258 1,372 4,847 1,442 5,105 
οκ αν ο ο... 99 254 1,634 4,808 1,733 5,062 
aula rue c 8 131 256 2,131 4,136 2,261 4,992 
JUS ol olm Se na 148 225 2,141 4,504 2 4,129 
"|, Ma" 199 258 3,323 4,383 3,522 4,641 
August __________________ 213 244 3,654 4,202 3,867 4,445 
September __ _ _ _ .... ........ 203 239 8,618 4,511 8,821 4,750 
fiato 8 209 241 9,899 4,938 ,108 5,179 
November:! 231 261 4,291 5,539 4,522 5,800 
Decemmderrnrnrr 278 314 4,718 6,173 4, 6,487 


1Data may not add to totals shown because of independent rounding. 
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Table 18.—Average receipts per short ton of coke sold (commercial sales) 


in the United States, by use 
Το blast To To other For 
Year furnace foundries industrial residential Total 
plants plants heating 
Oven coke 
1972 __——-----------— 64 $51.16 $36.43 (1) $40.70 
1973 ___—----------—— 32.41 54.73 36.55 (1) 42.92 
Ίσα e 8 53.28 78.92 59.33 (1) 65.74 
1 s ouem 18.67 106.52 77.02 (1) 81.64 
11 7 ο DER ος και 18.84 114.45 19.46 (3) 94.85 
Beehive coke 
19722 22.01 mE W POS W 
]99__ oa 27.31 pa W Ἔα, W 
1974 LLL LLL - 44.02 ΗΝ ND ES 44.02 
öÄ˙ð ⁰mt NEUE 65.17 n" (2) εκ» 65.17 
77 ος e e. 72.48 . (2) e 72.48 


W Withheld to avoid disclosing individual company confidential data. 
Included with “To other industrial plants" to avoid disclosing individual company confidential data. 
Included with “To blast furnace plants" to avoid disclosing individual company confidential data. 
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Table 19.—Coke exported from the United States, by country and customs district 


1974 1975 1916 
Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
COUNTRY 
Algeria ____~_____________ NEM ΕΓ 58 $59 MEE ns 
Australia 101 $26 NE τις. 
ee 55 52,723 1.507 86,548 3,620 53,527 $1,843 
RED nee a sau RES 7,059 12,500 1.778 30, 605 
JJ 709,717 24,160 680,595 88,431 54, 36,768 
Dominican Republic __________ 10 2 
Cn. οκ. 64 17,437 737 26 
Germany, West 119,331 2,533 116,979 3,877 78,438 2,443 
PAR Dou ne Le LL  r 2,879 91 7 
DR παπα .. M M 1,894 900 1,653 278 
Italy μασ ο nos 6,405 184 235 6 6 
Japan le A ie 4,539 304 1,058 1,054 64,126 4,071 
Mexico 157,956 6,107 07, 288 9,780 9,287 
Netherlands 95,935 2,389 172,929 8,103 172,503 7,449 
Norway ........... -.... -.----..-...... 628 389 24 25 
Panama aaa 20 D Z= =: Lc 
Het πω ο. hl M ie 128 5 1,131 158 24,414 1,040 
αν ο 8 1,760 155 61 86 
South À Africa, Republic of _______ 156 EM em Ze 
πο EN μαι κ E 92,864 3,487 20,522 924 25,937 965 
Sweden 4,592 111 on ZZ: ΚΕ in 
Taiwan __ _ sc 11 110 49 5 1 
Tirkey κας p EE " E 1,801 859 TE S 
United Kingdom 732 110 616 62 120 17 
Venezuela 1.812 64 49,815 3,983 18,810 1,303 
vugosla via 3,466 132 ETE πο sZ s c 
f ß 1,318 90 1,045 191 1,401 406 
rf ns 1,277,681 43,564 1,272,906 74,732 1,314,725 66,726 
CUSTOMS DISTRICT 
Baltimortte 30,777 801 172 
Bl A ied 866,858 13,223 233,939 17,304 239,010 17 
Charleston, SC ____________~_ 551 1 89 88 
7. ĩ ͤ 88 71,902 2,033 51,323 1,823 96,379 2,518 
Cleveland ________________ 12,040 146 9,500 285 110,019 3,383 
M ne ͤ K E EC 04,224 9,770 392,711 18,159 321,117 11, 
Duluth ee -es 11,851 15,217 46,670 1,185 
EDP880.—— τά 2 22 = 25 6 80 1 
Great Falls 3,751 165 382 45 
Houston nnd 5,645 390 745 295 1,030 436 
7 hy ανν 154,657 5,982 105,853 9,619 86,111 9,099 
Los Angeles 997 1.218 934 09 
Tio» a ο κος σος Z 322 70 6 
Mobile -- 1,086 48 53,141 4,448 28,396 512 
New Orleans ______________ 17,119 1,075 26,054 2,985 19,571 1,148 
New York City 5,046 121 1,726 
ogól .—— — ee οί 551 16 11 
Norfolk u z. nni 114,803 3,057 170,802 7,017 101,629 3,875 
Ogdensburg __ _ _ _ _ 997 1 4.427 ; 
, _ ασ ρωσ. 24,988 12,860 1,365 20,440 1,695 
Philadelphia 68,382 3,452 146,590 7,992 225,163 10,405 
ego LLL LLL LLL LLL LLL 2111 77 
San Francisccrdooo τ = 3 1,170 1,665 
Seattle, ³˙¹imͤ ⁵ ie 8,249 432 3,113 356 2,244 
BR Su E Le PP 137 9 26 Bn -- 


ji, ^ Er 1,277,681 43,564 1,212,906 14,182 1,814,725 66,726 
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Table 20.—U.S. imports for consumption of coke, by country and customs district 


1974 1975 : 1976 
Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
COUNTRY 
Belgium. κακο» - t EN -— 21,341 
Belgium- Luxembourg $5 8,504 $3 112,136 5,172 
ο παω UNO ME 194,731 7,932 148,386 10,366 133,519 9,893 
ουν CORDE IMPOR, 127 P ed 113,432 9,315 
Germany, Wett 2,761,585 156,005 1,387,755 123,114 891,105 83,419 
CJ! : 572 42,890 ; us ΗΝ 
"(πι owe xus 4 (3) 9,071 722 11,023 557 
Netherlands 62,917 5,883 99, 706 10,110 17,151 1,448 
New Zealand ______________ 8,342 613 PE E ae RER 
Dorway Go IO S AEE ese he «αν. 55,516 3,860 EOS S m S 
South Africa, Republic off 34,222 937 59,319 2,374 11,765 466 
Sweden s s: ο. 3,108 884 ΚΝ - 
USSR —- umm ee 28,733 2,319 16,177 1,424 n .. 
United Kingdom 383,440 14,800 48,465 2,020 zai ot ο 
Total_______________ 3,540,326 198,165 1,818,981 156,488 1,811,472 111,066 
CUSTOMS DISTRICT 
Baltimore __ 139,434 85,203 348,267 29,128 m 
ο RS E NE 13,098 696 48,312 2,259 138,496 12,062 
Charleston, S.(CCC0 11,759 323 EOM 
JJ κ nee 851,555 22,299 126,434 13,011 515,766 44,697 
Cleveland ________________ 84,142 5,694 7,588 
Detrolt 329, 724 25, 800 382,183 30,917 395,434 38,079 
Duluth __________________ 11,570 921 83 M 
Great Falls 119,199 4,083 88,956 7,818 68,860 5,571 
Milwaukee : 808 HS on ME = 
Minneapolis 1 mL 
New Orleans ___ _ _ _ _ _ -.-... 288,248 17,481 305,998 24,262 157,560 9,188 
New bird Clty. ο κκ ee (4) 86,681 επι 5 EE 
Ogdensburg .- ---------.-.-. = = 
Pembina ___ 101 me ένα XN 
Philadelphia --- 1,570,657 78,834 414,620 39,836 ats a 
Portland, Maine Eg MN a 
Port Artur == τος ΗΠ E 21,341 796 
St. Alan 805 54 19 60 2 
Seattle -- NS 589 17 2,582 109 
Tampa ___  _ _ caen 613 9,071 722 11,023 557 
Wilmington, N.C __ _ _ ---- 2,497 253 = ee Su E 
z zontenac anaa 3,540,326 193,165 1,818,981 156,488 1,311,472 111,066 
1Less than 1/2 unit. 
Table 21.—Coke: World production, by type and country 
(Thousand short tons) 
Kind of coke and country! 1974 1915 19165 
METALLURGICAL COKE? 
North America 
S Du μμ RE MI ³oWWAß0 = ⁊ðͤ μμ 8 6,008 5,819 5,880 
Metco oot rc b iu yd ee το 961 2,282 2,395 
United States ___——---------------------------—-————— 61,581 57,207 58,833 
South America 
!; ⅛˙»¹¹.ꝛꝛæ ³ »» ee oe eee tr 1728 550 750 
JJ ĩ·JAꝓVfyſyyſyddy%ꝓdſ́ãĩddwñw 2, 056 2,494 59 540 
Hk ⁵ ο μυ μσοο-- 834 
%%% ↄꝙ ¶ ld k ee eh m S ss 1441 441 4140 
J%%/%ôöö⁰õöCöPßÿvUmdüwww0GG0ꝗ5ũß0ß0ꝓ5—ꝛ0d;5³ĩ;⁵[˙ . 88 140 140 40 
rope: 
7 ù³˙ ]˙¹Üſ » d LM aL CLE cd 1,911 1,771 1,779 
ο ο ace —— 8,874 6,314 
/ ⁵⅛²V·Ud sl ³ow d 8 1, 1,504 *1,540 
Czechoslovakia __________________ s S 2222222222222 10,258 10,179 11,884 
toC Rh T M ⁰⁰mm 8 12,874 12,114 11,910 
Germany, bab ou i ⁰y ¼ ⁰ a ντ 2,016 1,961 1 
Germany, Week 494 838,97 
Groote a ea a ee 410 464 870 
Hüngsry. ο κε E . 86 1847 850 853 
κα o neces ο nl m EA PS A AA 9,442 8,945 8,785 
Netherlands 2,959 2,954 3,101 


See footnotes at end of table. 
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Table 21.—Coke: World production, by type and country —Continued 


(Thousand short tons) 


Kind of coke and country! 


METALLURGICAL COKE? —Continued 


Europe —Continued 


Rhod 


See footnotes at end of table. 
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Table 21.—Coke: World production, by type and country —Continued 


(Thousand short tons) 
Kind of coke and country! 1974 1975 19765 
ALL OTHER TYPES?’ 
Europe: Germany, Eastlt „ 6,461 6,115 56,100 
Ama India? — — ⁰⁰⁰ytk το. 4,100 4,100 4,100 
Total all other types ____________________-___~_-_-__-e 10,567 10,215 10,200 
Grand total Ü ↄ TT ee 8 1425, 028 419,286 422,936 


1In addition to the countries listed, Algeria, Australia, Malaysia, the People’s Republic of China, Mexico, Norway, 
Romania, and the U.S.S.R. have produced gashouse coke in previous years and may have continued production during the 
time period covered by this table. However, no official statistics are available and information is inadequate to make 
reliable estimates of production levels. Except where otherwise noted, coke breeze has been excluded from this table. 

Coke produced at high temperatures in conventional carbonizing equipment (including slot and beehive coke ovens). 

Includes breeze. 

“Includes relatively small amounts of gas coke. 

5May include gas coke. 

*[ncludes relatively small amounts of low-temperature coke. 

7Data are total of so-called hard coke production from collieries and coke plants (including those at steelworks). 

*Includes coke produced at high temperatures in carbonizing equipment designed μας gas manufacture 
(horizontal and vertical coal-gas retorts). In addition to the countries listed, Canada and Finland produce gas coke. 
However, this figure is not reported separately and has been included with metallurgical coke. 

Less than 1/2 unit. 

léTncludes coke produced at low and medium temperatures, as well as that produced in unconventional equipment 
Chain grate cokers). In addition to the countries listed, the U.S.S.R. may produce coke from brown coal, but output is not 
officially reported and no basis is available for reliably estimating output levels. 
11Includes coke produced from lignite at high temperature. 
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Table 22.—Quantity, sulfur content, and value at ovens of coal carbonized in the 


United States in 1976, by State 
š Coal per ton 
Coal carbonized of coke 
Thou- Average 
sand sulfur Short 
State short ανα Value tons Value 
tons (percent) 
Total Average 
(thousands) per ton 
Oven coke: 
Alabama _____________________ 6,588 0.9 $263,865 $40.05 141 $56.47 
California, Colorado, Uta 5,085 7 206,178 40.55 1.57 63.66 
in... é 2,771 9 106, 625 38.48 1.62 62.34 
Indians 8 498,502 40.64 1.49 60.55 
Kentucky, Missouri, Tennessee, Texas 1,913 6 85,461 44.61 1.43 63.88 
Maryland and New Vork 8,952 9 507,202 56.65 1.41 79.88 
ichigan _ _ _ LLL LLL LL c2 4,182 7 ; 53.46 1.41 75.38 
Minnesota and Wisconsin 1.0 48,014 48.70 1.38 67.21 
"a SECA SPER lo ea Ale ee DE a a 12,192 8 498,613 40.90 1.45 59.31 
P lvania ......... -.-----.-.. - -. - -. -. -. 038 1.1 1,000,770 43.45 1.42 61.70 
West Virginia 5,195 1.1 228, 49.99 1.50 65.90 
Total 197666 83,764 9 3,699,102 44.16 1.45 64.03 
At merchant plants .......... .....-- -- -.-..-- -. 5,874 7 320, 54.48 1.35 73.55 
At furnace plants 77,890 9 3,879,072 43.38 1.46 63.34 
Total 1975... —— ——— s 82,472 9 8,645,697 44.21 1.46 64.55 
Beehive coke: Pennsylvania, Virginia, West 
Virginia: 
JJ ˙· w νο Ss 941 pm W W 1.57 W 
οκ PREMIER ECER AC DRE 1,128 ER W W 1.58 W 


W Withheld to avoid disclosing individual company confidential data. 
Data may not add to totals shown because of independent rounding. 


Table 23.—Bituminous coal carbonized in coke ovens in the United States, by month 


(Thousand short tons) 
1975 1976 
Month 

Slot Beehive Total! Slot Beehive Total! 
Januar 7,191 112 7,303 6,655 77 6,732 
Februr?‚d·d 22 6,923 108 7,032 6,528 77 6,605 
J ĩéW AAA ĩͤ 8 7,112 108 7,880 7,176 86 1,262 
JJJJ.öÄ0ö˙᷑¹k . αν. 7,321 100 7,4211 6,992 85 7,077 
; ⁰y ας 7,198 89 7,283 7,311 85 7,896 
June `- 6,919 81 7,000 7,069 85 7,154 
JU HT CET 6,547 91 6,639 7,188 79 1,267 
AUgUSL u i uuu l a Se 6,470 94 6,564 6,965 74 7,089 
September ____________________ 6,190 97 6,287 6.891 77 6,908 
DP. ee a e 6,565 94 6,659 6,977 65 7,042 
November ____________________ 6,396 89 6,485 6,835 66 6,901 
Decembor ____________________ 6,654 62 6,716 6,856 85 6,941 
Total? un unc 82,147 1,128 83,274 83,383 941 84,325 


Data may not add to totals shown because of independent rounding. 
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Table 24.—Anthracite carbonized at Table 25.—Average value per short ton of 


oven-coke plants in the United States, by coal carbonized at oven-coke plants in the 
month United States, by State 
(Thousand short tons) State 1975 1976 
Month 1975 1976 Alabama $40.27 440.05 
California, Colorado, Utah _______ 37.11 40.55 
rn eee ss 30 28 Illinois 39.80 88.48 
Februar 29 28 Indiana 41.25 40.64 
„ —Á—— 83 34 Kentucky, Missouri, 
ADI u u uu κας σι ες u ma 21 85 Texas____________ 42.87 44.67 
77777 b 25 31 land and New York ________ 57.27 56.65 
CUNO σε mg mmi e 22 32 ichigan ____ 222 LLL 55.43 53.46 
)J ĩͤ V 26 33 Minnesota and Wisconsin ... 48.87 48.10 
August -—----------------- 26 31 Ohio 42.12 40.90 
September rr; 5 2 Pe lvania ________________ a nmi 
JJC est Virginia_______________ : E 
November -z ος gs 27 83 τ 
JT 28 34 verage ________________ 44.21 44.16 
Value of coal per ton of coke ......... 64.55 64.03 
Total 326 390 


Data may not add to totals shown because of indepen- 
dent rounding. 


Table 26.—Average volatile content of bituminous coal carbonized by oven-coke 


plants in the United States 
(Thousand short tons) 
High Medium Low Total 
Vola- Vola- Vola- Vola- 
Year tile tile tile tile 
Quantity content Quantity content Quantity content Quantity content 
(per- (per- (per- z 
cent) cent) cent) cent) 
1912 ncaa 60,536 34.7 8,754 26.4 16,923 16.8 86,213 30.3 
1919... 88 64,486 84.6 10,090 26.6 17,162 16.2 92, 90.2 
1914 z e 61,344 84.8 10,763 25.6 16,308 17.9 88,410 80.6 
1915. .—— z 57,488 84.8 9,619 25.7 15,040 18.3 82,147 80.7 
19706 .——  ————.— 56,847 84.9 9,982 26.4 16,554 17.4 83 30.4 
Table 27.—Coal received by oven-coke plants in the United States in 1976, 
by consuming State and volatile content! 
(Thousand short tons) 
High volatile Medium volatile Low volatile dtii 
Consuming State Percent Percent Percent coal 
Quanti of ti of Quantit of i 
ty Quantity y receipts2 
JSC MUTO RES 1, 28.0 8,906 59.9 187 12.1 6,524 
California, Colorado, Uta 3,803 15.6 1,101 21.9 128 2.5 5,032 
P hapa p τας 2,145 78.8 194 7.1 14.1 2,122 
Indiana. 7,522 59.8 1,977 15.6 8,183 25.1 12,682 
Kentucky, Missouri, 
Tennessee, Texas 1,091 62.0 71 4.0 599 34.0 1,761 
Maryland and New Vork 5, 63.2 1,011 10.8 2,481 26.0 9,977 
ο ο 2,509 56.4 12.3 1,442 81.8 4,609 
Minnesota and Wisconsin 353 89.6 198 22.2 340 88.2 891 
ORIG unie n rm 9,674 15.6 571 4.5 2,566 20.0 12,812 
Pe lvania __ _ a 16,979 13.2 1,452 6.3 4,769 20.5 23,200 
West Virginia : 78.5 81 6 1,105 20.9 5,290 
Total 19767_________ 56,080 66.0 11,080 13.1 17,739 20.9 84,899 
At merchant plants 2,392 40.5 837 14.2 2,670 45.3 5,898 
At furnace plants 53, 67.9 10,248 18.0 15,070 19.1 79,000 
Total 197755 56,437 66.5 10,939 12.9 17,509 20.6 84,886 


" ο... matter on moisture-free basis: High volatile—over 31%; medium volatile; 2296 to 3196; and low volatile; 1496 
Data may not add to totals shown because of independent rounding. 
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Table 28.—Origin of coal received by oven-coke plants in the United States in 1976, by 


producing county and volatile content! 


(Thousand short tons) 
Volatile content 
Source of coal - : Total? 
High Medium Low 
Alabama: 
Bibi ect once ieu AAA e Ce et. 168 T 8 168 
JJ ˙³iOw ανα σα ο Ar 88 26 110 m 136 
Umani Ü˙ ⁰•¹. ⁰⁰0dͥ yd y DLE EP 491 40 M 531 
De Kalb. ποινών. 1 Met 53 53 
Etowah -- an ια e S e ee eens 31 8 SS 40 
N onec . ͤ K ͤ LEE 413 3,779 xe. 85 
l a αρ ος 183 m aos 183 
Ar : 
,, f v . or ο X ΚΝ 128 128 
TY 2 n Sus ον ολ f ο κ AE RUE EA Mies 61 61 
Colorado: 
6 ‚‚///ͥͤ o uu hh ere m lee ο 884 2 men 884 
1H ⁵ «i e ð πα c ος 619 E M 619 
Pitkin — Z SLES ss m a um ee ἘΠῚ 958 SX 953 
Illinois: 
μα μισώ ας πμ ανν. 1915 e c 1,875 
Jefferson SS S s  BÑŠ||Fsa/r/ KAyF0IOP 0́=A . 3) l1|ia 5 ME 2,052 ne PM 2,052 
Saline rx c μμ μασ m ge ee, 128 ΕΞ επ 128 
Kentucky 
/öÜ ⁵³ da Eee AR EU 8 68 E = 
Floyd. 1-2 πόδας ua ue y y Le 1,421 aon uem 1,427 
GFéeenüD ue ⁵ð⅛²wͥ.· ð mwm-᷑!r ee ώσ σα 123 SMS A 123 
πεν... ο oan ³⁰¹eGdn wr- . ⁊ᷣ v P eT 2,563 EN RS 2,568 
KHOE, alix e e EA s 220 en ΚΗ 220 
Ü κα ανω La Se aS eA Sas 11 EN eyes 11 
// ας Z ð y m ⁰k-=kkk 8 2,546 -- i-es 2,546 
πι μμ πε κο v a M M 65 -- ec 65 
PES o e e I sassa sss 4,426 ο TS 4,426 
Whitley: S a c u Lh Sum y MEE 29 ee HE 230 
Maryland: Garrett 8 SN 11 Lu 11 
New Mexico: Colfax ______________________________ 826 EM ze 826 
Oklahoma: 
C Se ee ee aE iba 198 == 198 
Le Flore __ / ˙ h eee eects aim ot 78 78 
P'ittebürg ß a eie u = 15 ΞΕ Sa 15 
Š Popes ο ανω NE Ei Spee E LLL E 149 M ἜΘ 149 
ennsylvania: 
An | GRENIER igh tnt ü ms RERO ua Canas ma ἘΠ τισ. 877 877 
Bituminous: 
A oce te eee 1,412 MER as 1,412 
Armstrong —-------------------—-—-—-—-———-— 686 e — 686 
C | DS alie ³%⁰ yy y eM e =s 235 ERR ΕΝ 235 
Cambrils zs e Mee a dol 1,662 2,422 4,085 
%%0hũũ I Lt AL οι ο UAE. sues "M 38 τος 838 
Clearfield sco i ia es ies 98 858 456 
Jii... Mex" 235 SZ κ. 235 
επι οι MENFE sree y a 8 5,625 M c 5,625 
Indiana m ⁵³ð d ⁰ͥ⁰d ⁵ ee LE IL. 3 ΚΕ τει 3 
C ο Due E ntu eA e Seals 3 TN af 3 
7 ⁵ĩÄV˙ud. ͤgq g;. M e a Ee Lx ΠΕΝ ΚΠΕ 37 37 
σεν uon f. e ra ee πα rs Ca ee ep m Dd. 79 oum v" 19 
οι sc Lc ο κ pen LAM n 1,401 1,401 
i REC RUE Au E E ο σος ως ON a s eA s 10,137 TN Hen 10,137 
Westmoreland _____________________________ 1,242 91 ERN 998 
Tennessee: Morgan _______________________ - -.-.-.... -. o 33 = 33 
Utah: Carbon oot a as Zi Z Su 8 1,573 a S 1,518 
Virginia: 
uchanan ___ _ _ _ ο μα κο κατα 424 681 2,114 3,879 
lll ²³Ü¹¹¹¹mſ0 ͥͤ⁰⁰¼ 0. ee 422 κο EN 422 
CU ³o AAA CC RM E 2 2 2 
Tazewell n ͤ ⁵⁰o“Üww mt 88 κ. 15 = 75 
Woe oe ff hg 0m... ð—- ln Sina ee ca iL 820 Le AH 820 
West Virginia 
ο Τεν μπαμ Se αι s e iL AUN 21 zs ENS 21 
Boone ß sui At EE re 2,256 RN RT 2,256 
Fayet ο o onn lu enu om. 8 1,789 8 451 2,242 
)) ομώνυμα 8 zs 2 εἶνε 2 
t ]⁰ ˙Vſͥ 0mm... ³ð³ vd x 8 s 219 NM 219 
Kanawha μας πω ͤũ] ſ AAA E. 2,994 e "e 2,894 
1 ο κ οτε ο ος EE E ος ισως πο θα, 4,068 89 4,151 
Mc ell e uos y yd y CN 1,251 4,152 ,009 
Marom dece ed ti dy eu. 769 E Lo 169 
I/ ¾ Gↄꝛ ³ðW. t ...... 88 ΞΡ 8 510 510 
Mingo eo ¶ꝑ d x LE te 1.344 ERE M ,944 
N lun uL ulcus 8 545 1,127 A: 1,672 


See footnotes at end of table. 
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Table 28.—Origin of coal received by oven-coke plants in the United States in 1976, by 
producing county and volatile content! —Continued 


(Thousand short tons) 
Volatile content 
Source of coal —P Total? 
High Medium Low | 
West Virginia —Continued 

ας ο ο σοι στ ελ ⁰⁰⁰ TR et NEN ERE HE TOS 249 NM 249 
Raleigh ou o o ppg 8 T 1,940 1,965 
FF! ³· m ο 1 PIA TIEN 12 

το o er ; ⁰ð⁰ðymt ⁰yd ee ee A A ius 
pin ates ren 7 ος iem 78 
νο πα ος e ώς ο κ e edu E i E 208 2,897 2,868 
Total ου νο ³ ] ⅛˙’¹⁰ SLE 56,080 11,080 17,739 84,899 


— adis matter on moisture-free basis; high volatile, over 3196; medium volatile, 22% to 31%; and low volatile, 1496 to 
Data may not add to totals shown because of independent rounding. 
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668 78 == as El 8619 881 88 25190 
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062'S an zm £861 LI x ο 797.2 
002'8Z m ss 951. 199 -- n 185.81 
ZISZI EE -- 1515 2591 d 25 γ05 
168, xe = £09 961 y 8 96 
609. πα ᾽ 298.5 061 GL 5 IST. 
LLg'6 : 922.8 09L τε n 068˙8 
I9L'T ie "i 89Z'I 981 = n 85 
289.21 um n ZIS} y90'1 - Hs £811 
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2509 τ pe x m 765 ˙l P n 
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) PPM 8 
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Table 30.—Quantity and percentage of captive coal received by oven-coke plants in the 


United States 
(Thousand short tons) 
At merchant plants At furnace plants Total! 
Total Total Total 
Year coal re- Captive coal coal re- Captive coal coal re- Captive coal 
ceived cei ceived 
Quantity Percent Quantity Percent Quantity Percent 

1972 με κατ, 7,804 T2,325 29.8 80,158 45,354 56.7 87,962 47,679 54.2 
1973 8 6,820 1,723 25.3 83,943 41,412 56.5 90,763 49,134 54.1 
1974 6,877 1,520 22.1 81,239 44,116 54.3 88,115 45, 51.8 
19755 6,487 1.202 18.5 78, 399 44 803 56.5 84, 886 45,505 53.6 
1976  — z us 5,898 2.291 88.8 79,000 42,840 54.2 84,899 45, 132 53.2 


"Revised. 
1Data may not add to totals shown because of independent rounding. 


Table 31.—Month-end stocks of 
bituminous coal at oven-coke plants in the 


States 
(Thousand short tons) 

Month 1975 1916 
January ___ _ _ _ -.--. 7,140 8,115 
Februar 8,010 8,514 

MCN ROO HERR SERENA 8,665 9 
Ir L 8,980 9,931 
ο HORE a 9,603 10,612 
JUS. ru ο κα πο ον 10009 11,257 
/r L -K h umu lD 8,126 8,715 
PCC 7,840 

September ......... . .... -......- -. -. 7,008 8,164 

Εν ος ος ο 2 So: 1,129 9, 
November _______________ - 8,468 9,605 
mber __ 86 e cL 8,671 9,804 


Table 32.—Month-end stocks of anthracite 
coal at oven-coke plants in the United 


States! 
(Thousand short tons) 

Month 1975 1916 
πο ͤ y τε. 171 114 
ο ον το ο. 166 89 
ον μπακ MDC 159 77 
ώση οι MODE 146 
CC 135 86 
222 μα σα 191 81 
Pec ο ως 125 88 
ος αι E s 127 91 
Mec ETE . EA 128 93 
77 UA AI E 129 101 
J eet DUCI UNUS 133 1 
ο ο ως τὰ 126 
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Table 33.—Coal-chemical materials, exclusive of breeze, produced at oven-coke plants 


in the United States in 1976! 
Sold 
P Value 
Quantity (thou- per 
san unit 
Tar, crude __ _ _ .- thousand gallons. _ 636,382 290,536 $96,417 $0.332 44,649 
Tar derivatives: 
Sodium phenolate or carbolate_ _ _ _ _ _ do- 2,482 2,352 851 .149 116 
Crude chemical oil (tar acid oil) _ _ _ _ _ do_ _ _ _ 5,678 5,679 2,143 .877 87 
Pitch of tar:2 
Bol o ώμου thousand short tons_ _ 516 274 25,347 92.507 13 
VFC ox do... (2) (2) 
Other tar derivatives Xx Xx 15,079 XX XX 
Ammonia products: 
Sulfate thousand short tons 522 585 28,504 48.725 55 
Liquor (NH3 content) ___________ do____ 5 6 562 93.667 2 
Diammonium phosphate do... (9 (9 (9 ($) (9 
Total ος CPP NONE do— XX XX 29,066 XX XX 
Sulfate equivalent of all forms _ _ _ _ _ _ do— 539 608 XX XX 61 
NHs equivalent of all forma do... 139 157 XX XX 16 
Gas: 
Used under boilers, etc _ -million cubic feet. 168,042 121,802 122 aes 
Used in steel or allied plants do- 318,416 243,758 766 = z 
Distributed through city mains do. _ _ _ 5912,399 ) 10,065 5,125 .509 -- 
Sold for industrial uses do... 41,907 81,935 162 Ἔν 
„ pe a le do... 5912,399 538,430 402,120 747 S 
Crude light oil. _--—------- thousand gallons_ _ 7198 056 104,645 52,532 .502 8,831 
Light oil derivatives: 
nzene: 
Specification grades (1°, 2°, 90%) do... 60,411 59,822 41,526 794 2,809 
Other industrial grades do_ _ _ _ (8) () (5) (5) (5) 
Toluene (all grades) ____________ do_ _ _ _ 8,824 8,446 4,642 .550 788 
Xylene (all pee) ο oN NM do- 1,496 1.251 732 585 409 
Solvent naphtha (all grades?) _ _ _ _ do_ _ _ _ 1,968 1,792 713 .898 223 
Other light oil derivatives do. _ _ _ 8,993 1,898 505 .961 202 
. do... 76,692 12,108 54,118 144 4.481 
Intermediate light olli do- 5,419 1,923 543 282 456 
Grand total __ XX XX 677,716 XX XX 
XX Not applicable. 


1Includes products of tar distillation conducted by oven-coke operators under the same corporate names. 

*Soft-water-softening point less than 100*to 160° F, hard-over 160°F. Figures on soft pitch includes hard pitch to avoid 
disclosing individual company confidential data. 

te oil, cresols, cresylic acid, naphthalene, phenol, refined tar, tar paint. 

“Included with sulfate to avoid disclosing individual company confidential data. 

5Includes gas used for heating ovens and gas wasted. 

*Data may not add to totals shown because of independent rounding. 

"Includes 89,841,000 gallons refined by coke-oven operators to make derived products shown. 

*[ncluded with Specification grades to avoid disclosing individual company confidential data. 
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Table 34.— Coal equivalent of the thermal materials, except coke, produced at oven-coke 


plants in the United States 
; Estimated equivalent in heating value! 
Materials produced (Billion Btu) Coal? 
Coke et 
id (t CN (tho: X Coke  Surpl Ligh eti 
ou- : ou- e urplus ight sand 
sand on sand (thou- breeze gas Tar oil Total short 
ri feet) gallons) gallons) tons) 
1912. 4,261 534 747,188 214,201 85,220 293,700 112,078 21,846 518, 844 19,803 
191». 4,902 596 “732455 226, 110 98,040 327,800 109,868 29,394 565,102 21,569 
1974 5,094 574 677,447 217,416 101,880 315,700 101,617 28,264 547, 461 20, 896 
1975 4.281 527 645,537 194.814 85,620 289, 850 831 25, 326 497,621 18,998 
1976 .. 4 842 538 636 882 198, 056 86,840 295, 900 95, 457 25, 742 503, 939 19, ,294 


[Eee 10,000 Btu per pound; gas 550 Btu per cubic foot; tar, 150,000 Btu per gallon and light oil, 130,000 Btu per 
on. 
3At 26,200 Btu per short ton of coal. 


Table 35.—Average value of coal-chemical materials used or sold and of coke and breeze 
per short ton of coal carbonized in the United States 


1972 1973 1974 1975 1976 

Ammonia products ~- -------------------- $0.141 $0.177 $0.418 $0.397 80.347 

Light oil and its derivatives 350 418 1.276 1.233 1.273 

Surplus gas used or sold --- 1.660 2.052 3.366 8.549 4.801 
Tar and its derivatives (including naphthalene): 

Tar burned by producer! .966 572 753 .945 2.890 

Sold. οκ αιώνα ας sed 190 611 1.528 1.616 1.663 

Total ο es . 3.237 9.890 1.342 1.140 10.974 

Coke produced?  ........................ 22.978 26.315 50.005 51.843 59.284 

Breeze produced .............---------------------------- 533 558 1.022 1.414 1.626 

Grand total 26748 30708 58369 66991 71.881 

Includes pitch-of-tar. 


2 Average value of coke used or sold. 
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Table 36.— Percentage of coal costs recovered from the recovery of coal-chemical 


materials in the United States 
1972 1918 1914 19156 1916 
Product: 
Uu ulcclcleto2gs 8 1.0 1.0 1.2 1.0 1.0 
Light oil and its derivatives 3.2 2.3 3.5 3.1 2.9 
us gas used or oli 10.6 11.2 9.2 8.0 10.9 
Tar and its derivatives used or sold f 
(including naphthalene) __________________ 8.0 6.5 6.3 6.2 10.3 
J ³·¹w %ð—z i αν ss 22.8 21.0 20.2 18.3 25.1 
Value of coal per short ton $15.74 $18.32 $36.49 $44.21 $44.16 
Table 37.—Production and disposal of coke-oven gas in the United States in 1976, 
by State 
(Million cubic feet) 
Produced Surplus used or sold 
Value 
Thou- — ΤΡΙ 
State sand = Usedin | er Wasted 
Total feet heating Quantity Thou- u- 
per ton ovens sands sand 
of coal cubic 
feet 
Alabama ____________ 66,659 10.12 83,339 32,415 $15,975 $0.492 845 
California, Colorado, 
CCC 65,406 12.86 ,602 44,205 84,392 815 599 
Illinois 10.54 12,170 15, 10,388 672 1,578 
3 “ου 138,429 11.29 54,414 82,513 62, 758 ; 
Kentucky, Missouri, 
nnessee, Texas _ _ _ _ _ _ 20,137 10.53 9,247 9,567 3,689 386 1.323 
land and New York _ _ 94,096 10.51 40,386 52,551 41,161 783 1.153 
ich igen 48, 308 10.10 8,031 ; 36,4 .928 9 
Minnesota and Wisconsin 10,200 10.35 5,000 4.513 1.963 435 686 
Ohio 6 2 136,582 11.20 56,810 ; 722 2,333 
Pe lvania _________ 243,1 10.58 106,906 135,776 105,135 779 1,102 
est Virginia 59,593 11.47 13,836 ; 33, 759 1,120 
Total 1976 912,399 10.89 360,742 538,430 402,120 141 13,227 
At merchant plants 54,079 9.21 26,468 24,990 11,038 .442 2,021 
At furnace plants 858,821 11.02 334,275 513,440 891,081 762 10,606 
Total 197/55 Ὁ 895279 1086 354.569 52728 292694 => 555 1,412 


Data may not add to totals shown because of independent rounding. 
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Table 38.— Surplus coke-oven used by producers in the United States 


and sold in 1976, by State 
(Million cubic feet) 
Used by producers 
Under boilers, etc. In steel or allied plants 
Value Value 
State Average Average 
r 
— 2 — 2 2 
cubic cubic 
feet feet 
E A E Li ών 9,725 ,800 391 19,869 11,251 
California, Colorado, Uran 1 (1) (1) (3) (1) (1) 
;??? οπών 4,497 2,407 535 10,249 7,552 781 
J ĩͤ K EEE 18,554 9,865 728 66,679 51,667 T15 
panes: Missouri, Tennessee, 
κο ον HN NCMO 1.996 2,635 356 (1) (*) (*) 
Maryland and New Vork 7 a 5,592 b. me 5 a 
E 3,945 1,525 κα 
e μα Q y S ασ 24,073 14,783 614 48,191 37,996 779 
Pennsylvania 41.454 84,645 i 48,149 719 
West Virginia 16,761 752 (1) (1) 
Undistributed ............... - - -.-... 83,575 29 872 72,676 58,776 
Total 1976 168,042 121,302 722 318,416 243,758 766 
At merchant plants 14,604 6,005 A11 (3) (?) (5) 
At furnace plantt 3d 153,438 115,298 151 318,416 243,158 766 
Total 19777 108,041 51,162 .529 395,733 224,454 567 
Sold 
Distributed through city mains For industrial use 
Value Value 
Average Average 
Quantity Thou- i Quantity Thou- chou š 
sands sand sands sand 
cubic cubic 
feet feet 
Seah σος PER a n ss τοῖς. ΚΣ TES (1) (1) (1) 
California, Colorado, Utah .......-.------ zm cs EPA P pre La 
MUNG ο εδώ να ee E HM c = (1) (*) (°) 
— À—— —— —— NAE 2 (1) (1) -e το zs 
Qu seid Missouri, Tennessee, (9 00 0) 
Maryland and New Von (1) () Ὁ B KS 5 
Minnesota and Wisconsin __________ -- ma = ' (1) (t) 
ONO mu SS (9) 1) (5) (1) (3) 2 
Pennsylvania ..................-----.---.-.-..-. 2 (1) (1) (2) (*) (*) 
West Virginia¶as -- a $ ( ϱ (i) 
Undistributed ______________-__- 10,065 5,125 509 41,907 81,935 762 
Total 1976 10,065 5,125 .509 41,907 81,985 762 
At merchant plantss?s _ _ _ _ _ 10,065 5,125 .509 6, 785 3,318 489 
At furnace plantz3ßs -- (°) (°) (9) 35, 122 28,618 .815 
Total 1975 __ _ 10,122 5,244 518 13,322 5,834 488 


Included with “Undistributed” to avoid ΠΕ individual company confidental data. 
CCC independent roun 

"Included with furnace plants to avoid disclosing individual con company confidential data. 
(Included with merchant plants to avoid disclosing individual company confidential data. 


COKE AND COAL CHEMICALS 457 


Table 39.—Coke-oven gas and other gases used in heating coke ovens in 
the United States in 1976, by State’ 


(Million cubic feet) 
Cok Bl E iind 
e- ast- coke-oven 
State oven furnace Natural Other gas 
gas gas gas νά. 

ent 
Alabama .. _ _ _ 2222- 33,339 ο 1,087 ΕΝ 84,421 
California, Colorado, Utah _______________ 20,602 5,421 49 p 26,078 
JHllinoim: nce το να ee ha Sa! 12,170 15 c e 12,185 
Indiana -caniin 54,414 4,579 324 TR 59,317 

Kentucky, Missouri; Tennessee, Texas 9,24 21 11 t 27 

Maryland and New Vork 40, 386 5,481 4 AME 45,871 
Michigan —— _ _ ur ; 12,718 om oe 20,749 

Minnesota and Wisconsin ae os mn ; 
%;ö·;O %³˙ e ee 56,810 2, 836 as = = 59,646 
Pe Wane): πε με ος uD DU 06,906 2,148 ΚΕ " 109,054 
est Virginia —-— - -----------------—— 13,836 6,197 -- me 20,088 
Total 1976? __ ——ö—— 360,742 39,416 1,476 ES 401,634 
At merchant plans 26,468 s une MS 26,468 
At furnace plants... ...................... 334,275 39,416 1,476 ee 815,166 
Total 19755 354,560 85,442 688 8,087 398,781 


1 Adjusted to an equivalent of 550 Btu per cubic foot. 
Data may not add to totals shown because of independent rounding. 
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Table 41.—Coke-oven tar produced in the United States, used by producers, and sold 


in 1976, by State 
(Thousand gallons) 
Produced Used by producers Sold for refining into tar products 
Gallons For Value Stocks, 
State to fini As Other- . Dec. 
Total of or fuel wise Quantity Thou ΝΕ 31 
coked topping sands gallon 
F 42,756 6.49 (ὦ) 3) Da 26,328 $9,801 $0.372 2,618 
California, Colorado, 
6E 6,609 917 —- ® 2 2 ϐ 2056 
Illinois FE 16,991 6.13 ΕΠ (1) sel 41,678 13,893 .821 1,460 
Indiana 86,584 7.06 (1) 27,943 ο 29,671 10,112 .941 8,378 
Kentucky, Missou 
Enn oe Texas___ 10,759 5.62 τε (1) e 10,782 3,547 929 409 
and an 
New Vork 67,663 1.56 ο (1) .. 26,165 9,180 351 5,911 
ichigan ............ 32,795 6.86 EN ME TP 83,234 10,496 .916 2,878 
Minnesota and 
Wisconsin 3,735 3.79 TE (* m 25,578 7,068 276 650 
Ohio _ _ _ _ „ 97,229 7.98 (1) 51,633 Ex 43,708 15,248 949 6,198 
Pennsylvania . _ _ 191,955 8.33 (! 42,781 (1) 53,393 17,572 929 16.019 
West Virginia 39,307 7.57 (1) mS No (3) (3) (3) 2,419 
Undistributed ___ _ _ _ RES =e 163,051 65,169 5,460 sakes e -- κ. 
Total 19764 ____ 636,382 7.60 163,051 187,526 5,460 290,536 96,417 331 44,649 
At merchant plants 30,898 5.26 (S) τον τως 30,134 10,799 358 1,119 
At furnace plants 605,484 7.77 163,051 187, 526 5,460 260,402 85,618 .929 ,531 
Total 1975 645,537 7.83 178,147 162,112 4,964 284,841 98,898 347 554542 


1Included with “Undistributed” to avoid disclosing individual company confidential data. 
?Included with "Illinois" to avoid disclosing individual company confidential data. 
*Included with "Minnesota and Wisconsin" to avoid disclosing individual company confidential data. 
*Data may not add to totals shown because of independent rounding. 


"Included with furnace plants to avoid disclosing individual company confidential data. 


Revised to reflect inventory adjustments. 


Table 42.—Coke-oven crude light oil produced in the United States and derived products 


Active 

State plants! 
. μη 7 
California, Colorado, Utah .. 3 
Minois ................. 4 
Indiana... 4 

Kentucky, Michigan, Missou- 

ri, Tennessee, Texas 5 
Maryland and New Vork 4 
/ ens 11 
Ρο lvania _________ 10 
West Virginia 3 
Total 19768 51 
At merchant plants 6 
At furnace plants 45 
Total 1975 51 


(Thousand gallons) 
Crude light oil 
Refined 
Prod- poen on 

uced of prem- 
12,620 1.92 -- 
15,772 9.10 8,489 
693 2.42 7 
22,379 2.39 358 
11.078 1.93 1,049 
25,448 2.84 14,177 
26,446 2.18 4,425 
63,192 2.82 61,319 
14,429 2.78 16 
198,056 2.53 89,841 
6,298 1.67 368 
191,758 2.58 89,473 
194,814 2.55 95,178 


Number of plants that recovered crude light oil. 


?Includes small quantity of material also reported in sales of crude light oil in table 33. 


produced and sold in 1976, by State 


Stocks, 
Dec. 31 


1,341 
283 
215 
472 
379 

1,124 
631 

3,662 
725 

8,831 
185 

8,046 

$5,261 


3Excludes 104,645,000 gallons of crude light oil valued at $52,532,000 sold as such. 
“Included with Maryland and New York. 
5Data may not add to totals shown because of independent rounding. 


Revised to reflect inventory adjustments. 


Derived products 
Sold? 


Value 
(thou- 
sands) 


Prod- 


uced Quantity 


1,004 1,025 647 
12,344 12,382 9,895 
3,384 3,326 2,426 
53,022 49,255 36,395 
(8) (8) (8) 
16,692 72,708 54,118 
263 268 164 


82,308 81,885 57,419 
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Table 43.—Yield of light oil derivatives from refining crude light oil at oven-coke plants 
in the United States 
(Percent) 

Solvent 

Benzene Toluene Xylene naphtha 

nd Mie. graded: grade) an 

es an 

gres refined) 
1972 Lo cum ccu ee PEE. 59.3 12.8 3.1 8.0 
!õͤ ³˙¹A¹Ü¹AA UPON κ πρ» 61.2 11.9 2.8 2.1 
ο ος λος τσ E ο ος ας 60.2 11.5 21 2.9 
NB ο πο ο IE et ZS M RENS 61.0 11.7 21 2.5 
197022 2 e ο octo on eg .. 8 58.8 10.6 1.8 2.8 


Table 44.—Benzene and toluene produced 
at oven-coke plants — United States, by 
e 


(Thousand gallons) 
Benzene 
Y Specification Other P ene 
ear 
grades industrial grad 

(1°, T. 90%) kai 
1972______ 76,817 3,532 14,571 
1978 _______ 185,876 3,299 14,496 
1974______ 82,149 () 18,561 
1975 65,050 (1) 9,841 
1976 |... 60,411 (1) 8,824 


"Revised. 
llncluded with “Specification grad to 
dong individual company confider tial data ll μα αν 
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, 
Table 45.— Light oil derivatives produced at oven-coke plants in the United States and 
sold in 1976, by State 
(Thousand gallons and thousand dollars) 
Benzene (all grades) Toluene (all grades) 
Yield Yield 
State Pro, frgmerude_—* Pro q erude 2 
ο 8 ο 3 
duced refined tity Value duced refined tity Value 
(percent) (percent) 
Colorado, Indiana, Uta (1) (1) (3) (1) (3) 2 2 (3) 
Maryland and Texas 17,200 726 17412 14.005 @) ó O ὢ 
r ees (2) (2) (2) (2) (3) (3) (3) 
Pennsylvania 43,211 54.7 42,409 33,521 8,824 10.6 8,446 4,642 
Total 197674 ____ 60,411 58.8 59,822 47,526 8,824 10.6 8,46 4,642 
Total 19755 65,050 61.0 66 49,724 9,841 117 10,455 5,539 
Xylene (all grades) Solvent naphtha (crude and refined) 
Yield Yield 
from crude Sold from crude Sold 
do, light oil : dre Hight oil l 
M refin tity Value refined tity Value 
(percent) (percent) 
Colorado, Indiana, Utah . _ __ (7) (1) (3) (1) (2) (3) 2 (3) 
Maryland and Texas 263 1.2 261 153 (2) (3) (3) (3) 
GA E (3) (3) (2) (2) (3) (3) 
Pennsylvania 1,233 2.0 990 519 1,968 2.8 1,792 718 
Total 1976? 5 n 1,496 1.8 1,251 732 1,968 2.8 1,792 713 
Total 19758 1.884 2.1 1.958 1,083 2,045 2.5 1,947 652 


Included with New York and Texas to avoid disclosing individual company confidential data. 
2Included with Pennsylvania to avoid disclosing individual company confidential data. 
Data may not add to totals shown because of independent rounding. 


“All furnace plants. 


5Data not broken down into merchant and furnace plants to avoid disclosing individual company confidential data. 
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Columbium and Tantalum 


By Henry E. Stipp! 


U.S. consumption of ferrocolumbium, 
ferrotantalum-columbium, and other co- 
lumbium and tantalum materials totaled 
approximately 3.4 million pounds of con- 
tained columbium and tantalum, compared 
with consumption of 3.3 million pounds in 
1975. Ferrocolumbium and other colum- 
bium and tantalum materials were con- 
sumed mainly in producing specialty steels 
and superalloys. 

Consumption of columbium raw mate- 
rials increased to approximately 3.4 million 
pounds of contained columbium compared 
with 2.1 million pounds in 1975. 

Reported consumption of tantalum con- 
tained in raw materials increased to about 
2.0 million pounds contrasted with the 1.1 
million pounds in 1975. Increased demand 
for tantalum electronic capacitors for use in 
citizen band radios, smoke detector devices, 
heart pacemakers, and automobiles was 
reported to be the main reason for the rise 
in tantalum consumption. 

Columbium mineral concentrates import- 
ed for consumption increased sharply to 
3,968,000 pounds, gross weight (1,595,000 
pounds contained columbium and 118,000 
pounds contained tantalum). In 1975 colum- 
bium mineral concentrates imported for 
consumption totaled 1,542,000 pounds, gross 
weight (606,000 pounds contained colum- 
bium and 47,000 pounds contained tanta- 
lum). Tantalum mineral concentrates (in- 
cluding synthetic concentrates) imported 
for consumption increased to 2,557,000 
pounds, gross weight (709,000 pounds 
contained tantalum, and 606,000 pounds 
contained columbium), compared with 
1,753,000 pounds, gross weight (584,000 
pounds contained tantalum, and 239,000 


pounds contained columbium) in 1975. Im- 
ports of columbium concentrates in 1976 
came mainly from Brazil, 47%; Canada, 
30%; Nigeria, 12%; the People’s Republic of 
China, 5%; Malaysia, 4%; and others, 2%. 
Tantalum concentrates came chiefly from 
West Germany, 42%; Canada, 20%; Austra- 
lia, 9%; Thailand, 8%; Zaire, 6%; Brazil, 
6%; and others, 9%. 

Legislation and Government Pro- 
grams.—Sales in 1976 of columbium mate- 
rials from U.S. Government stockpile ex- 
cesses by the General Services Administra- 
tion (GSA) totaled 68,908 pounds of contain- 
ed columbium in columbium concentrates. 
There were no sales of tantalum materials. 
Columbium concentrates shipped from U.S. 
Government stockpile excesses totaled 
70,089 pounds of contained columbium; tan- 
talum concentrates shipments were 8,028 
pounds of contained tantalum. On October 
1, the Federal Preparedness Agency (FPA) 
of GSA announced new stockpile goals, 
which were to be updated as necessary. 
These new goals for columbium and tanta- 
lum are shown in table 3 but are subject to 
change. 

In an investigation started on August 3, 
1976, the U.S. International Trade Commis- 
sion determined that the U.S. tantalum 
industry was not being injured and was not 
likely to be by the importation of tantalum 
electrolytic fixed capacitors from Japan 
(other than those produced and sold by 
Matsushita Electric Industrial Co. Ltd.).? 


1Physical scientist, Division of Ferrous Metals. 

2U.S. International Trade Commission (USITC). Tanta- 
lum Electrolytic Fixed Capacitors. Determination of No 
Injury or Likelihood Thereof in Investigation No. AA 1921- 
159 Under the Anti-dumping Act of 1921, as Amended, 
Together With the Information Obtained in the Investi- 
gation. USITC Publication 789. Washington, D.C., Oc- 
tober 1976, 96 pp. 
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Table 1.—Salient columbium statistics 


(Thousand pounds) 
1972 1973 1974 1975 1976 
United States: 
Mine production of columbite-tantalite 
concentrates ___—--------------------——— ΕΒ M" x: aon — 
Releases from Government excesses (Cb content)! __ _ _ _ _ 799 2,344 2,739 463 70 
Consumption of raw materials (Cb content?! 2,489 2,806 3,250 2,137 3,379 
Production of primary products: 
Columbium metal (Cb content W W W W W 
Ferrocolumbium (Cb content D!) -..-.------.... 1,474 1,496 1,917 *985 1,565 
Consumption of primary products: 
Columbium metal (Cb content! 218 254 221 130 291 
Ferrocolumbium, ferrotantalum-columbium | 
and other columbium and tantalum 
materials (Cb and Tacontent).. .. _ _ ..... 3,676 4,056 4,626 3,348 3,389 
Exports: Columbium metal, compounds, and 
alloys (gross weight )))) 29 96 33 53 67 
Imports for consumption: 
Mineral concentrate (Cb content) ! ?t!•! .. .. - .. -. .. 1,558 1,314 71,583 1845 2,201 
Columbium metal and columbium-bearing 
alloys (Cb content) - - - - - --------------—- 1 4 1 3 ΕΠΕ 
Ferrocolumbium (Cb content 1,530 2,120 3,276 1,872 2.221 
Tin slags (Cb content) ')) 7 547 603 460 144 296 
World: Production of columbium-tantalum 
concentrates (Cb content 13,121 32,452 720,597 12,533 19,648 


*Estimate. ‘Revised. W Withheld to avoid disclosing individual company confidential data. 
Includes columbium content in raw materials from which columbium is not recovered and material released as 


payment-in-kind for upgrading. 
2Receipts reported by consumers. 
Table 2.—Salient tantalum statistics 
(Thousand pounds) 

1972 1973 1974 1975 1976 
 ————————————————————— ÁREA u u a: ------.κρλκς 
United States: 

Mine production of columbium-tantalum concentrates . _ _ E im SN "e Sr 
Releases from Government excesses (Ta content)! 87 266 884 87 8 
Consumption οἵ raw materials (Ta content)... .. . ...... 1,280 2,221 2,425 1,077 2,005 
Production of primary metal (Ta content!!! 1,352 1,619 1,849 844 1,873 
Consumption of primary products: 
Tantalum metal (Ta content?! 922 1,096 1,159 450 1,098 
Ferrocolumbium and ferrotantalum-columbium 
and other columbium and tantalum 
E materials (Cb and Ta content) ______________~_ 3,676 4,056 4,626 3,348 3,389 
xports: 
Tantalum ore and concentrate (gross weight 19 16 201 60 59 
Tantalum metal, compounds, and alloys 
(gross weight) 146 344 503 411 361 
Tantalum and tantalum alloy powder (Ta content) . _ 171 202 233 161 219 
Imports for consumption: 
Mineral concentrate (Ta content?:?“ -. -.-.-.-- -. -.. -.. 458 428 1786 1631 827 
Tantalum metal and tantalum- bearing alloys 
(Ta cohtent! - uuu necu: 14 101 184 66 52 
Tin slags (Ta content)??____._______.-.-.-___ 625 719 760 7236 481 
World: Production of columbium-tantalum 
concentrates (Ta content „ 818 847 1962 r907 855 


*Estimate. "Revised. 
includes material released as payment-in-kind for upgrading. 
2Receipts reported by consumers. 


COLUMBIUM AND TANTALUM 


465 


Table 3.—Columbium and tantalum materials in Government inventories 
as of Dec. 31, 1976 


(Thousand pounds, columbium or tantalum content) 


š Defense 
: National : Supple- 
Material ΝΕ (strategic) ο... mental Total 
E stockpile inventory stockpile 
Columbium: 
Concentrateeeeees 3,131 1.781 DS "un 1,781 
Carbide powder: Stockpile grade Ee 21 T Re 21 
Ferrocolumbium: 
Stockpile grade ea 598 οὖτα E: 598 
Nonstockpile grade Mt 333 ας Di 333 
Metal: Stockpile grade NN 45 t MR 45 
Tantalum: 
Tantalum minerals: Stockpile 
grade 5,452 2,548 - D 2,548 
Carbide powder: Stockpile grade 889 29 ας = 29 
Metal: Stockpile grade 1,650 201 ο ως 201 
1Stockpile goals established as of Oct. 1, 1976. 
DOMESTIC PRODUCTION 


There was no domestic production of 
columbium and tantalum minerals reported 
in 1976. However, Buttes Gas & Oil Co. was 
investigating a large titanium deposit in the 
Powderhorn area of Southwestern Colora- 
do. The deposit reportedly contains signifi- 
cant quantities of columbium in the form of 
the mineral perovskite. 

Tantalum metal powder (including 
capacitor-grade powder) produced from im- 
ported concentrates increased in quantity to 
1,873,000 pounds compared with 844,000 
pounds in 1975. Demand for tantalum pow- 
der for use in electronic capacitors was 
mainly responsible for the increased tanta- 
lum metal production. Production of tanta- 
lum metal ingots increased to 576,000 
pounds, a 57% increase over the 367,000 
pounds of 1975. 

Columbium metal production data were 
withheld to avoid disclosing individual com- 
pany confidential information. Data on pro- 
duction of columbium metal ingot also were 
withheld for the same reason. Four domes- 
tic companies produced 1,565,000 pounds of 
contained columbium in ferrocolumbium, 
valued at about $6.4 million. 

Molycorp, Inc. at White Plains, N.Y., pro- 
posed to purchase about 1 million shares 
(82%) of the common stock of Kawecki- 
Berylco Industries, Inc. (KBI). At yearend 
Molycorp announced that it controlled 


49.7% of the common stock of KBI.* 

A new 1,200-kilowatt electron beam fur- 
nace was placed in operation at the Boyer- 
town, Pa., plant of KBI, increasing capacity 
to produce ingots of high-quality electronic- 
and metallurgical-grade columbium and 
tantalum metal and their alloys. 

H. K. Porter Co., Inc. of Pittsburgh, Pa., 
acquired 85% of the common stock of Fan- 
steel, Inc., Chicago, Ill, manufacturers of 
columbium, tantalum, and their alloys.* 

Norton Co., Newton, Mass., sold its met- 
als division, a large producer of tantalum 
metal and mill products, to NRC Inc., a 
corporation jointly owned by Herman C. 
Starck, Berlin, West Germany, and Sa- 
mincorp Inc., New York, N.Y. Samincorp is 
a subsidiary of South American Consoli- 
dated Enterprises, S.A., and Starck is a 
European manufacturer of special metals 
and alloys.5 

KBI and Herman C. Starck contracted for 
Starck to process tin slags, owned by KBI, 
for consumption in Kawecki's plant at Boy- 
ertown, Pa.* 


The Wall Street Journal. Kawecki-Berylco's Board 

ln Neutral on Bid by Molycorp. V. 18, No. 24, Aug. 4, 
p 

4American Metal Market. H. K. Porter Execs on Fan- 
steel Board. V. 83, No. 136, July 13, 1976, p. 21. 

5American Metal Market. Norton Sells Metals Division 
to NRC. V. T 83, No. 61, Mar. 29, 1976, LED. 2, 53. 

SAmerican Metal Market. West German Firm To o Recy- 
ONE Tantalum Tin Slag. V. 82, No. 198, Oct. 1, 1976, 
P 
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Table 4.—Major domestic columbium and tantalum processing and producing companies 
in 1976 
: Colum- Tantalum Ferro- 
Company Location bium Tantalum carbide columbium 
Fansteel, Ine icago, Ill... _ _ - _ _ X X X τος 
Muskogee, Okla _ _ _ _ _ X X X ee 
General Electric Co Warren, Mich |... AN "d X E 
Kawecki Div., Kawecki- Boyertown, pra X X X X 
Berylco Industries, Inc. 
Kennametal, Ine Latrobe, fra X X X Eo 
Mallinckrodt, inne St. Louis, Mo X X ee MAE 
NRC Inne Newton, Masses X X X x 
1 W Ine Latrobe, Pa X zw X NN 
ep Al bui Ine nia, fa X mdi pees X 
arcs dalioy Co πο αμ ante Newfield, N. X as "S X 
y bany, Óreg 33 X X X X 
i 1 company). 
CONSUMPTION AND USES 


Primary columbium metal consumption 
increased 124% to 291,000 pounds compared 
with 130,000 pounds in 1975. High-purity 
columbium metal in powder and ingot form 
was used mainly in preparing superalloys 
for the aerospace industry. 

Tantalum metal consumption, including 
capacitor-grade powder, increased 144% to 
1,098,000 pounds. In 1975 approximately 
450,000 pounds of tantalum metal was con- 
sumed. The principal end use for tantalum 
metal powder was in the manufacture of 
capacitors for use by the electronics indus- 
try. Tantalum metal ingot was used mainly 
to fabricate corrosion-resistant chemical 
equipment. 


Approximately 89% of the ferrocolum- 
bium consumed in 1976 was added to alloy 
steels such as high-strength, low-alloy 
(HSLA) steels for the manufacture of oil 
and gas pipelines, structural steel, plate for 
ships, machinery, automobiles and atomic 
reactor steels. Construction of pipelines in 
the market economy countries during 1976 
reportedly increased 45% above the annual 
average mileage for the previous 5 years. 
New pipelines in 1976 were estimated to 
cost a record $6.76 billion, a 48% increase 
over that of 1975.’ 


Oil and Gas Journal. Spending for New Lines To Break 
All Records in 1976. V. 74, No. 4, Jan. 26, 1976, p. 73. 


Table 5.—Reported shipments of columbium and tantalum materials 


(Pounds of metal content) 
Change 
Material 1975 1976 (percent) 
Columbium products 
Compounds, includi e See Ru aed 930,800 791,300 -15 
Metal, including worked ος Mc ͤ ü E AE 112,700 101, 600 -10 
e . A a ee eet ee 21, 41,000 +93 
Total columbiunnnnnnô—TCT·òF 1,064,700 933,900 12 
Tantalum products: 
Oxides and salts |... ~~ 44 127,400 55,400 -57 
A/ a 88 500 13.200 +55 
Carbide) one cm eee xe e isi v UE 2 106,500 93,300 -12 
Powder and anodes _ _ sss 436,600 759,000 14 
Ingot (unworked consolidated metal) |... ....-.... -- - -. .. 1,000 7,100 +670 
Apfel S 172, 000 238,500 4-39 
SCTÜD. ull nuum cec c E LL e 13,000 130,700 4-905 
Total tantalum ---...-.----------.--.-.--.-.-.- ----.-.---- 865,000 1,297,800 4-50 


Source: Tantalum Producers Association. 
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Specialty steel producers reported that 
sales in the aircraft engine market during 
1976 were slow, but a pickup was expected 
during the first quarter of 1977. However, 
some producers reported an increase in 
demand for specialty steel in the nuclear 
reactor field during the second half of 1976. 

An area of potential growth in consump- 
tion of columbium is in nickel- and cobalt- 
based alloys for use in automobile turbine 
engines. Superalloys containing columbium 
were used for aircraft turbines and nuclear 
powerplants. 
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A report by engineers of a major auto- 
mobile manufacturer listed a number of 
unusual applications for HSLA steel that 
included door panels, front suspension cross 
members, idler arm brackets, and rear 
anchor cross members. However, wide- 
spread use of HSLA steel in automobile 
body applications has been slowed in favor 
of increased use of nitrogenized or strain 
aging steel. Reportedly, nitrogenized steel is 
more economical to use and more adaptable 
to conventional manufacturing techniques.* 


Table 6.—Consumption of ferrocolumbium, ferrotantalum-columbium, and other colum- 
bium and tantalum materials in the United States in 1976, by end use 


(Pounds) 


End use 


Steel: 


Total steel 


— P 


— — ae c — — — — -- ο — — «ο — — «κ «κ — — -ου- - 


— — — — am — — --- ae — — — — — ee 


— — — — — amo --- — — — ome — — — —— — — — — - 


— — — — — — — — --- — — — — — — — — — — — — — — 


Contained 
columbium 
and tantalum 


885,053 
459,077 
521 


W 
43,791 


2,911,896 
421,711 


49,887 
5,785 


3,389,279 


W Withheld to avoid disclosing individual company confidential data; included with “Steel: Unspecified.” 


STOCKS 


Processor and dealer inventories of co- 
lumbium and tantalum materials at year- 
end were as follows, in pounds, contained 
columbium (Cb) and tantalum (Ta): 


; Dec. 31, Dec. 31, 
Material 1975 1976 
* COLUMBIUM 
Primary metall 54,560 81,401 
Ingot ο ³ A λε, 33,344 65,902 
Serap d 8 ,453 106,958 
τ... CE 663,584 524,519 
Other compounds r14,279 14,515 
TANTALUM 
Primary metall 232,003 302,274 
Capacitor-grade powder 97,457 4,088 
Ingot oe eeu 84,527 114,349 
Scrap ο Scie 48 312,960 174,457 
Oxide. Ls 161,394 49,174 
Potassium tantalum 
fluor ide 745,409 88,572 
Other compounds 45,080 45,028 
FRevised. 


Stocks of columbium and tantalum raw 


materials reported by processors and deal- 
ers at yearend 1976, in thousand pounds of 
contained Cb or Ta (yearend 1975 figures in 
parentheses), were as follows: Columbite, 
Cb-491, Ta-465 (Cb-552, Ta-69); tantalite, Ta- 
424, Cb-206 (Ta-976, Cb-545); tin slag, Ta- 
2,431, Cb-1,946 (Ta-2,667, Cb-2,092) pyro- 
chlore, Cb-143, Ta—- (Cb-28, Ta—-). 

Consumer stocks of ferrocolumbium, 
ferrotantalum-columbium, and other co- 
lumbium and tantalum materials as of 
December 31, 1976, were as follows, in 
pounds of contained Cb and Ta (stocks on 
December 31, 1975 in parentheses): 
Ferrocolumbium—923,655 (1,091,372); ferro- 
tantalum-columbium—8,589 (10,500); and 
other columbium and tantalum mate- 
rials—30,361 (30,744). Producer stocks of 
ferrocolumbium at yearend 1976 were 
794,612 (1,077,500). | 


s American Metal Market. Nitrogenized Steels Cap- 
EL. Automotive Favor for Body Use. V. 83, No. 51, Mar. 
15, 1976, p. 13 
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PRICES 


Columbite and pyrochlore prices in- 
creased in 1976 mainly because of higher 
costs for mining and processing. Contract 
prices for Canadian pyrochlore, f.o.b. mine 
and mill increased from the $1.56 per 
pound of contained Cb;O;, that carried over 
from that of 1975, to about $1.75 to $1.85 per 
pound of Cb,O, on March 11, and for the 
rest of the year they were quoted as nomi- 
nal or about $2.00 to $2.25 per pound Cb;O.. 
Spot columbite concentrate prices, c. i. f., 
U.S. ports, increased from the $1.80 to $1.90 
per pound of contained pentoxides, that was 
quoted on January 1, for material having a 
Cb4,0, to Ta,O; ratio of 10 to 1, to $2.40 to 
$2.60 per pound of contained Cb,O, and 
Ta;O; on February 5; and to $2.40 to $2.70 
per pound of contained Cb;O, and Ta- O, on 
May 21. On November 11 prices for spot 
columbite concentrate increased further to 
$3.00 to $3.50 per pound of contained Cb;O, 
and Ta;O.. 

U. S. reactor-grade columbium metal in- 
got prices were $18.00 to $25.00 per pound 
of columbium throughout the year; U.S. 
reactor-grade columbium metal powder was 
priced at $30.00 to $45.00 during 1976. 

Ferrocolumbium prices per pound of con- 
tained columbium, ton lots, f.o.b. shipping 
point, were as follows on January 1: Spot, 
low-alloy, $4.30 per pound; high-purity 
grade, $8.61 to $9.50 per pound. On July 1, 
the spot price for low-alloy ferrocolumbium 
increased to $4.73 per pound and remained 
at that price for the rest of the year. On 
July 1, the price for high-purity grade 


ferrocolumbium increased to $10.90 to 
$11.83 per pound and on October 18 increas- 
ed again to $11.80 to $14.30 and remained in 
that range for the remainder of the year. 

On January 1 the price of nickel colum- 
bium increased to $11.35 per pound of 
contained Cb, from $10.40 per pound at 
yearend 1975. Effective October 18, the 
price of nickel columbium moved to $14.30 
per pound of contained Cb and remained at 
that price for the remainder of 1976. 

Spot tantalite ore was quoted at $15.50 to 
16.50 per pound of contained Ta;O,, 60% 
basis, c.i.f. U.S. ports, at the beginning of 
the year. On June 18, the price advanced to 
$16.00 to $17.25 per pound; on November 11, 
the price increased further to $17.25 to 
$18.00 per pound and remained at that price 
for the rest of the year. Tantalum Mining 
Corporation of Canada (Tanco) tantalite 
was quoted at $16.00 per pound of contained 
TazO, throughout the year. Thailand tin 
slags were quoted as nominal throughout 
the year. 

U.S. grade tantalum metal powder was 
listed at $35.40 to $48.00 per pound of 
tantalum throughout 1976, U.S. grade tan- 
talum metal rod was quoted at $52.00 to 
$80.00 per pound, and U.S. tantalum metal 
sheet was quoted at $48.00 to $118.00 per 
pound throughout the year. 

On November 1 the price of tantalum 
carbide increased to $33.50 to $34.50 per 
pound from the $30.25 per pound that 
carried over from that of 1975. 


Table 7.—Average grade of concentrate re- 
ceived by U.S. consumers and dealers in 


1976, by country of origin 
(Percent contained pentoxides) 
Columbite Tantalite 
Country 

Cb20s TazOs Tazos Cb20s 
Australia "- 39 36 
Brazil, pyrochlore .. s S ΜΡ 

Brazil, columbite 
and tantalite 21 A 32 
3 — 4 
Germany, West T 24 47 
aysia __ _ _ _ _ _ 15 33 20 
Mozambique NN 54 19 
Nigeria cs RN 
Portugal! A eS 
Rwanda ......- 24 29 42 

South Africa, 

Republic of T 35 35 
μις μμ 91 30 
ailand _______ PRE 33 30 
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FOREIGN TRADE 


Unwrought columbium and columbium 
alloys, waste and scrap exported from the 
United States went mainly to West Ger- 
many (69%) and the United Kingdom (27%). 
Wrought columbium and columbium alloys 
were exported from the United States chief- 
ly to the Netherlands (44%), Canada (17%), 
the United Kingdom (11%), West Germany 
(9%), and Japan (7%). 

Tantalum ores and concentrates were 
exported from the United States mainly to 
West Germany (6060) and Japan (4099). U.S. 
exports of unwrought tantalum metal, al- 
loys, and waste and scrap were shipped for 
the most part to West Germany (6490), the 
United Kingdom (18%), and Japan (1490). 
Tantalum metal powder and tantalum-alloy 
powder exports went mainly to West Ger- 
many (36%), Japan (34%), and the United 
Kingdom (13%). U.S. exports of wrought 
tantalum and tantalum alloys went chiefly 
to West Germany (3196), Japan (28%), the 
United Kingdom (22%), and France (4%). 

Unwrought columbium metal, waste and 


scrap imports, all from West Germany, 
totaled 72 pounds valued at $2,765. Wrought 
columbium metal imported was not signifi- 
cant (1 pound). There were no U.S. imports 
of unwrought columbium alloys. 

U.S. imports for consumption of 
unwrought tantalum metal, waste and 
scrap totaled 97,100 pounds valued at about 
$2.1 million, mainly from West Germany 
(57%), Mexico (18%), and France (9%). 
Wrought tantalum metal imports, chiefly 
from Belgium (80%) and Austria (12%), 
were 1,861 pounds valued at $158,560. There 
were no imports of unwrought tantalum 
alloys in 1976. 

Columbium mineral concentrates import- 
ed for consumption increased 157% (gross 
weight) compared with those of 1975. Im- 
ports for consumption of tantalum mineral 
concentrates increased 46% (gross weight) 
compared with those of 1975. 

Imports of tin slags, which increased 
92%, gross weight, over those of 1975, came 
chiefly from Thailand and Malaysia. 


Table 8.—U.S. exports of columbium and tantalum, by class 
(Thousand pounds, gross weight, and thousand dollars) 


Class 


Columbium and columbium alloys, unwrought, and 

waste and scra 
Columbium and columbium alloys, wrought 
Tantalum ores and concentrates 
Tantalum and tantalum alloys, wrought 
Tantalum metals and alloys, in crude form and scrap 
Tantalum and tantalum alloy powder 


1975 1976 
Quantity Value Quantity Value 
ο... 17 61 24 175 
SORTES 36 726 49 604 
pes 60 165 59 317 
π.μ. 94 1,928 45 2,511 
Sca 437 3,452 322 3,823 
MUR 161 5,974 219 1,982 


Table 9.—Receipts of tin slags reported 


by consumers 
(Thousand pounds) 
Year Gross CbzOs Ta20s 
weight content content 
19212 8 9,709 780 741 
19718 nuc 8,607 863 878 
1914 22 8,207 657 910 
1975... nee 2,283 205 288 
1916 ος 4,373 424 523 
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Table 10.—U.S. imports for consumption of columbium-mineral concentrates, by country 
(Thousand pounds and thousand dollars) 


1975 1976 
Gross Cb* Ta* Gross Cb* Ta* 
weight content content Value weight content content Value 

c ——————————————————————————————— —————————— — AO! 
Brazil! 1,135 . 460 x 1,215 1,868 151 DN 2,300 
Canada ______________ 21 7 = 22 1,196 493 MT 1,797 
China, People's 

Republic off 9 2 2 10 179 44 51 232 
Germany, Wett -— NM B 23 7 4 67 
Malaysia _____________ 138 49 21 313 157 66 19 861 
Nigeria 151 66 10 166 477 210 27 800 
Portugal _____________ 16 4 5 54 EN Pu cs .. 
South Africa, 

Republic ohh 2 (1) (1) 10 t TN "n 
Spain ˙·—ůͥʃ 8 11 3 2 55 11 3 2 55 
Taiẽwauns2sss P ΕΠ nE = 40 10 11 53 
Thailand ............- 44 12 7 122 5 1 1 19 

o MEN E T a tas 15 3 E 45 18 4 3 53 

κ μπω 1,542 606 47 2,012 23,968 1,595 118 5,131 
*Estimated by Bureau of Mines. 
1Less than 1/2 unit. 


Data do not add to total shown because of independent rounding. 


Table 11.—U.S. imports for consumption of tantalum-mineral concentrates, by country 
(Thousand pounds and thousand dollars) 


1975 1976 
Gross Cb* Ta* Gross Cb* Ta* 
weight content content Value weight content content Value 
Australia __ _ -- 203 20 66 1,156 229 58 73 1,674 
Belgium- Luxembourg 7 By me 36 1 (3) (3) 7 
FFII!!! ĩðͤ 8 151 29 44 526 148 33 44 689 
Canada __ _ _ 664 19 279 3,471 499 14 208 2,537 
China, People's 
Republic off oe TR = ἘΝ 5 1 1 3 
, e aaa 8 2 1 1 32 
Germany, West? _______~_ 7162 r32 r47 1681 1,067 359 213 7,679 
Kenya -_------------ 7 1 2 31 REN e PR 
Malaysia 86 27 16 146 22 3 6 49 
Mozambique 66 9 29 452 53 7 480 
Netherlands 7 2) 2 54 22 5 6 117 
Portugal 15 3 4 60 PEE ave NN M 
Rhodesia |... _ _ 12 1 9 58 aB NM -- M 
wanda _____________ 87 25 20 202 99 29 24 267 
South Africa, 
Republic ffn ME n m 2 3 40 
Dalle oce A a 45 10 11 166 40 8 10 188 
Tanzania Sha nas ue E" 2 2 24 
Thailand 81 20 19 190 199 42 54 723 
Uganda ____________-_~- 11 3 2 28 κ == == 22 
fO m E se ae: 149 40 40 537 156 42 41 615 
Stil! 11,753 1239 1584 77,794 42,557 606 709 15,124 


*Estimated by Bureau of Mines. ‘Revised. 

1Presumably country of transshipment rather than original source. 
?Less than 1/2 unit. 

Includes synthetic concentrates. 

*Data do not add to total shown because of independent rounding. 
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WORLD REVIEW 


Austria.—Treibacher Chemische Werke 
AG, Treibach, appointed Metallurgical In- 
ternational Inc., Tinton Falls, N.J., exclu- 
sive sales agent in the United States for its 
cemented carbide cutting tools, mining 
tools, and wear parts. Treibacher employs 
1,300 people manufacturing carbides of co- 
lumbium, tantalum, vanadium, tungsten, 
molybdenum, and titanium. The company 
also produces optical pure tantalum oxide, 
columbium oxide, ferroalloys, abrasives, 
hard metals, and detergents.’ 

Brazil.—In 1975 Companhia Brasileira de 
Metalurgia e Mineracáo (CBMM) produced 
21.5 million pounds of pyrochlore concen- 
trate containing an estimated 12.5 million 
pounds CbzOs. The company also produced 
about 9 million pounds of ferrocolumbium 
containing almost 5.9 million pounds of 
columbium. In 1976 CBMM produced 23 
million pounds 0010. valued at $31.6 mil- 
lion. Production of ferrocolumbium was 
about 12 million pounds containing about 
7.5 million pounds of columbium. 

Production of tantalite in 1975 by a num- 
ber of small producers totaled 209,437 
pounds containing approximately 75, 400 
pounds Ta;O; and 56,550 pounds Cb;O.. 

The concentrating plant of CBMM locat- 
ed next to the pyrochlore mine, about 5 
miles south of the city of Araxá in Minas 
Gerais, currently has the capacity of pro- 
ducing about 53 million pounds of pyro- 
chlore concentrate per year containing 
about 28 million pounds Cb;O,. The concen- 
trate is converted into ferrocolumbium in 
CBMM’s metallurgical plant located in the 
same industrial complex. The metallurgical 
plant has the capacity to produce about 26.5 
million pounds of ferrocolumbium contain- 
ing around 17.2 million pounds of colum- 
bium. 0 

A deposit containing from 25 million to 30 
million tons of manganese ore with associ- 
ated columbium reportedly was discovered 
at Morro de Sete Lagoas in the Uapes 
district near the Venezuelan border." 

The tantalum resources of Brazil were 
described by region, and reserves for the 
State of Minas Gerais were reported. Ac- 
cording to the National Department of 
Mineral Production of Brazil, proven re- 
serves of tantalite ore in the State of Minas 
Gerais in 1973 were 47,822 short tons, and 
indicated reserves were 80,050 tons. No in- 
formation was available on reserves in oth- 


er regions of Brazil. It was concluded that 
currently worked deposits were nearing 
depletion, but output could be expected to 
continue from other areas that contain 
numerous pegmatite dikes and alluvial gra- 
vels favorable for the occurrence of colum- 
bite and tantalite.'? 

Brasimet Commercio e Industria, 5.Α., 
shipped pyrochlore concentrates to Eu- 
ropean consumers in July. Át yearend a 
3,307 short-ton-per-year ferrocolumbium 
plant, located at Catalão, Goías State, was 
scheduled to begin operating. 

Canada.—Tanco was operating profitably 
although earnings reportedly were badly 
hit in 1976 by a strike, which lasted for 
several months. However, Tanco produced 
281,777 pounds Ta- Os valued at $3.5 million. 
Exploratory drilling added 175,000 short 
tons of ore grading 0.203% Ta.O; to re- 
serves, which were considered sufficient to 
last to 1980 at current rates of depletion.'* 

Reportedly the Manitoba Development 
Corp., an agency of the Manitoba Govern- 
ment, was considering purchase of the 
shares of stock of Tanco held by Interna- 
tional Chemalloy Corp. The Manitoba Corp. 
currently holds a 25% interest in Tanco, 
Chemalloy Minerals Ltd. has a 50.1% inter- 
est, and KBI holds a 24.9% interest.!5 

St. Lawrence Columbium & Metals Corp. 
closed its mine and mill in early February, 


.reportedly because of a strike. by under- 


ground workers. In late June the company 
went into receivership. At yearend the 
mine, mill, and equipment were put up for 
sale.!* 

The pyrochlore mine of Niobec Inc. locat- 
ed near Chicoutimi, Quebec, was officially 
opened on June 7. Two shipments of concen- 
trate were made in May, but it was expected 
that the mill would take 6 months to reach 


American Metal Market. Metallurgical International 
Markets 29,1976. p x Nr as for Tool Making. » No. 
230, Nov. 29 1 

IóSiderurgia d cL PERS CBMM, Worldwide Sup- 
plier of Ferroniobium and Pyrochlore Concentrate. 

191, March 1976, pp. 31-33. 

11 Engineering and Mining Journal. Brazil. V. 177, No. 3, 
March 1976, p. 136. 

12Tantalum Producers International Study Center (TIC). 
The Tantalum Resources of Brazil. Quart. Bull. No. 9, 
February 1977, p. 2. 
91 Week. Insider Report. V. 47, No. 48, Nov. 29, 

P 

14The Northern Miner. Officials Seek To Unravel the 
Tangled Affairs and Raise Funds for International 
Chemalloy. V. 62, No. 35, Nov. 11, 1976. p. 21. 

15The Northern Miner. MDC Considers Purchase Tanco 
Shares. V. 62, No. 18, June 10, 1976, pp. 1, 11. 

1¢The Northern Miner. St. Lawrence Columbium Lining 
Up Support. V. 62, No. 46, Jan. 27, 1977, p. 1. 
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optimum operating capacity. 

Germany, West. — Patents owned by Her- 
man C. Starck on an economical process for 
recovering tantalum from low-grade slags 
could give its U.S. affiliate NRC Inc. an 
advantage in the world tantalum market. 
This could be significant if reserves of 
tantalite ore become scarce after 1980. 

Japan.—Mitsui Mining and Smelting 
Corp. was scheduled to start production of 
tantalum metal powder early in 1977. Mit- 
sui purchased equipment and technology 
from Shinetsu Chemical Industry, which 


MINERALS YEARBOOK, 1976 


stopped producing tantalum metal powder 
in May 1976. Tantalum concentrates will be 
purchased by Mitsui from Australia, and 
tantalum slags, from Thailand and Malay- 
sia. The company produced tantalum oxide 
in a plant rated at 7 tons per month in 
1976.1* 


17The Northern Miner. Teck Earnings Pickup in Last 
Half To Overcome Tax and Royalty Bite. V. 62, No. 12, 
June 3, 1976, pp. 1, 11. 

18Metal Bulletin (London). Mitsui Into Ta. No. 6132, Oct. 
8, 1976, p. 25. 


Table 12.— Columbium and tantalum: World production of 
mineral concentrates by country! 


(Thousand pounds) 
Country? Gross weight? Columbium content* Tantalum content* 
n 1974 1975 19767 1574 1575 19767 1974 1975 1976 
Argentina: 
Columbite ________ το τ 4g e2 51 e ει 1 ey e 
Tantalite _ _ ` 1 el 5] (6) e(6) e(6) 51 e1 +) 
Australia: Columbite- 
h tantalite 238 7291 280 1740 29 €70 τοῦ 95 *90 
razil: 
Columbite-tantalite 203 220 276 47 42 62 75 65 81 
ον ο avs fas, m 39,414 21,466 *39,665 716, 138 "8708 216, O77 — "S ics 
ada: 
Pyrochlore _ -... reg500 Το e7 500 52959 52560 52,560 RE ΕΒ -- 
Tantalite r 820 740 770 499 *30 *31 5360 5325 *330 
Malaysia: Colombite- 
tantalite ......... .. 1205 110 101 "70 89 48 T22 17 12 
Mozambique 
Tantalite _ _ . 1101 101 «100 130 13 519 T28 45 645 
X Microlite .. T137 97 *100 5 4 4 175 53 550 
ria: 
Columbite 2, 631 2,183 1,433 1,121 960 631 147 144 82 
Tantalite________- 1 3 e2 (6) 1 1 ($) 5] 5] 
Portugal: Tantalite _ _ 20 24 11 5 6 8 5 6 8 
Rhodesia: Columbite- 
tantalitee _ _ _ _ 90 90 90 17 10 10 27 25 25 
Rwanda: Columbite- 
tantalite__.________ 1165 103 100 150 29 29 141 23 24 
South Africa, 
Republic of: Tantalite 1 E == ($) c xm (6) .. = 
Thailand: 
Columbite ________ T22 15 °15 r6 4 54 14 3 59 
Tantalite 1181 227 e220 134 54 *60 T49 54 *60 
Uganda: Columbite- 
tantalite° _________ 8 5 5 "2 1 1 12 1 1 
Zaire: Columbite- 
tantalite 140 176 174 740 47 48 35 48 46 
Total. .— e 152,880 33,354 50,845 720,597 12,533 19.648 1962 907 855 


*Estimate. Preliminary. Revised. 

1Excludes columbium and tantalum- bearing tin concentrates and slag. 

3In addition to the countries listed, Burundi, Spain, the Territory of South-West Africa, the U.S.S.R. and Zambia also 
produced or are believed to produce columbium and tantalum mineral concentrates, but information is unavailable to 
make adequate estimates of output levels. 

Data on gross weight generally has been 


tantalite, p 
tantalite where it is not. 


ted as reported in sources, divided into concentrates of columbite, 


hlore, and microlite where information is available to do so, and reported in groups such as columbite- 


*Unless otherwise specified, content is estimated on the basis of the content reported for United States imports from 
the country in question. Estimates specifically marked as estimates are based on an estimated gross weight. 
SContent calculated in terms of metal from data reported in source publication in terms of contained pentoxide. 


61995 than 1/2 unit. 
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TECHNOLOGY 


High-purity single crystals of tantalum 
were deformed under tension and compres- 
sion at 4.2 kelvin in order to determine the 
type of deformation that occurred. In ten- 
sion the principal mode of deformation of 
pure tantalum was slip, whereas in com- 
pression it was twinning. The addition of up 
to 4% rhenium to the tantalum eliminated 
twinning at 77 kelvin and facilitated slip 
deformation at 4.2 kelvin for certain crystal 
orientations. i 

Preparation of hafnium-tantalum alloys 
containing 40% to 50% tantalum, by direct 
reaction between hafnium carbide and tan- 
talum oxide was studied. Several pelletized 
samples of different oxygen-to-carbon ratios 
were sintered in a vacuum induction fur- 
nace for 2 hours at 1,650° C and at 2,000° C. 
After sintering the pellets were heated in 
an electron beam furnace at from 1 to 2.7 
kilowatts of power for a period of 2 to 3 
hours. Analysis and hardness values of the 
hafnium-tantalum alloys established the 
feasibility of preparing the alloys under 
vacuum by this method.”° 

The tantalum-hydride system was studied 
for various concentrations of hydrogen by 
resistivity measurements of tantalum wires 
doped with hydrogen. Results indicated the 
formation of a phase transformation on 
cooling below 149 kelvin, 156 kelvin, and 
189 kelvin for three different ratios of 
hydrogen to tantalum of 0.25%, 0.40% and 
1.4%, respectively.?! 

The discovery of a new mineral, olmstead- 
ite, containing columbium and tantalum 
was reported. It occurs as deep brown to 
black prismatic crystals at the Hesnard and 
Big Chief pegmatites, Black Hills, S.Dak.?? 

The crystal structure of columbium hy- 
dride (CbH) was studied for its potential 
application to fusion-reactor technology. 
Two beta-phase precipitations of the CbH 
system were found. These consisted of den- 
dritic crystals at high supersaturations of 
hydrogen and crystal plates at low super- 
saturations. The domain configuration of 
the beta-phase was given as an orthorhom- 
bic unit cell and multiple twinning inter- 
secting the a axis and parallel to the b and c 
axes (100), during beta-growth.?: 

A similar study showed that the morpho- 
logy of the beta-phase of columbium hydride 


depended on the cooling rate and on the 
degree of undercooling. The volume change 
caused by hydride precipitation resulted in 
plastic deformation of the matrix. Elastic 
and plastic adjustment for change in vol- 
ume had a major effect on the equilibrium 
of the beta and alpha phases.** 

Α new type of ductile superconducting 
material was formed by incorporating 10% 
of columbium in a ductile metal, such as 
copper containing about 1% tin. The new 
material was formed into a copper base 
alloy with a small quantity of supercon- 
ducting filaments in the matrix. The cost 
was reported to be not much more than 
ordinary copper wire. 

Several U.S. patents were issued in 1976 
for the recovery of columbium and tanta- 
lum from low-grade raw materials. 


19Shields, J. A., S. H. Goods, R. Gibala, and T. E. 
Mitchell. Deformation of High-Purity Tantalum Single 
SIMA M at 4.2 K. Mater. Sci. and Eng.. v. 20, 1975, pp. 


20 Journal of the Less-Common Metals. The Preparation 
of Hafnium-Tantalum Alloy by Carbide-Oxide Reaction. V. 
50, 1976, pp. 245-251. 

21Verdini, L. A Resistometric Study of the Tantalum- 
Hydrogen System. mmon Met., v. 49, September- 
October 1976, pp. 329-339. 

22Moore, P. B., T. Araki, A. R. Kampf, and I. M. Steele. 
Olmsteadite, KaFes(2 + (Nb,Ta45 + O«(H3OX(PO4)4), a 
New Species, Its Crystal Structure and Relation to Vauxite 
m Montgomeryite. Am. Mineral., v. 61, Nos. 1-2, 1976, pp. 


Schober, T., and V. A. Linke. Metallographic Study of 
the Niobium- -Hydrogen System. Part I. Beta-Phase Room 
Temperature Morphologies. J. Less-Common Met., v. 44, 
1976, pp. 63-76. 

**Birnbaum, H. K., M. L. Groesbeck, and M. Amano. 
Hydride Precipitation i in Nb and Some Properties of NbH. 

. Less-Common Met., v. 49, 1976, pp. 357-370. 

25Industry Week. Emerging Technologies. V. 187, No. 10, 
Dec. 8, 1975, P 26. 

26Me n (assigned to Herman C. Starck, Berlin). 
Method for Upgrading the Concentration of Columbium or 
Tantalum in Tin Slag or Other Ore Smelter Slags or 
Residues. U.S. Pat. 3, 0 GA 3, 1976. 

Fey, M. G., and E. A. Dan cy (assigned to Westinghouse 
Electric Corp.). Direct Production of Molybdenum, Tung- 
sten, Columbium, or Tantalum Powder in an Arc Heated 
Plasma Gas. U.S. Pat. 3,989,511, Nov. 2, 1976. 

Charlot, G. (assigned to Ste. Française d'Electro- 
metallurgie) Extraction of Columbium, Rare Earths, 
A im From Pyrochlore. U.S. Pat. 3,947,542, Mar. 

Bowerman, P. D. (assigned to Kerr-McGee Chemical 
Corp.). Extraction of Columbium Values From a Solution 
Obtained by Leaching With 8 Acid Ilmenite or 
Other Ore Containing Titanium, Vanadium, and Colum- 
bium. U.S. Pat. 3915, 95, Aug. 17, 1976. 

Markland, S. A. (assigned to Atomenergikommissionen). 
Recovery and Separation of Tantalum and/or Columbium 
Values From an Impure Solution Produced by lug 24 1096 
Ore With Sulfuric Acid. U.S. Pat. 3,876,475, Aug. 24 un 

Brandstatter, G. (assigned to Ontario Resea 
Foundation) Recovery of Carbides of 8 Che. 
mium, Vanadium, Columbium, Molybdenum, Tungsten or 
Other Metals From Iron-Bearing Oxide, Hydroxide, or 
Carbonate Ores Thereof. U.S. Pat. 3,999,981, Dec. 28, 1976. 
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Copper 


By Harold J. Schroeder i and George J. Coakley ' 


- In 1976 world mine production of copper 
recovered from the decline of 1975 with a 
T% increase to a record high output of 8.2 
million tons. The United States continued 
to lead the world in mine production with 
20% of the total, followed by Chile, the 
U. S. S. R., Canada, Zambia, Zaire, and Po- 


land. Improvement in demand during the 
first half of the year, concern over disrup- 
tion of transport systems used by central 
African producers, and speculative buying 
of copper contributed to an advance in the 


! Physical scientist, Division of Nonferrous Metals. 


Table 1.—Salient copper statistics 


1972 1973 1974 1975 1976 
United States: 
Ore produced thousand short tons. _ 266,831 289,998 293,448 263,008 283,736 
Average yield of copper percent. 0 0.53 0.47 0.51 
Primary (new) copper produced 
From domestic ores, as 
reported by— 
"Mines pu a RM short tons_ _ 1,664,840 1,717,940 1,597,002 1,413,366 1.605, 586 
τ T ousands_ _ $1,704,796 22,044,349 $2,468,964 $1,814,763 $2,234,975 
Smelters __________-_- short tons 1,649,130 1,705,065 1,532,066 874, 1,461,256 
Percent of world total 22 22 19 18 18 
Refinerie___ _ _ _ _ ........ short tons 1,680,412 1,098,337 . 1,420,905 1,286,189 1,422,723 
From foreign ores, matte, ; 
etc., as reported by 
refineries ________________ do— 192,821 170,151 233,153 157,189 116,585 
Total new refined, x | 
domestic and foreign ~- ------- do- 1.873, 233 1,868,488 1,654,658 1,443,378 1.539, 308 
Secondary copper recovered 
from old scrap only 5 do____ 458,194 486,214 483,432 369,173 419,126 
lic copper - ----------- do... 241,600 292,504 246,205 304,712 218,260 
ed. iei 8 do... 182,743 189,396 126,526 172,426 111,887 
Imports, general 
nmanufactured - - - ---------- do_ _ _ _ 415,611 420,513 608,602 824,126 534,713 
CCC do 192,379 202,955 313,569 146,805 381,524 
Stocks Dec. 31: Producers 
fined- EE do... 57,000 37,000 101,000 207,000 190,000 
Blister and materials in 
solution do 281,000 265,000 324,000 312,000 321,000 
TITRE TORTE do- 838,000 302,000 425,000 519,000 511,000 
Consumption: 
Refined copper, do... 2,238,867 2,437,048 2, 194, 168 1,534,508 1,991,885 
Apparent consumption, i 
FFC do- 1,901,000 1,902,000 1,778,000 1912000 1,826,000 
: Apparent consumption, 
ary and old copper 
EN scrap only do— 2,359,000 2,388,000 2,261,000 1,681,000 2., 242, 000 
Weighted average, cents per 
ie ie ZS Zum T8 51.2 59.5 77.3 64.2 69.6 
World: 
Production 
Mine short tons 7,321,950 7,844,901 8, 047,959 17,671,661 8, 212,779 
Smelter—rrkk „ do_ _ __ 7,404,601 7,878,480 8, 067,651 7, 792,556 3, 163,968 
Price: London, average cents per 
pound. an k v ELE 48.53 80.86 93.13 56.08 63.92 
Revised. 
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price of copper on the London Metal Ex- 
change (LME) from 54 cents per pound for 
January to 75 cents for July. A slowdown in 
demand and a buildup in world refined 
copper stocks to record high levels during 
the second half of the year resulted in a 
downtrend in prices to an average 58 cents 
for December. 

In the United States, mine, smelter, and 
refinery outputs of copper, consumption of 
copper, and net imports of copper were all 
substantially larger when compared with 
1975, but, except for mine production, were 
still below 1974 levels. The supply of refined 
copper from domestic production and net 
imports exceeded consumption and resulted 
in a substantial combined increase for pro- 
ducer, consumer, and exchange warehouse 
Stocks. Producer prices in the United States 
approximated the LME pattern with in- 
creases in March, April, and July totaling 
11 cents, followed by cuts of 4 cents in 
October and 5 cents in December to a 
quotation of 65 cents per pound for refined 
cathode copper. 

Legislation and Government Pro- 
grams.—The Federal Preparedness Agency 
(FPA) completed an interagency study of 
stockpile policy and procedures during 1976 
and on October 1 announced new stockpile 
goals, including a goal of 1,299,000 tons for 
refined copper. Disposal of nearly 252,000 
tons of copper from the stockpile in 1974 
had reduced the inventory to only 489 tons 
which was disposed of by August 1976. 
Initial purchases against the new goal have 
not been scheduled. However, 20,261 tons 
from the previous stockpile that remained 
unused from transfers to other Government 
agencies was transferred back into the new 
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stockpile. 

The U.S. Department of Commerce a- 
mended Schedule A of Defense Materials 
System Order 4, effective November 1, to. 
revise the base period and the set-aside 
percentages for copper-controlled materials. 
The amendment changes the base period 
from calendar year 1971 to calendar year 
1975 and the set-aside percentages from 9% 
to 7% on unalloyed rod, bar, shapes, and 
wire; from 4% to 2% on alloyed plate, sheet, 
strip, and rolls; from 10% to 2% on alloyed 
rod, bar, shapes, and wire; and on alloyed 
tube for which no reserve space was pre- 
viously required, a 10% set-aside was estab- 
lished. 


Import duties on copper ores, concen- 
trates, blister, and refined copper remained 
at 0.8 cent per pound. The duty remained 
suspended on copper and copper-base scrap 
through June 1978. 

The Generalized System of Tariff Prefer- 
ences (GSP) was implemented January 1, 
1976, in accordance with Title V of the 
Trade Act of 1974. The system consists of 
duty-free treatment for a period up to 10 
years, on a wide range of designated articles 
imported directly from any developing 
country designated as a beneficiary devel- 
oping country (BDC). All copper items im- 
ported from BDC’s have been granted GSP 
status. There are a number of limitations to 
the program such as the provision that a 
country does not receive GSP coverage if 
the imports of a particular article from that 
country exceed 50% by value or more than 
$25 million of the particular item during 
the previous calendar year. This provision 
is reviewed every year for possible changes. 


DOMESTIC PRODUCTION 


PRIMARY COPPER 


Mine Production.—Domestic mine pro- 
duction of recoverable copper was 1.61 mil- 
lion tons, a 14% increase from 1975. Princi- 
pal copper producing States were Arizona, 
with 63.8% of the total, Utah (11.6%), New 
Mexico (10.7%), Montana (5.7%), Nevada 
(3.6%), and Michigan (2.7%). These States 
accounted for 98.1% of total production. In 
the latter part of the year, output was 
curtailed at a number of operating proper- 
ties as an adjustment to a growing im- 


balance of new supplies to demand. 

Open pit mines accounted for 84% of 
mine output, and underground mines ac- 
counted for 16%. The production of cop- 
per from dump and in-place leaching, main- 
ly recovered by precipitation with iron, was 
126,144 tons or 8% of mine output. Total 
mine production of copper recovered by 
leaching methods was 282,501 tons, of which 
207,309 tons was precipitated with iron and 
75,192 tons was electrowon. 

Duval Corp., a subsidiary of Pennzoil Co., 
operated the Sierrita, the Esperanza, and 
the Mineral Park copper-molybdenum open 
pit mines in Arizona and the Copper Can- 
yon open pit copper mine in Nevada. Sales 
of copper in the form of concentrates and 
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Figure 1.—Sources of copper supply for United States copper consumption. 


precipitates from these four operations to- 
taled 100,680 tons compared with 156,608 
tons in 1975. 

The Anaconda Company produced 91,259 
tons of copper at the Berkeley pit at Butte, 
Mont., compared with the reduced output of 
75,030 tons in 1975. Output of copper from 
the Yerington mine at Weed Heights, Nev., 
and the Victoria mine near Ely, Nev., total- 
ed 36,920 tons compared with 41,190 tons in 
1975. A major underground copper mine, 
the Carr Fork project in the Bingham 
district of Utah, was under development 
with completion scheduled for 1979. The 
initial rate of production was planned to be 
48,000 tons per year with an increase to 
65,000 tons 3 years later. 

Anamax Mining Co., a joint venture of 
The Anaconda Company and AMAX Inc., 
operated the Twin Buttes, Ariz., open pit 
mine and produced 247,825 tons of copper 
concentrates from processing sulfide ore 
and 28,962 tons of electrowon refined copper 
from processing oxide ores. The 40,000-ton- 
per-day sulfide mill resumed operation in 
January after a 10-month shutdown. The 
10,000-ton-per-day oxide ore leach-elec- 
trowinning plant had its first full year of 
operation. 

Anamax and ASARCO Incorporated en- 
tered into a partnership known as the 


Eisenhower Mining Co. to develop the Palo- 
Verde copper deposit, which is 6 miles from 
the Twin Buttes operation and between two 
ASARCO operations. Stripping of overbur- 
den from the deposit, which is estimated to 
contain 125 million tons of ore averaging 
0.6% copper, began in the third quarter. 
Kennecott Copper Corp. operated mines 
in Arizona, Nevada, New Mexico, and Utah; 
these mines produced a combined total of 
346,427 tons of copper, a 20% increase from 
the 1975 output. The Utah Copper Div. 
accounted for 188,917 tons of the total 
followed by Chino Mines Div. (New Mexico) 
with 57,202 tons, the Ray Mines Div. (Arizo- 
na) with 88,089 tons, and the Nevada Mines 
Div. with 12,219 tons. Mining and milling 
operations were suspended early in 1976 at 


the Nevada operations because of high op- 


erating costs and closure of an associated 
smelter pending resolution of disagree- 
ments on required pollution control facili- 
ties. Development work on a potential cop- 
per deposit beneath the perimeter of the 
Utah Copper Div.'s Bingham Canyon open 
pit mine continued during 1976. A contract 
was awarded for the erection of surface 
ancillary facilities which will allow sinking 
of a shaft during 1977. An environmental 
impact statement for development of a cop- 
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per mine near Ladysmith, Wis. was found to 
be adequate and in compliance with State 
requirements. Delays anticipated in obtain- 
ing permits and meeting other obstacles 
will probably defer the startup of the pro- 
ject until at least 1980. Plans call for an 
initial annual production of 11,000 tons of 
copper in concentrates. Engineering plans 
progressed during 1976 in anticipation of 
possible expansion of productive capacity at 
Chino Mines Div. and Ray Mines Div. 

ASARCO operated three copper mines in 
the vicinity of Tucson, Ariz. The Mission 
and Silver Bell units, in response to a weak- 
market situation, were operated on a re- 
duced schedule from mid-1975 until August 
1976, when they were restored to normal 
production rates. Outputs at the two units 
were 35,200 tons and 22,300 tons of copper 
in concentrates and precipitates compared 
with 26,900 tons and 18,300 tons in 1975. 
The San Xavier mine and leach plant oper- 
ated at normal levels throughout the year 
and produced 11,400 tons of copper in pre- 
cipitates. The Sacaton open pit mine and 
mill near Casa Grande, Ariz. produced 
22,000 tons of copper in concentrates. Devel- 
opment work for the mining of a deeper ore 
body by underground block-caving methods 
was suspended in 1976 because of low cop- 
per prices and high capital costs, but the 
project was scheduled for reactivation in 
the first quarter of 1977. 

Mines of the Phelps Dodge Corp. pro- 
duced a record high 331,000 tons of copper 
in 1976. Production at the Metcalf mine 
near Morenci, Ariz., which began operation 
in 1975, produced 52,700 tons of copper in 
concentrates. Output in concentrates at Mo- 
renci, Ariz.; Ajo, Ariz.; and Tyrone, N. Mex., 
were 104,500 tons, 50,200 tons, and 87,400 
tons, respectively. Leaching of waste dumps 
and tailings and other miscellaneous 
sources contributed 36,100 tons of copper. 
Underground development work continued 
at Safford, Ariz., toward eventual mining of 
a deep ore body containing an estimated 400 
million tons of ore with an average grade of 
0.72% copper. However, no decision was 
made on when to bring this property into 
production. 

Cities Service Co. operated mines in Ari- 
zona and Tennessee that produced 86,600 
tons of copper compared with 46,900 tons in 
1975. The increased output reflected an 
achievement during the second full year of 
operation of the Pinto Valley open pit mine 
and mill facilities near Miami, Ariz., of an 
operating rate 6% above the design capacity 
of 40,000 tons of ore per day. À program to 
expand production to 50,000 tons per day is 
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planned for completion in 1978. A solvent 
extraction-electrowinning plant replaced 
the leach-precipitation plant at the Miami 
mine in midyear. Startup of the under- 
ground Miami-East mine, originally sched- 
uled for 1976, was postponed because of 
escalated costs and adverse market condi- 
tions. 

The White Pine, Mich. operations of 
White Pine Copper Co. in response to 
continued depressed business conditions in 
the copper industry and as part of a plan to 
conserve cash and reduce expenditures, cur- 
tailed mine operations during the year to an 
average 43.2% of design capacity. Selective 
mining resulted in an average 1.388% copper 
ore grade compared with 1.0196 in 1915, and 
the mill achieved a recovery rate of 87.8% 
compared with 85.6% in 1975. The smelter 
operated with only one of the two reverber- 
atory furnaces and produced 45,912 tons of 
refined copper. 

Magma Copper Co. operated two under- 
ground copper mines in Arizona with a 
combined output of 145,000 tons of copper 
compared with 139,000 tons in 1975. The 
San Manuel mine was operated at a.curtail- 
ed level during both 1975 and 1976. At the 
smaller Superior mine, production was 
maintained at full capacity. 

Inspiration Consolidated Copper Co. op- 
erated the Thornton, Live Oak, Red Hill, 
and Joe Bush open pit copper mines in the 
vicinity of Inspiration, Ariz; 8.8 million 
tons of waste and 4.6 million tons of ore 
were mined for a combined 13.4 million tons 
of material handled. Approximately 4.4 mil- 
lion tons of the ore was treated in the 
concentrator with part of the concentrator 
feed first processed in leaching tanks to 
recover acid-soluble copper. The combined 
production from in-plant processed ore in 
the form of concentrates, precipitates, and 
electrowon cathodes was 25,586 tons of cop- 
per. Waste dump leaching of mined mate- 
rial, too low in copper content for in-plant 
treatment, yielded an additional 10,339 tons 
of copper. At the Ox Hide mine, 2.2 million 


tons of ore was mined for heap leaching 


dumps and 3,968 tons of copper was recov- 
ered in the form of precipitates. At the 
Christmas open pit mine, southeast of Mi- 
ami, Ariz, output was 6,971 tons from 
processing 1.6 million tons of ore and re- 
moval of 4.8 million tons of waste. Total 
mine production from all operating mines 
was 48,864 tons of copper compared with 
55,815 tons in 1975. f 

The Cyprus Pima Mining Co. operated 
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the open pit Pima mine near Tucson, Ariz., 
milling 19.6 million tons of ore averaging 
0.47% copper. Proven ore reserve at year- 
end was estimated to be sufficient to sustain 
the operation for about 8 years at the 1976 
production rate. Cyprus Bagdad Copper Co. 
at its Bagdad, Ariz, property mined 2.0 
million tons of sulfide ore averaging 0.60% 
copper. In addition 7,600 tons of cathode 
copper produced by a leach-electrowinning 
process were sold. Progress continued on a 
major mine-mill expansion program design- 
ed to handle 40,000 tons of ore per day with 
initial production using the new facilities 
scheduled for September 1977. Ore reserves 
at yearend were nearly 300 million tons of 
proven ore averaging 0.4996 copper. Explor- 
atory drilling during the year indicated the 
probability of additional reserves. The Cy- 
prus Bruce Copper and Zinc Co. operated its 
underground copper-zinc mine near Bag- 
dad, Ariz., and mined 90,300 tons of ore 
grading 3.5% copper and 13.0% zinc. Ore 


reserves at yearend were 127,600 minable 


tons, sufficient for only a little more than 1 
year’s operation. The Cyprus Johnson Cop- 
per Co. mined 1.8 million tons of oxide- 
copper ore from a deposit near Johnson, 
Ariz., in the first full year of operation. The 
ore contained 0.418% acid-soluble copper 
and was treated by a leach-electrowinnning 
process to produce refined copper cathodes. 
Reserves of oxide-copper ore with 0.50% 
acid-soluble copper were estimated to be 
sufficient for at least 8 years of operation at 
the 1976 rate of production. 

Ranchers Exploration and Development 
Corp. produced in excess of 8,000 tons of 
copper cathodes-a record high-by a leaching- 
solvent extraction-electrowinning process 
at its Bluebird mine near Miami, Ariz. The 
in situ leaching operation at the Old Re- 
liable deposit near Manuel, 
Ariz., and the leaching operation at the Big 
Mike mine near Winnemucca, Nev., were 
on standby throughout 1976, awaiting more 
favorable marketing conditions. 

Hecla Mining Co. in a joint venture with 
El Paso Natural Gas Co, completed mine 
development and plant construction at the 
Lakeshore copper mine south of Casa 
Grande, Ariz., and placed the project in 
operational status on April 1. The plant was 
designed to mill 11,000 tons per day of 
sulfide ore with the concentrate treated by 
roasting, leaching, and electrowinning to 
produce 30,000 tons per year of refined 
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cathode copper. The roasting operation will 
produce 200 tons per day of sulfuric acid for 
use in a 6,000-ton-per-day vat leaching plant 
to process oxide ore. The leach plant design 
capacity was 35,000 tons of copper per year 
in the form of precipitate copper. Mine 
output for 1976 was 8,215 tons as refined 
copper and 11,405 tons as copper in precipi- 
tates. An additional 8,758 tons of refined 
copper was produced from processing 
purchased concentrates. 

UV Industries, Inc., operated the Conti- 
nenta] mine near Bayard, N. Mex., mining 
668,435 tons of ore with an average copper 
assay of 1.66% from underground oper- 
ations and 1,650,352 tons of ore with an 
average copper assay of 0.8396 from open pit 
operations. Concentrates produced from 
milling the ore totaled 88,862 tons with an 
average copper content of 26%. Estimated 
reserves at yearend were 18.8 million tons 
averaging 0.88% copper suitable for open 
pit mining and 18.9 million tons averaging 
1.96% copper suitable for underground 


mining. 

' Smelter Production.—Output of copper 
at primary smelters in the United States 
was 1.59 million tons, a 696 increase from 
production of the preceding year 

ASARCO completed and placed in oper- 
ation a new baghouse to filter gases from 
the metallic arsenic plant at its Tacoma, 
Wash., smelter. Major repairs and modifica- 
tions were made to the sulfuric acid plant 
originally built in 1971 at the Hayden, Ariz., 
smelter. The acid plant, together with the 
air monitoring system installed in 1975, 
enabled the plant to qualify for a condition- 
al operating permit from State authorities. 
At El Paso, Tex., work began on the first 
phase of a comprehensive modernization 
and quality control program designed to 
bring both the copper and lead smelters into 
compliance with governmental standards. 
The initial work will improve fugitive emis- 
sions at ground level by enclosing complete- 
ly and ventilating the building housing the 
converter furnaces. 

Kennecott closed its McGill, Nev., smelter 
on August 1 as a result of a rejection by the 
Environmental Protection Agency (EPA) of 
the company's plans for meeting emission 
standards. À court ruling late in the year 
supported the company's position and plans 
were to reopen the smelter early in 1977. At 
the Garfield, Utah, smelter, work was well 
advanced on an extensive construction pro- 
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ject for improved environmental controls to 
be partly phased into operation in 1977. 
Included in the project will be the replace- 
ment of existing reverberatory furnaces and 
converters with a continuous smelting- 
converting unit and also construction of an 
additional sulfuric acid plant. 

Phelps Dodge began operation of a new 
copper smelter in Hidalgo County, N. Mex. 
Cost of the smelter project, including a 
townsite and a 36-mile industrial railroad, 
was placed at $268 million. It is the first 
smelter in the United States to utilize the 
flash smelting process. Initially the facility 
has the capacity to treat about 1,400 tons of 
concentrates daily, equivalent to about 
100,000 tons of anode copper annually. In 
accord with an agreement to smelt concen- 
trates from the Bagdad, Ariz., operation of 
Cyprus Mines Corp. beginning in 1978, 
additional construction to increase the 
smelter capacity was underway. 

San Manual smelter operations of Mag- 
ma Copper Co. were adversely affected dur- 
ing the fourth quarter by an unusually high 
number of intermittent curtailments re- 
quired for air pollution control during 
atmospheric inversions. The intermittent 
cooling and reheating resulted in deterior- 
ation in the physical condition of the fur- 
naces and consequently lower efficiency and 
throughput. Operating practices were being 
developed to reduce the frequency and 


Copper sulfate production decreased to 
92,122 tons, and was the smallest quantity 
since 1935. Production exceeded shipments 
plus consumption by producing companies 
by 1,691 tons and ending stocks of 8,557 tons 
were the highest yearend levels since 1970. 
Of the total 30,481 tons shipped, producers 
reports indicated that 13,479 tons was for 
agricultural uses, 16,710 tons was for in- 
dustrial uses, and 242 tons was for other 
uses. 
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severity of such curtailments. 

Refined Production.—In 1976 producidos 
of refined copper from primary materials 
increased 796 to 1.54 million tons, a partial 
recovery from the low output of 1975. Refin- 
ed copper produced from scrap was 375,150 
tons compared with 344,500 tons in 1915. 
Total production of refined copper in the 
United States was 1.91 million tons derived 
80% from primary and 20% from scrap 
sources. 

Α new refinery of ASARCO at Amarillo, 
Tex., rated at 420,000 tons of annual copper 
capacity was operated for the first full year. 
This refinery replaced the company's Balti- 
more refinery, closed in 1975 and the Perth 
Amboy, N. J., refinery closed in 1976. | 

Kennecott completed an expansion pro- 
ject at the Ray Mines Div. (Arizona) to 
increase the silicate copper leaching - 
electrowinning plant by 40%. Overall per- 
formance of the new plant exceeded design 
projections. 

As described in detail under mine pro- 
duction projects, associated copper electro- 
winning units were placed in operation 
during the year by Hecla Mining Co. and 
Cities Service Co. 

Copper Sulfate.—Copper sulfate was pro- 
duced from electrolytic tankhouse solutions, 
blister copper, and secondary metal by com- 
panies with plants located as follows: 


Plant location 


Byproduct Sulfuric Acid.—Sulfuric acid 
was produced at 14 copper smelters from 
the sulfur contained in offgases, and output 
increased for the ninth consecutive year 
from 1,784,700 tons to a record 2,281,600 
tons on a 10060 acid basis. New sulfuric acid 
plants were brought into production at the 
Hidalgo County, N. Mex., smelter and the 
new Casa Grande, Ariz, roasting-elec- 
trowinning plant. 


COPPER 


SECONDARY COPPER AND BRASS 


Domestic recovery of copper in all forms 
from all classes of purchased scrap totaled 
1.15 million tons in 1976, an 18% increase 
from the 1975 total. Recovery from copper- 
base scrap advanced from 0.95 million tons 
to 1.11 million tons. Brass mills accounted 
for 4796 of the recovered copper, primary 
producers for 2696, and secondary smelters 
for 22%. The remaining 5% was reclaimed 
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at chemical plants, foundries, and manu- 
facturers. 

Consumption of purchased copper-base 
scrap in 1976 was 1.51 million tons consist- 
ing of 62% new scrap and 38% old scrap. Of 
the major categories of copper and copper- 
alloy products derived from scrap, the out- 
put of unalloyed copper, brass mill pro- 
ducts, and brass and bronze ingots were 
390,700 tons, 649,700 tons, and 228,700 tons. 


CONSUMPTION 


Consumption of refined copper increased 
substantially during the year from that of 
1975, with peak consumption levels reached 
during the second quarter of 1976. Total 
consumption for the year was 2.0 million 
tons, an increase of 30% from 1975 but 9% 
below 1974. Wire mills accounted for 68% of 


refined copper consumption, brass mills 
accounted for 29%, and all other categories 
accounted for the remaining 3%. 

Apparent withdrawals of primary refined 
copper on domestic account was 1.82 million 
tons compared with 1.31 million tons in 
1975. 


STOCKS 


Stocks of refined copper at primary pro- 
ducers were 207,000 tons at the start of the 
year, increased to 216,500 tons by the end of 
April, decreased to 164,200 tons by August, 
then were built up to 190,000 tons by 
yearend. At wire rod mills, brass mills, 
other refined copper consumers, and sec- 


ondary smelters yearend refined copper 
stocks of 157,000 tons were slightly higher 
than at the start of the year. Refined copper 
stocks reported by the New York Commod- 
ity Exchange (COMEX) rose from 100,000 to 
201,000 tons. 


PRICES 


Prices on the LME increased from a 
monthly average of 54.1 cents per pound for 
January to 74.7 cents in July, and then 
declined to 58.4 cents in December. The 
average LME price for 1976 was 63.9 cents 
compared with 56.1 cents in 1975. 

Producer prices in the United States 
approximated the LME pattern with in- 
creases of 3 cents in March, 4 cents in April, 


and 4 cents in July, followed by cuts of 4 
cents in October and 5 cents in December to 
a quotation of 65 cents per pound for refined 
cathode copper. Electrolytic wirebar quot- 
ations were 0.625 cent above the quotations 
for cathode copper. Average quoted prices 
for electrolytic wirebar copper was 69.6 
cents compared with 64.2 cents for 1975. 


FOREIGN TRADE 


Net imports of copper were a relatively 
large supply component in 1976 as imports 
of unmanufactured copper, excluding alloy- 


ed copper scrap, were 534,700 tons compar- 
ed with 324,100 tons in 1975, while exports 
decreased trom 233,900 to 172,000 tons. The 
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largest trade category, refined copper, in- 
creased from 146,800 tons to 381,500 tons for 
imports, while exports declined from 
172,400 tons to 111,900 tons. Canada sup- 
plied 2950 of the total imports, followed by 
Zambia with 24% and Chile with 19%. 
Imports of blister copper were 44,500 tons 
compared with 89,000 tons in 1975. The 
other import categories of ore, concentrates, 
matte, and unalloyed copper scrap totaled 
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108,700 tons and the other export categories 
of ore, concentrates, matte, blister, unalloy- 
ed scrap, and ash and residues totaled 
60,200 tons. 

Exports of alloyed copper scrap, in gross 
weight, were 76,700 tons compared with 
99,200 tons in 1975. Imports of alloyed 
copper scrap were 14,600 tons, gross weight, 
or 9,600 tons copper content. 


WORLD REVIEW 


World mine production of copper increas- 
ed Τσο to 8.21 million tons in 1976. The 
United States continued to lead the world in 
mine production with 20% of the total, 
followed by Chile 13%, the U.S.S.R. 1196, 
Canada 10%, Zambia 10%, Zaire 6%, Po- 
land 4%, Philippines 3%, Australia 3%, 
Peru 3%, the Republic of South 8 3%, 
and Papua New Guinea 2%. 

World stocks of refined copper, as re- 
ported by the World Bureau of Metal Sta- 
tistics, continued to reflect oversupply con- 
ditions. Stocks grew to 1,843,000 tons by 
yearend, representing an increase of 9% 
over 1975. The reported stocks included 
producer, consumer, and merchant inven- 
tories of 623,000 tons (including 201,000 tons 
in COMEX warehouses) of refined copper in 
the United States, 283,000 tons in Japan, 
199,000 tons combined between France, 
West Germany, and the United Kingdom, 
plus 665,000 tons held in LME warehouses. 
The total reported world stock level, valued 
at $2.4 billion, represented the equivalent of 
a 3.1-month demand based on the average 
monthly world market economy consump- 
tion of refined copper of 590,000 tons in 
1976. | 

The major copper producing and con- 
suming countries held three meetings in 
1976 under the auspices of the United 
Nations Conference on Trade and Develop- 
ment (UNCTAD) to examine the causes of 
market instability and to consider possible 
ways to correct the problem. At the initial 
meeting in March, set up on an ad hoc basis 
at the request of the Conseil Intergouverne- 
mental des Pays Exportateurs de Cuivre 
(CIPEO), general support was given toward 
establishment of a permanent consultative 
body for copper to provide the means for 
further work on the problem. 

The direction of the subsequent copper 
meetings was strongly affected by Resolu- 
tion 93 IV, An Integrated Program for 


Commodities, issued at the UNCTAD IV 
meeting between the developed and devel- 
oping countries at Nairobi, Kenya, in May 
1976. Resolution 93 IV called for a cycle of 
preparatory meetings on 18 commodities, 
including copper, designed to explore possi- 
ble solutions to the problems of their mar- 
kets. Among items to be considered were 
the possible formation of commodity agree- 
ments involving the use of buffer stocks and 
the formation of an international Common 
Fund to finance commodity agreement op- 
erations. 

The September 1976 meeting in Geneva 
then became the first UNCTAD prepara- 
tory meeting on copper. It was decided to set 
up an Intergovernmental Expert Group on 
Copper (EGO) composed of representatives 
from countries with a significant interest 
in production, consumption, or trade in 
copper. The IEGC mandate called for the 
collection and examination of basic data on 
the industry and for consideration of possi- 
ble solutions to problems of the industry, 
including, among others, interim base-price 
contract measures and buffer stock agree- 
ments. The first formal meeting of the 
IEGC, held in Geneva in November, was 
mainly organizational with final agreement 
made on a list of studies to be carried out by 
individual members prior to a 2-week work- 
ing meeting in February 1977. 

In general, the three 1976 meetings delin- 
eated the complexities of the world copper 
market and highlighted the difficulties 
involved in reaching a workable solution to 
its problems. 

At the ninth annual Ministerial Confer- 
ence of CIPEC held at Santiago, Chile, in 
December 1976, continued concern was ex- 
pressed about the gravity of the world 
economic and monetary climate as it af- 
fected current world copper market prices 
and the future of new copper developments. 
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The Ministers voted to continue support of 
the UNCTAD producer-consumer dialogue 
seeking a solution to these problems. Αη 
extraordinary session was to be called in 
early 1977 to discuss possible interim meas- 
ures for stabilizing copper prices while 
awaiting agreement on other long term 
solutions. In other policy action, CIPEC 
announced that it would increase support to 
existing national copper development cen- 
ters. Support would include granting of 
interim financial assistance to help the 
centers defend markets and develop new 
copper uses. 

-~ Australia.—Mine production decreased 
195 to 239,680 tons, smelter production 
dropped 6% to 186,840 tons, and refinery 
output decreased 3% to 177,190 tons from 
1975. Mine and smelter production was 
down over 13% each from peak output 
levels of 1974. In response to requests from 
the depressed domestic copper industry, the 
Australian Government approved two ma- 
jor actions in 1976. The Industries Assist- 
ance Commission recommendation on as- 
sistance to the copper ore and concentrate 
industry was accepted, whereby, the Gov- 
ernment will guarantee repayment of prin- 
cipal and interest on commercial loans 
made by qualifying copper companies. 
These guarantees will apply to loans of 
companies which are judged viable under 
normal conditions but are taking a cash loss 
on current production. The size of the loan 
is designed to bring the companies to a cash 
break-even position from January 1, 1976, 
until June 30, 1977. In August 1976, under 
other governmental action, the Price Justi- 
fication Tribunal announced it will not 
impose an artificial ceiling price on copper 
sold in Australia by the market leader, 
Mount Isa Mines Ltd. (MIM). 

MIM Holdings Ltd., operated its copper- 
lead-zinc-silver mine and copper smelter at 
Mount Isa and a copper refinery at Towns- 
ville, Queensland. For the fiscal year ending 
June 30, 1976, MIM treated 4.77 million 
tons of copper ore grading 3.4% copper 
compared with 5.46 million tons grading 
3.2% copper in 1975. Blister copper output 
decreased 7% to 164,926 tons while pro- 
duction of refined copper dropped 9% to 
160,700 tons. Remaining copper ore reserves 
were estimated at 150 million tons of 3.21% 
copper. 

Mount Lyell Mining & Railway Co., Ltd., 
a subsidiary of Consolidated Gold 
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Fields Ltd., for the year ended June 30, 
1976, decreased production 1896 to 22,560 
tons of copper in concentrate from 2.44 
million tons of ore grading 1.09% copper 
mined and milled at its Queenstown, Tas- 
mania, operation. In December, in response 
to depressed copper prices, Mount Lyell 
announced plans to reduce production from 
24,250 tons per year to 16,500 tons. Resorves 
in all ore zones were estimated at 30 million 
tons of proven ore grading 1.4696 copper 
and 11.1 million tons of probable ore grad- 
ing 1.41% copper. 

Gunpowder Copper Ltd., owned 4896 by 
Consolidated Gold Fields and located 80 
miles north of Mt. Isa, operated at a loss for 
the year ending June 30, 1976, while in- 
creasing production 14% to 9,150 tons of 
contained copper. À development program 
will double capacity to 600,000 tons of ore 
annually by late 1978. Resorves at Gunpow- 
der's Mammoth mine stand at 8. 8 million 
tons grading 3% copper. 

Cobar Mines Pty., Ltd., fully owned by 
BH South Ltd., in the year ending June 30, 
1976, treated 655,240 tons of ore averaging 
1.996 copper producing 9,420 tons of copper 
contained in 36,930 tons of concentrates. 
Byproduct zinc and lead were also recover- 
ed. Production for the foreseeable future 
will be concentrated in more highly pro- 
ductive open stopes at a rate of 660,000 tons 
per year. Advance underground develop- 
ment work was suspended. 

Kanmantoo Mines Ltd., in Kanmantoo, 
South Australia, also held by BH South 
Ltd., decreased production for the fiscal 
year ending June 30, 1976, 596 to 7,098 tons 
of copper contained in 30,180 tons of concen- 
trates recovered from 916,700 tons of copper 
ore milled. Àn additional 800 tons of copper 
contained in concentrates was obtained 
from treatment of stockpiled oxide ore. 
Development work on an adjacent under- 
ground ore body was almost completed 
when the entire operation was placed on a 
care and maintenance basis on June 30, 
1976. Remaining reserves have been esti- 
mated at 8 million to 13 million tons of 196 
copper. | 
Peko-Wallsend Ltd., operated the copper- 
gold mine at Mount Morgan, Queensland, 
and the Tennant Creek copper-gold-bismuth 
mines in the Northern Territory. At the 
Tennant Creek operations, the suspension 
of all copper mining and smelting activities 
continued throughout the year. During 
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1975-76 fiscal year, Mount Morgan produc- 
ed 9,100 tons of contained copper in 1 
million tons of ore treated. Remaining re- 
serves were estimated at 330,000 tons grad- 
ing 0.90% copper. The smelter produced 
EY tons of blister copper, up 15% over 
1975. 

Botswana.—Bamangwato Concessions, 
Ltd. (BCL), operated the Pikwe open pit and 
underground nickel-copper mine and flash 
smelter. Development work on the Selebi 
underground ore body continued with start- 
up planned for January 1980. Production at 
Selebi must be phased in to offset the 
depletion of the open pit by July 1980. BCL 
overcame its prolonged startup problems 
and by yearend was operating at a near 
capacity rate of 1.3 million tons of ore and 
46,000 tons of matte annually. Proven and 
probable ore reserves as of December 31, 
1976, were estimated at 48.3 million tons 
grading 1.10% nickel and 1.20% copper. 

During the year, ore milled increased 
8196 to 2,292,600 tons grading 1.0796 nickel 
and 0.86% copper compared with 1,267,500 
tons grading 1.15% nickel and 0.94% copper 
in 1976. Production of a 75% to 80% copper- 
nickel matte nearly doubled from 18,200 to 
35,830 tons during the year. Matte pro- 
duction is shipped to AMAX's Port Nickel, 
La., plant for refining. Port Nickel received 
14,224 tons of imported matte from Bots- 
wana in 1976. 

Canada.—Mine production increased 2% 
in 1976 to 823,570 tons of recoverable cop- 
per. Smelter output decreased 2% to 
538,580 tons, and refinery production 
decreased 4% to 562,750 tons of copper. 
Mine production increased in nearly all 
Provinces in 1976 except for Manitoba, New 
Brunswick, and Newfoundland. British Co- 
lumbia was the leading copper-producing 
Province with 36% of the total, followed by 
Ontario 35%, Quebec 16%, Manitoba 8%, 
and the remaining Provinces 5%. 

Reviewing the activities of the Canadian 
copper industry for the year by Province, in 
British Columbia, Afton Mines Ltd., con- 
trolled 54% by Teck Corp. Ltd., began 
construction in May 1976 on a new $80 
million mine, mill, and smelter complex. 
With a capacity of 30,000 tons per year of 
blister copper, construction is scheduled for 
completion in late 1977. 

Bethlehem Copper Corp. Ltd. milled 7.5 
million tons of ore grading 0.44% copper 
from open pit mines in the Highland Val- 
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ley, and produced a 36.74% concentrate 
containing 27,560 tons of copper compared 
with 27,300 tons of copper in 1975. Reserves 
at the operating Iona and Jersey mines 
total 44.9 million tons of 0.46% copper. 
Reserves at the Huestis mine were exhaust- 
ed by yearend. A stripping program to 
remove 25 million tons of overburden to 
prepare the Jersey extension reserves for 
mining is scheduled for completion in 1977. 
At 1976 production rates, reserves were 
sufficient to provide mill feed through 1982. 
Bethlehem is currently investigating the 


feasibility of developing 130 million tons 


grading 0.51% copper and 0.027% molybde- 
num of the 286-million-ton J-A ore body by 
underground block-caving methods. Ore 
would be transported by an 8,000-foot-long 
conveyor belt from the mine to the existing 
21,000-ton-per-day capacity Bethlehem mill 
for beneficiation. 

The Granduc Operating division of 
Newmont Mines Ltd. located north of Ste- 
wart, British Columbia, operating at 60% of 
capacity, produced 17,300 tons of copper in 
concentrate from 1.45 million tons of ore 
grading 1.26% copper. While producing at 
about a break-even cash level, Granduc 
resumed underground development work, 
which will be needed to make more ore 
available for. mining in 1978. Reserves at 
yearend were 18 million tons of 1.6896 
copper. 

Lornex Mining Corp. Ltd., controlled by 
the Rio Tinto-Zinc Corp., Ltd., operated an 
open pit copper-molybdenum mine in the 
Highland Valley and produced 72,857 tons 
of copper up 36% from 1975 and 1,885 tons 
of molybdenum in concentrate from 17 mil- 
lion tons of ore milled. 

The Bell Copper Div. of Noranda Mines 
Ltd., in Granisle, British Columbia, affected 
by a 29-week-long strike, mined only 2.1 
million tons of ore grading 0.49% copper in 
1976. Concentrate output of 28,310 tons 
contained 7,300 tons of copper, down 60% 
from 1975. 

Brenda Mines Ltd. (50.9% Noranda), lo- 
cated in Peachland, British Columbia, op- 
erating one of the lowest grade porphyry 
copper-molybdenum mines in the world, 
produced a record 11.2 million tons of ore 
averaging 0.167% copper and 0.045% mo- 
lybdenum yielding 16,100 tons of copper in 
concentrates. The record production was 
attributed to the successful use of computer- 


controlled grinding circuits. During the 
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year, new contracts with Japanese and 
Korean smelters were negotiated. Yearend 
reserves were 118 million tons of 0.171% 
copper and 0.04396 molybdenum. 

Placer Development Ltd. (88% Noranda) 
operated the Craigmont mine in Merritt, 
British Columbia, and the Gibralter mine in 
McLeese Lake, British Columbia, during 
the year. The Gibralter mine, closed by a 
strike for 19 weeks, milled 8.5 million tons 
of ore grading 0.45% copper. Production of 
copper in concentrates from the Granite 
Lake pit was reduced 24% to 31,852 tons. 
Production from the Pollyanna pit was 
scheduled to begin in late 1977. Reserves 
decreased to 300 million tons, with an aver- 
age grade of 0.36% copper. At Craigmont 
1.95 million tons of ore grading 1.85% 
copper was milled. The 88,200 tons of con- 
centrates produced contained 25,283 tons of 
copper, a decrease of 6% from 1975. Ore 
reserves of 5.7 million tons of 1.85% copper 
are sufficient to maintain operations at the 
1976 level for 2 to 3 years. 

Similkameen Mining Co. Ltd., a subsid- 
iary of Newmont Mining Corp., operated its 
open pit mine near Princeton, British Co- 
lumbia, at an expanded concentrator ca- 
pacity of 22,000 tons of ore per day. Output 
for the year increased 56% to 25,500 tons of 
copper in concentrate from milling 7 mil- 
lion tons of 0.42% copper ore. Ore reserves 
at yearend were estimated at 54 million 
tons averaging 0.53% copper. 

Utah International Inc., shipped concen- 
trates containing 50,000 tons of copper, 
down 14% from 1975, and 43,000 ounces of 
gold, down 31%, from its Island Copper 
mine on the northern end of Vancouver 
Island in British Columbia. Decreases were 
attributed to lower mine ore grades and 
mill recovery rates. 

Granby Mining Corp. operated the Gran- 


isle open pit mine near Babine Lake. Gran- 


isle treated 4.3 million tons of 0.42% copper 
ore compared with 4.9 million tons of 0.46% 
ore the previous year. Production of recov- 
erable copper in concentrates dec 

20% to 15,336 tons from 1975. The decrease 
was attributed to a 24-day-vacation shut- 
down and to the harder, lower grade ore 
treated. 

In Manitoba, the newly formed Canadian 
Metals Div. of Hudson Bay Mining & Smelt- 
ing Co. Ltd. operated six of nine copper and 
zinc mines full time and one copper smelter 
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in the Flin Flon-Snow Lake area. Approx- 
imately 1.56 million tons of ore with an 
average grade of 2.3% copper and 2.75% 
zinc were mined and milled to produce 
192,541 tons of a 17.02% concentrate con- 
taining 32,770 tons of copper, equal to 1975 
output. The copper smelter produced 62,050 
tons of anode copper from feed supplied 
4990 from Hudson Bay mines, and 5196 
from purchased concentrates. The Flin Flon 
production, representing 48% of total mine 
production, was chiefly from pillars and 
remnants. The Dickstone mine remained 
closed, Schist Lake was depleted in March, 
and White Lake ceased production in 
August to allow for further development 
work. Construction and development work 
at the new Centennial and Westarm mines 
was nearly complete, with production start- 
up scheduled for mid-to-late 1977. Total ore 
reserves at yearend were about 17.5 million 
tons grading 2.66% copper, 2.9% zinc, 0.035 
ounce of gold per ton and 0.55 ounce of 
silver per ton. Reserves are based on 17% 
mine dilution and 91% recovery. 

Sheritt Gordon Mines Ltd. operated the 
Fox, Lynn Lake, and Ruttan Lake mines in 
Manitoba with a combined output of 37,920 
tons of copper in concentrates compared 
with 44,350 tons in 1975. Copper production 
was down 9% to 25,030 tons at the Ruttan 
open pit mine, with 2.66 million tons of ore 
averaging 1.08% copper and 2.14% zinc 
milled. At Ruttan preparations were being 
made to move to an underground mining 
operation by 1979. At the Fox underground 
mine, 832,000 tons of ore averaging 1.56% 
copper and 1.68% zinc were milled with 
production of copper in concentrates 
decreasing 23% to 12,116 tons. The Lynn 
Lake nickel-copper mine was closed in June 
1976 for economic reasons. Remaining ore 
reserves at the Ruttan and Fox mines con- 
sisted of 39.9 million undiluted tons grading 
1.77% copper and 1.41% zinc. Open pit ore 
comprised 20% of the total reserves. 

The Ontario-based Falconbridge Nickel 
Mines Ltd. delivered 62,550 tons of copper 
from five nickel-copper mines in Sudbury, 
Ontario, and Manibridge, Manitoba, and 
from seven copper-zinc, copper, and iron- 
copper mines in Lake Dufault and Opemis- 
ka, Quebec, Sturgeon Lake, Ontario, and 
Tasu Harbor, British Columbia. Concen- 
trates from the nickel-copper operations 
were processed at the company smelter in 
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Sudbury and from the other copper-zinc op- 
erations at the Noranda Mines Ltd. smelt- 
er at Noranda. Deliveries of copper from the 
integrated nickel operations decreased 16% 
to 17,040 tons. Sudbury operations remain- 
ed at a reduced level as four mines, one 
mill, and one of two blast furnaces remain- 
ed closed throughout 1976. The company 
resumed both the development of the 5,000- 
foot deep Fraser No. 1 shaft at Sud- 
bury and the construction of the $95 million 
Sudbury Smelter Environmental Improve- 
ment Program. Expansion of the Strathco- 
na mill to 8,500 tons of ore per day was also 
completed. Ore reserves at yearend at Sud- 
bury were 83.4 million tons averaging 
1.46% nickel and 0.68% copper. Ore re- 
serves at Manibridge, Manitoba were near- 
ly exhausted and the mine was to close in 
early 1977. 

Deliveries of copper from Falconbridge 
Copper Ltd. increased 7% to 41,470. tons 
including 7,140 tons from the new Sturgeon 
Lake zinc-copper mine. 

INCO Ltd., formerly International Nickel 
Co. of. Canada Ltd., mined 19.8 million tons 
of ore with an average grade of 1.41% nickel 
and 0.97% copper from 12 mines in Ontario 
and 3 mines in Manitoba in 1976, compared 
with 21.2 million tons of ore with an aver- 
age grade of 1.40% nickel and 0.92% copper 
in 1975. Deliveries of copper metal from the 
Copper Cliff refinery increased 6% to 
177,995 tons. At yearend, INCO estimated 
that proven ore reserves in Canada were 
412 million tons, containing 1.65% nickel 
and 1.07% copper. In April, production at 
the Victoria mine was resumed following a 
yearlong redevelopment program. The 
small Kirkwood ore body was depleted by 
March. Development work at Sudbury on 
the Clarabelle open pit extension and on the 
new Levack East mine continued during the 
year with production startup scheduled for 
1978 and 1983, respectively. 

At Mattagami Lake Mines Ltd., Mattabi 
zinc-copper mine in northwestern Ontario, 
the concentrator treated 1.07 million tons of 
ore grading 1.2396 copper yielding 10,900 
tons of contained copper in concentrate. 
Measured reserves were 9.6 million tons of 
7.1% zinc, 0.58% copper, 0.95 ounce of silver 
per ton, and 0.015 ounce of gold per ton. 
Development work on Mattagami's new un- 
derground mine at Lyon Lake, in the Stur- 
geon Lake area, continued with initial pro- 
duction of 1,000 tons per day of ore schedul- 
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ed to begin in 1978, Reserves at the Lyon 
Lake deposit were 4 million tons of 6.66% 
zinc, 1.15% copper, 0.63% lead, 3.39 ounces 
of silver per ton, and 0.010 ounce of gold per 
ton. | 
The Geco Div. of Noranda Mines Ltd., in 
Manitouwadge, Ontario, produced 1.7 mil- 
lion tons of ore grading 1.69% copper, 2.55% 
zinc, and 1.29 ounces of silver per ton. 
Concentrates contained 26,300 tons of cop- 
per, a decrease of 490. Reserves at yearend 
were 27.5 million tons grading 1.87% cop- 
per, 3.59% zinc, and 1.49 ounces of silver 
per ton. 

Texasgulf Canada Ltd. operated the Kidd 
Creek mine near Timmins, Ontario, and 
milled 3.57 million tons of ore in 1976, down 
296 from 1915. Mill feed from the open pit 
diminished to 43% of the total, with oper- 
ations expected to be fully underground by 
1977. The mill yielded 234,700 tons of copper 
concentrates, down 2% from 1975. In 1974 
and 1975 average concentrate grade was 
23.6596 copper. At the end of 1976, measur- 
ed and indicated reserves above the 2,800- 
foot level were estimated at 85 million tons 
containing 2.73% copper, 6.08% zinc, 2.30 
ounces of silver per ton, and 0.2296 lead. In 
addition, good copper mineralization occurs 
to at least 5,000 feet. Construction on a $350 
million project to increase the mine pro- 
duction rate from 3.6 to 5.0 million tons per 
year and to build a 100,000-ton-per-year 
smelter-refinery complex continued during 
the year. About 10% of the work was 
complete on the surface metallurgical 
plants. Startup is scheduled for late 1979. 

Union Miniére Canada Ltd., on August 
24, 1976, started its new Thierry copper 
mine and mill at Pickle Lake, Ontario. By 
yearend output was at a rate of 3,500 tons 
per day. In total, the concentrator treated 
254,200 tons of lower grade 1.17% copper 
ore from the poor upper section of the pit, 
yielding 10,727 tons of concentrates grading 
24.93% copper. Proven reserves amounted 
to 15 million tons averaging 1.6396 copper 
and exploration work in progress indicated 
further potential. | 

In Quebec, Campbell Chibougamau Mines 
Ltd. finally negotiated a successful new 
labor contract on August 31, 1976. Pro- 
duction for the year from the Cedar Bay 
and Henderson mines was 530 tons of cop- 
per compared with an annual capacity of 
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over 15,000 tons. Reserves remaining in the 
Chibougamau area mines totaled 10 million 
tons grading 1.66% copper and 0.043 ounce 
of gold per ton. 

The Lake Dufault Div. of Falconbridge 
Copper Ltd., in 1976, produced 14,777 tons of 
copper in concentrate, up 19% over that of 
1975. Underground development and ex- 
ploration work on the Corbet mine conti- 
nued during the year. Reserves at yearend 
were 1.41 million tons of ore grading 3.75% 
copper and 4.80% zinc. The Opemiska Div. 
milled 1 million tons of 2.196 copper in 1976 
to produce 20,025 tons of copper in concen- 
trate. Remaining reserves for the Springer, 
Perry, and Cooke mines consist of 14.5 
million tons of 2.37% copper. Development 
of the Cooke, mine continued with pro- 
duction startup scheduled for the third 
quarter of 1977. 

Madeleine Mines, operated by McIntyre 
Mines Ltd. near Ste. Anne des Monts, Que- 
bec, milled 814,000 tons of 1.07% copper 
yielding 8,147 tons. On October 28 the 
company suspended operations and placed 
the mine on a care and maintenance basis. 

Noranda Mines Ltd. had a full or partial 
interest in the treatment of 44 million tons 
of ore containing 183,100 tons of contained 
copper from 16 copper and zinc-copper 
mines in Quebec, British Columbia, Ontar- 
io, and New Brunswick. The company's two 
copper smelters at Noranda, Quebec, and 
Gaspé Copper in Murdochville, Quebec, 
treated 710,900 tons of concentrates from 
Noranda operations and 890,800 tons of 
custom material from other Canadian cop- 
per mines and from overseas. The 1.6 mil- 
lion tons of total material treated yielded 
302,600 tons of copper contained in anodes 
for a decrease of 1% from 1975. The Noran- 
da smelter accounted for 76% and Gaspé 
accounted for 24% of anode production. 
Canadian Copper Refineries (CCR) in Mon- 
treal East, Quebec, operated by Noranda, 
was the world's largest copper refinery with 
an annual capacity of 480,000 tons. In 1976, 
refinery production decreased 2% to 387,000 
tons of copper. CCR processes the output of 
the Noranda smelters, the Flin Flon smelt- 
er of Hudson Bay Mining & Smelting Co. 
Ltd., and from imported and some second- 
ary sources. After 50 years of operation, 
Noranda's Horne ore body in Noranda, 
Quebec, was exhausted in mid-1976, having 
produced 59 million tons of ore containing 
1.8 million tons of copper, 10 million troy 
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ounces of gold, and 22.3 million troy ounces 
of silver during its lifetime. The Horne 
Div.’s New Insco mine with reserves of 
811,000 tons of 2.8% copper, 0.02 troy ounce 
per ton of gold, and 1 troy ounce per ton of 
silver was developed for production during 
the year. 

Gaspé Copper Mines Ltd. (Noranda) mill- 
ed 1.57 million tons of 1.20% copper ore 
from the Needle Mountain mine and 10.7 
million tons of 0.4396 copper ore from Cop- 
per Mountain mine yielding approximately 
48,200 tons of copper contained in concen- 
trates. Reserves at the two mines were 28 
million tons of 1.3296 copper, of which 51% 
is in pillars, and 193 million tons of 0.38% 
sulfide copper plus 30 million tons of 0.44% 
oxide copper. 

Mattagami Lake Mines Ltd. (43% Noran- 
da) treated, at the Mattagami Lake mine, 
1.23 million tons of ore averaging 7.8% zinc 
and 0.55% copper. Copper contained in 
concentrates decreased 17% to 4,970 tons. 
Remaining undiluted ore reserves totaled 
9.6 million tons grading 7.1% zinc, 0.58% 
copper, 0.95 troy ounce of silver per ton, and 
0.015 troy ounce of gold per ton. 

In the Yukon Territory, Whitehorse Cop- 
per Mines Ltd., owned in part by Hudson 
Bay and Anglo American Corp. of Canada 
Ltd., mined and milled 800,836 tons of 
1.51% copper ore and produced 29,698 tons 
of concentrate containing an estimated 
10,690 tons of copper. Production increased 
wa 7% despite a 70-day strike during the 


T Chile. In attaining it's highest mine pro- 
duction on record, Chile increased pro- 
duction 2196 over that of 1975 to 1,108, 7000 
tons of copper. Production by Corporacion 
Nacional del Cobre Chile (Codelco-Chile) 
from the large mines was as follows: Chu- 
quicamata, 491,100 tons compared with 
335,800 tons in 1975; El Teniente, 288,500 
tons compared with 257,900 tons; El Salva- 
dor, 91,200 tons compared with 89,600 tons; 
and Andina, 62,700 tons compared with 
68,800 tons. Mine production exceeded re- 
ported capacity at Chuquicamata and sug- 
gests that Codelco-Chile was mining a high- 
er grade of copper ore than average during 
the year. The average grade of proven 
reserves at Chuquicamata is 1.38% copper. 

In the medium and small mine pro- 
duction area, Mantos Blancos increased out- 
put by 396 to 33,200 tons, Empresa Nacional 
de Minera (ENAMI) decreased output 4% to 
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81,900 tons, and Disputada raised pro- 
duction 10% to 39,400 tons of copper. 

Minera Sagasca, S.A., controlled 59% by 
Continental Copper & Steel Industries, Inc., 
operated at 50% of capacity for the year and 
produced 11,400 tons of cement copper. The 
company, despite a $4 million partial write 
down of investment, continued a $3.6 mil- 
lion improvement project to increase recov- 
ery efficiencies and increase production to 
80% of capacity by mid-1977. 

Production of blister copper at Chile's six 
smelters increased 18% over 1975 to 943,900 
tons. Electrolytic and fire refined copper 
output also increased 18% to 696,700 tons. 
In 1976, Chile increased exports by 39% to 
1,082,800 tons of copper contained in all 
classes valued at $1.23 billion. Under 
Decree Law No. 1350 effective April 1, 1976, 
the five major copper mining companies 
were dissolved and a new State-owned en- 
terprise,  Codelco-Chile, was created. 
Codelco-Chile will operate as a single com- 
pany, with four operating divisions in Chu- 
quicamata, Salvador, Andina, and El Te- 
niente. The Chuquicamata Div. encom- 
passes both the Chuquicamata and Exotica 
mines. Codelco-Chile invested over $110 mil- 
lion during the year to replace equipment 
and improve operating efficiency. Major 
improvements include the enlargement of 
the Chuquicamata smelter to handle a ca- 
pacity of 4,000 tons of feed per day and the 
installation of the new Sapos reservoir and 
the Coya-to-Colon water supply system plus 
a new tailings pond at El Teniente. At El 
Teniente engineering plans were completed 
to update mine and mill systems to handle 
the harder, lower grade ore as mining 
moves into the deeper primary copper sul- 
fide portion of the ore body. 

At El Salvador work has begun on the 
modernization of all old production facili- 
ties from mine through refinery. Work was 
to be completed between 1977 and 1981. At 
Andina, work continued on a project to 
increase mine and mill capacity to 15,400 
tons of ore per day and a new molybdenite 
recovery plant, capable of producing 2 tons 
of molybdenite concentrate daily started up 
in October 1976. A molybdenite leach plant 
was to be completed in 1977. 

The Chilean Government continued to 
delay consummation of several new foreign 
investment contracts, under negotiation to 
exploit the undeveloped Andacolla, El Abra, 
Quebrada Blanca, and Los Pelambres cop- 
per deposits. In an effort to improve the 
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foreign investment climate, Chile withdrew 
from the Andean Pact on October 30, 1976, 
and the obligations to the Pact's Decision 
No. 24, restricting foreign investment, the 
repatriation of capital, and import tariff 
levels within the region. On March 18, 1976, 
the Foreign Investment Statute was modi- 
fied under Decree Law No. 1748 to extend 
the commitment to complete investment in 
mining from 8 to 12 years, to limit total tax 
load for income to 49.5%, and to lighten 
tariffs on imported machinery and equip- 
ment. Also legal discrimination between 
foreign and local companies would not be 
allowed. | 

Iran.—Sar Cheshmeh Copper Mining Co., 
an Iranian Government-owned company, 
continued development of the copper mine 
and metallurgical complex in southern 
Iran. Delays and cost escalation raised the 
expected cost of the 160,000-ton. copper 
mine-smelter-refinery complex to $1.4 bil- 
lion with initial production scheduled for 
late 1977, and with the refinery due on- 
Stream by yearend 1978. Further develop- 
ment driling suggested that reported re- 
serves of 500 million tons of ore averaging 
1.18% copper and 0.0396 molybdenum could 
be more than doubled. 

Japan.—Mine production of copper 
decreased 4% from 1975 to 89,600 tons 
contributing only 896 to the consumption of 
refined copper. Reflecting a general pickup 
in the business activity in the Japanese 
economy, blister copper production increas- 
ed 596 to 946,700 tons and refined copper 
output increased 6% to 952,800 tons. These 
smelter and refinery production rates 
represented approximately 70% of capacity. 

Japan, the world's third largest consumer 
of refined copper, following the United 
States and the U.S.S.R., consumed 1,157,700 
tons of copper, an increase of 27% from that 
of 1975 and the highest consumption since 
1978. 

With improved consumption and the eas- 
ing of the Japan Ministry of International 
Trade and Industry (MITT) ban on exporting 
copper in July, producers of 172,100 stocks 
were down 17% from 1975. Japanese mer- 
chants and consumers reduced stocks 996 to 
111,300 tons. Supported by Government 
loans of nearly $83 million repayable at an 
interest rate of 6.5% the nonprofit Metallic 
Mineral Stockpiling Association, founded 
by 25 refiners and manufacturers of elec- 
trical wire and copper mill products, 
purchased 55,560 tons of copper. The stock- 
pile purchases were made in four stages, 
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14,330 tons each in August, September, and 
October, and 12,570 tons at the end of 
October. 

Korea, Republic of.—In September the 
Korean Government awarded a contract to 
three European firms to build a $183 mil- 
lion flash smelter, acid plant, and electroly- 
tic copper refinery complex at Onsan. The 
Onsan complex will have an initial capacity 
of 88,000 tons of copper per year and is 
scheduled to be completed by March 1979. 

Malaysia.—The Mamut Mines Develop- 
ment Co., under the management of Over- 
seas Mineral Resources Development Sabah 
Bhd., a consortium of seven Japanese firms, 
in a joint venture with the Sabah Govern- 
ment and other Malaysian interests, com- 
pleted the first full year of production from 
the Mamut mine in Sabah. The 85,600 tons 
of a 23.596 concentrate yielded 20,100 tons 
of contained copper at a rate equal to 67% 
of planned capacity. 

Mexico.—Mexican copper production im- 
proved substantially in all areas during the 
year. Mine production increased 14% to 
98,070 tons, smelter output up 12% to 
93,890 tons, and refined copper 19% to 
83,130 tons. 

Industrial Minera Mexico, S.A., in which 
ASARCO has a 34% interest, increased the 
output of blister copper 15% to 40,200 tons. 
Expansion programs completed during the 
year raised capacities by 85% at the San 
Martin copper-zinc mine and by 30% and 
25% at the Charcas and Santa Barbara 
lead-zinc-copper mines. Exploration and 
feasibility work continued on the large El 
Arco porphyry copper deposit near Guerre- 
ro Negro in the Baja California peninsula 
with reserves estimated at 770 million tons 
of about 0.5% copper. Development plans 
called for the treatment of El Arco concen- 
trates at the proposed new La Caridad 
smelter— refinery complex at Empalme. 

Compafiia Minera de Cananea, S.A., op- 
erated the Cananea mine and smelter to 
produce 53,800 tons of copper compared 
with 44,100 tons in 1975. An expansion 
program designed to increase capacity from 
44,000 to 77,000 tons of copper was expected 
to be completed in early 1977. A further 
increase to 111,000 tons was under study. 

Mexicana de Cobre, S.A., 44% owned by 
the Mexican Government, continued devel- 
opment of the $600 million La Caridad 
copper project in Sonora. The 79,000-ton- 
per-day open pit mine-mill operation was to 
be followed by a flash smelter and refinery 
complex at the Port of Empalme near Guay- 
mas with a planned capacity of 175,000 tons 
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of copper per year by early 19778. A detailed 
description of the project was presented in 
the June 19, 1976, issue of Skillings Mining 
Review. Ore reserves were reported at 760 
million tons of 0.76% copper and 0.16% 
molybdenum. 

Panama.—On February 25, 1976, the 
Government of Panama and Texasgulf Inc. 
signed a joint venture agreement to develop 
the Cerro Colorado copper deposit. Under 
the landmark agreement, which may serve 
as a model for future contracts between 
national governments and multinational 
mining companies, Texasgulf will have a 
20% equity in the Cerro Colorado Mining 
Corp. and an option from Panama for the 
purchase of Texasgulf's 20% equity after 20 
years. Texasgulf will conduct and share in 
the cost cf a $50 million feasibility study 
scheduled for completion by April 1978. In 
addition, Texasgulf will receive manage- 
ment fees for overseeing the design and 
construction phase and during the first 15- 
year management phase of the project. 
Estimates call for an $800 million mine- 
smelter-refinery complex with a capacity 
between 150,000 and 170,000 tons of copper 
annually to be in production by about 1982. 
By yearend Texasgulf had confirmed that 
ore reserves were slightly improved with 
grades and tonnages in excess of previous 
estimates of 1 billion tons of 0.6596 copper. 
Indications were that higher copper grades 
in the upper portion of the ore body may 
add to the economic viability of the project 
in its early years. 

Papua New Guinea.—Bougainville Cop- 
per Pty., Ltd., controlled 53.6% by Conzinc 
Riotinto of Australia Ltd. (CRA), 20% by 
the Papua New Guinea Government, and 
26.490 by the public, milled 34.4 million tons 
of a lower grade ore containing 0.64% 
copper and 0.025 troy ounce of gold per ton. 
Copper production increased 2% with 
658,000 tons of 29.58% copper concentrate 
containing 193,800 tons of copper. Estimat- 
ed ore reserves in the Panguna ore body at 
the end of 1976 were approximately 881 
million tons of ore averaging 0.45% copper 
and 0.015 troy ounce of gold per ton. Differ- 
ences between the Central Government and 
Bougainville Island leaders were resolved 
with Bougainville renamed North Solomons 
and having more autonomy over local mat- 
ters. Papua New Guinea, however, will 
retain control over import-export taxes, cor- 
porate taxes, and royalties on natural re- 
sources. 

Exploration drilling of the OK Tedi de- 
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posit in Western Papua New Guinea was 
completed in 1976 with reserves identified 
in four areas. The portion of the OK Tedi 
deposit minable by open pit methods con- 
tains 275 million tons grading 0.85% cop- 
per, 0.012% molybdenum, and 0.019 troy 
ounce of gold per ton plus an additional 27.6 


million tons averaging 0.084 troy ounce. of 


gold per ton. Outside the pit design limits 
there are 61 million tons of 0.57% copper 
plus 29 million tons of underground re- 
serves grading 2.33% copper and 0.052 troy 
ounce of gold per ton. The Mt. Fubilan 
Development Co., a consortium, was formed 
to undertake a 3l-month, $9 million feasi- 
bility study of the OK Tedi deposit. Dampier 
Mining Co., a subsidiary of the Broken Hill 
Proprietary Co. Ltd., was to manage and 
hold a 37.5% interest in Fubilan. 
Kupferexplorations Gesellschaft m.b.H., a 
West German group comprised of Met- 
allgesellschaft, Kabel, and Metallwerk, 
Gutehoffnungshute, and Siemens, and De- 
gussa held 25% while Amoco Minerals Co., 
a subsidiary of Standard Oil Co. of Indiana, 
held the remainder. If OK Tedi is developed 
the Papua New Guinea Government would 
have the right to acquire a 20% equity 
interest with Dampier and Amoco reverting 
to 80% each and Kupferexplorations to 
20%. 

With respect to the Frieda River deposit, 
having known reserves of 400 million tons 
of 0.47% copper, MIM signed a joint pro- 
specting venture with the Metal Mining 
Agency of Japan and a consortium of five 
private Japanese copper smelters. The ven- 
ture calls for a 5-year exploration and 
feasibility study over the Frieda River area. 

Peru.—Aided by an improved labor sit- 
uation and the opening of a major new open 
pit mine, Peruvian copper mine and smelter 
production increased 12% and 18% to 
221,830 and 204,530 tons. Refinery pro- 
duction, with the help of the first full year 
of operation of the new Ilo plant, increased 
165% to 154,451 tons of electrolytic copper. 
Copper exports in all forms increased 2696 
to 208,300 tons with refined exports repre- 
senting 6995 of the total compared with 
only 27% in 1975. 

Southern Peru Copper Corp. (SPCO), 
Peru's largest copper company, milled 16 
million tons of 1.0596 copper ore at Toque- 
pala compared with 18.8 million tons of 
1.06% copper in strike-affected 1975. An 
additional 8.5 million tons of heap-leach ore 
grading about 0.38% copper were also treat- 
ed. SPCC is controlled by ASARCO Inc. 
(51.5%), Cerro-Marmon Corp. (22.25%), 
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Newmont Mining Corp. (10.25%), and 
Phelps Dodge Corp. (16%). SPCC (88.5%), in 
a joint venture with the Royal Dutch Shell- 
owned company Billiton, B.V. (11.5%), 
started copper production at its new $726 
million Cuajone mine late in the second 
quarter. The mine is located 550 miles 
southeast of Lima and over 11,000 feet high 
in the Andes Mountains. The development. 
period spanned 10 years including 6-1/2 
years of construction and involved the re- 
moval of 240 million tons of overburden, 
construction of plant facilities, two new 
townsites, 130 miles of roads, 17 miles of 
railroad tunnels, a 35-mile water pipeline, 
and a seawater desalination plant at the Ilo 
complex. Ore reserves at yearend 1976 were 
estimated at 470 million tons of 0.98% 
copper at a cutoff of 0.45%; 108 million tons 
of low-grade sulfide reserves ranging from 
0.20% to 0.45% copper, and nearly 14 mil- 
lion tons of oxide ore with an average grade 
of 1.2096 copper. 

At full capacity of 180,000 tons per year of 
copper contained in concentrates and oxide 
ore, Cuajone is exceeded in size by only a 
few copper mines in the world such as 
Bingham, Utah, Chuqiucamata, and El Te- 
niente in Chile and Bougainville in Papua 
New Guinea. The mill was initially design- 
ed to handle 45,000 tons of ore daily and was 
operating at. about 90% of capacity by 
yearend. In 1976, the mill produced 117,400 
tons of concentrates grading 41.65% copper 
from 3.86 million tons of 1.61% ore treated. 
Of the additional 7 million tons of oxide ore 
mined 2.6 million tons of 2.3% ore was 
stockpiled, 4.4 million tons of 1% ore was 
sent to leach dumps and 33,000 tons of 4% 
copper was used as a smelter flux. Concen- 
trates are moved by rail through 17 miles of 
tunnel through the mountains to the Toque- 
pala mine and then for 117 miles down to 
the coastal smelter at Ilo. In conjunction 
with the Cuajone project, SPCC completed 
the more than twofold expansion of the Ilo 
smelter by yearend to a rated capacity of 
1,450 dry tons of feed daily or over 520,000 
tons annually. In 1976, the Ilo smelter 
produced 148,100 tons of blister copper, with 
three quarters credited to Toquepala and 
the remainder to Cuajone. 

Northern Peru Mining Corp, an 
ASARCO subsidiary, operated the Quiruvil- 
ca mine and produced 3,800 tons of copper 
in concentrates compared with 6,200 tons in 
1975. . 

Compañía Minera del Madrigal, a subei- 
diary of Homestake Mining Co., processed 
211,910 tons of ore, an increase of 7% from 
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that of 1975, at its Madrigal copper-lead- 
zinc mine near Arequipa, Peru, and pro- 
duced approximately 11,260 tons of copper 
concentrates, down 896. Ore reserves of 1.15 
million tons averaged 1.5% copper, 2.6% 
lead, and 5.0% zinc. The program to in- 
crease the mill capacity from 770 to 1,100 
em of ore per day will be completed in 
1977. 

Most of the approximate 57,000 tons of 
remaining mine production came from 
Empresa Minera del Centro del Perú (Cen- 
tromin), the State-owned mining agency, 
which operates six underground mines and 
oné open pit copper mine. Centromin has 
arranged for $176 million in local and 
external loans to finance the modernization 
and expansion of its existing copper facili- 
ties. At the Cerro de Pasco mine, $15 mil- 
lion will be invested to replace the cernent- 
ation plant with a solvent extraction- 
electrowinning plant having a capacity of 
7,000 tons per year of copper cathodes. The 
plant was to be operational by 1979. At the 
Cobriza mine a $161 million expansion pro- 
gram, to be completed in 1980, will increase 
mine capacity from 0.7 million to 3.5 million 
tons of ore per year, and mill capacity to 
10,000 tons of ore daily. Annual concentrate 
output will be increased from 50,000 to 
222,000 tons. 

Empresa Minera del Peru (Minero Peru) 
continued development of the $100 million 
Cerro Verde mine and heap leaching project 
with production at a rate of 36,000 tons per 
year of copper scheduled to begin in June 
1977. Development of the massive underly- 
ing Santa Rosa ore body and expansion of 
the Ilo refinery from 165,000 to 330,000 tons 
of refined copper per year are not envisaged 
for completion until after 1980. 

Of the major deposits still awaiting de- 
velopment, SPCC is negotiating with Mine- 
ro Peru with regard to development of the 
Quellaveco ore body located between the 
Toquepala and Cuajone mines. Quellaveco 
reserves have been reported at 440 million 
tons grading 0.80% copper..A feasibility 
study on the Michiquillay project was com- 
pleted in October by. the Metal Mining 
Agency of Japan and a group of seven 
Japanese smelters led by Mitsui Mining & 
Smelting Co., Ltd. The study confirmed ore 
reserves at 1 billion tons grading 0.69%- 
0.76% copper and estimated 6 years and 
$700 million would be required to develop 
the mine. The project would be developed as 
a joint venture between Minero Peru (5120) 
and Japanese interests (49%), and it would 
include a 44,000-ton-per-day mill with a 
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capacity to produce 113,500 tons per year of 
copper in concentrates. Concentrates will be 
slurried and piped from the mine site to the 
Port of Pacasmayo for export to Japan. 

Philippines.—The Philippines maintain- 
ed its eighth ranking among world copper 
producers with 14 mining. companies in- 
creasing production 296 to 255,185 tons of 
copper contained in concentrates and di- 
rect shipping grade ore. Plans for a 
Government-sponsored copper smelter ap- 
peared to firm up by late 1976. The former 
Copper Smelter Corp. has been reorganized 
into the Philippine Associated Smelting and 
Refining Corp. (PASAR). PASAR is a con- 
sortium of 11 local mining companies led by 
Atlas Consolidated. Mining and Develop- 
ment Corp., Marcopper Mining Corp., Le- 
panto Consolidated Mining Co., Philex 
Mining Corp., and Marinduque Mining & 
Industrial Corp. These five companies will 
provide 36%, the Government 34%, and as 
yet unselected foreign investors 30% of the 
estimated $250 million needed to build a 
93,000-ton Outokumpu flash smelter. Pend- 
ing final environmental clearances the 
smelter site will be located 60 miles from 
Manila at Bantiqui Point, San Juan Batan- 
gas Province. The smelter is scheduled to 
come onstream in 1979-80. . 

Atlas Consolidated., one of. the largest 
copper producers in Asia, milled 24.5 mil- 
lion tons of 0.51% copper ore, improved its 
recovery rates, and increased production of 
copper contained in 374,550 tons of concen- 
trates by. 1% in 1976 to 113,600 tons. The 
company operated the Frank, Lutopan, and 
Biga mines on Cebu Island, Central Philip- 
pines. On June 1, construction began on the 
new $100 million Carmen open pit located 
between the Frank and Biga pits and an 
associated 35,000-ton-per-day mill with 
startup scheduled for late 1977. With the 
completion of the Carmen project, the com- 
bined Atlas milling capacity of 104,000 tons 
of ore per day will equal the Bougainville, 
Papua New Guinea mine in size. Atlas 
reports reserves at yearend at 1.08 billion 
tons grading 0.46% copper. 

Marcopper Mining Corp., a subsidiary of 
Placer Development Ltd., operating at the 
expanded capacity of 27 000 tons per day of 
ore, milled 9.7 million tons of 0.59% copper 
ore, and increased production of copper 
contained in concentrates 37% to 52,400 
tons. Minable reserves at yearend in the 
Tapian ore zone were 85 million tons at a 
0.40% cutoff and a 0.58% average grade of 
copper. At the Tapian mine site a discovery 
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of a new San Antonio ore body located 
under the tailings disposal area was 
announced. Preparations for developing 
this deposit, containing 200 million tons of 
0.57% copper, were underway. 

Marinduque Mining & Industrial Corp. 
operated the Sipalay open pit in Negros 
Oriental and the Bagacay pit in Samar. At 
Sipalay, a record production of 30,000 tons 
of copper from 6.3 million tons of ore 
represented increases of 12% and 14% over 
1975. Production at Bagacay decreased 15% 
to 5,980 tons of copper contained in 26,190 
tons of concentrates. In addition, the mine 
produced 13,750 tons of direct shipping 
grade ore. Grade of the direct shipping ore 
was 11.5206 copper. Ore reserves were re- 
ported at 718 million tons of ore grading 
0.49296 copper at Sipalay and 1 million tons 
of 4.42% copper and 2.78% zinc at Bagacay. 

Philex Mining Corp. increased production 
13% in 1976 to 33,780 tons of copper con- 
tained in concentrates. The company oper- 
ated the Santo Thomas II underground 
mine near Benguet, northern Luzon, with 
reserves of 166 million tons of ore grading 
0.48% copper and 0.031 troy ounce of gold 
per ton. With production of 190,000 ounces 
of gold, Philex was also the largest gold 
producer in the country. 

Lepanto Consolidated Mining Co. resum- 
ed operations at the Lepanto underground 
mine in Mt. Province, northern Luzon on 
September 15. Production through yearend 
amounted to 4,600 tons of copper contained 
in concentrates. The mill treated 226,600 
tons of ore yielding 14,815 tons of a 31% 
copper concentrate. However, during the 
year approximately 58,000 tons of concen- 
trates were shipped to ASARCO's Tacoma, 
Wash., smelter for processing reducing the 
stockpile of concentrates on hand to about 
17,000 tons. Reserves at the Lepanto mine 
were reduced at yearend to 8 million tons of 
2.57% copper and 0.013 troy ounce of gold 
per ton. 

Western Minolco, operator of the Boneng 
and Lobo mines in Benguet, northern Lu- 
zon, produced 39,270 tons of concentrates 
from 4.5 million tons of ore milled in 1976 
containing 9,860 tons of copper. The bulk of 
production came from the Lobo pit during 
the year. Àn expansion program to increase 
the initial mill capacity of 16,500 tons to 
33,000 tons of ore per day will be completed 
in April 1977. Combined ore reserves at 
Boneng-Lobo are estimated at 102 million 
tons of 0.33896 copper and 0.012 troy ounce 
of gold per ton. 

Several new copper projects progressed 
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during the year in both the planning and 
construction phases. These included Con- 
solidated Mines Ino project scheduled to be 
operational by mid-1977 at a mill capacity 
of 16,500 tons of ore per day. Mining will be 
based on reserves of 112 million tons of 
0.53% copper. Benquet Consolidated Inc. is 
currently arranging financing for a $100 
million, 19,000-ton-per-day mine-mill deve- 
lopment of its Dizon deposit containing 
reserves of 86 million tons of 0.47% copper. 
CCDP Mining Corp. is planning an 11,000- 
ton-per-day milling operation by 1979 at its 
Basay, Negros Oriental property. Reserves 
are reported at 113 million tons of 0.544% 
copper. Sabena Mining Corp. is planning to 
develop reserves of 38 million tons of 
0.502% copper at New Bataan on Davao Del 
Norte. Mining plans call for an 11,000-tons- 
per-day ore handling capacity to be in place 
by 1979. 

Poland.—In 1976 ore mined totaled 21.7 
million tons yielding 300,000 tons of copper, 
an increase of 15% over that of 1975. Copper 
mine production came mainly from three 
underground mines; Lubin, Polkowice, and 
Rudna, all located in the sedimentary 
Kupferschiefer beds of the  Legnica— 
Glogow copper region. The two older Kon- 
rad and Lena mines also contributed to 
mine production. Smelter and refinery pro- 
duction increased 9% and 8%, respectively, 
to 305,000 and 297,600 tons each during the 
year. Initial production from the new 
165,000-ton Glogow copper refinery was re- 
ported to have begun in late 1976. Full 
production is expected by 1980. 

Rhodesia, Southern.—M.T.D. (Mangula) 
Ltd., a Messina Transvaal subsidiary, oper- 
ated the Mangula, Norah, and Silverside 
mines during the year ended September 30, 
1976. At the Mangula mine, located 80 miles 
northwest of Salisbury, 1.3 million tons of 
1.08% copper ore were treated yielding 
18,250 tons of copper contained in concen- 
trates, down 11% from that of 1975. The 
Norah and Silverside mines produced an 
additional 2,474 tons and 2,227 tons of 
copper in concentrates. Proven ore reserves 
were 3.1 million tons of 1.2146 copper at the 
Norah mine with Silverside mine reserves 
expected to be depleted by March 1977. 

Lomagundi Smelting and Mining Ltd., 
also a Messina Transvaal subsidiary, pro- 
duced 1,442 tons of copper in concentrate 
from mining and milling 261,200 tons of 
0.86% copper ore from the Alaska mine. At 
1976 copper prices, operation at the Alaska, 
Hans, and Angwa sections of the Alaska 
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mine was no longer viable and production 
was stopped. The Shackleton mine yielded 
9,950 tons of copper in concentrate from 
657,000 tons of 1.62% copper ore. Proved 
reserves at yearend were 1.4 million tons of 
1.80% copper at the Shackleton mine. Pro- 
duction for the year ending September 30 at 
the Coronation Syndicate's Inyati mine 
amounted to 5,175 tons of copper. 

South Africa, Republic of.—O'okiep Cop- 
per Co. Ltd., a subsidiary of Newmont 
Mining, mined and milled 2.6 million tons 
of ore with an average grade of 1.3596 
copper which yielded 32,600 tons of blister 
copper compared with 33,800 tons in 1975. 
Development work was resumed at the 
Divide and Brandkloof mines to bring them 
into production in late 1977 and 1978. The 
Nababeep South mine was activated in late 
1976 and the Hoits mine was to be restarted 
in early 1977. A $20 million development 
effort began in midyear aimed at bringing 
the Carolusberg deep ore body into pro- 
duction in 1981. Carolusberg reserves were 
currently estimated at 11 million tons of 
1.82% copper with substantial additional 
potential. Total ore reserves at O'okiep 
mines at yearend 1976 were estimated at 30 
million tons averaging 1.67% copper. 

Palabora Mining Co. Ltd. produced 
102,900 tons. of copper, a 290 increase over 
that of 1975. The 21 million tons of 0.55% 
copper ore milled was equal to the 1975 
level. A $100 million expansion of the open 
pit mining and ore processing facilities was 
completed by yearend. Milling capacity was 
increased from an average 58,000 tons to 
82,000 tons of ore per day equivalent to 
188,000 tons of copper annually. The capaci- 
ty of the electrolytic refinery was expanded 
95% to 156,000 tons to handle the entire 
Palabora copper output. 

Messina (Transvaal Development Co. 
mined and milled 860,000 tons of 1.24% 
copper ore from its Messina mine which 
yielded 9,810 tons of copper in concentrate, 
down 6% from that of 1975. The tonnage of 
proved ore reserves at yearend was esti- 
mated at 4.7 million tons averaging 1.37% 
copper. 

South-West Africa, Territory of.—Tsu- 
meb Corp. Ltd. mined 489,000 tons of ore 
from the Tsumeb mine averaging 4.25% 
copper, 9.04% lead, and 2.89% zinc. The 
Kombat and Asis Ost mines produced 65,300 
tons of ore containing 1.49% copper and 
1.92% lead before operations were suspend- 
ed in March. Mining was to be resumed at 
these mines in late 1978 at the same time 
production from the new Asis West is sched- 
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uled to begin. The Matchless mine, near 
Windhoek, produced 112,000 tons of ore 
averaging 2.40% — 

Oamites Mining Co. (Pty. Ltd. (75% 
Falconbridge) milled 662 „500 tons of ore 
grading 1.31% copper. Metal recovery 
decreased 7% to 7,037 tons of copper. 

Yugoslavia.—Estimated primary  pro- 
duction of copper by Rudarsko Topioni- 
carski Bazen (RTB), Bor, Serbia, in 1976 
included 132,400 tons of copper in concen- 
trates, 181,200 tons of blister copper, and 
184,000 tons of refined copper. RTB oper- 
ated a mine, a flotation plant, and smelter 
at Bor, and a mine and a flotation plant at 
Majdanpek. Development work continued 
on the 660-million-ton, 0.5% copper deposit 
at Veliki Krivelj with plans for an annual 
capacity of 66,000 tons of copper to be 
reached by 1981. Work also continued on 
the development of the second major 
copper-producing facility in Yugoslavia at 
Bucim, near Radoviste, Macedonia. Work 
on mine and beneficiation plant at the 
Bucim copper deposit, designed to handle 4 
million tons of ore annually, continued 
during the year and was scheduled to reach 
an annual capacity of 23,000 tons of copper 
in concentrates by 1978. A 28,000-ton 
electrolytic refinery will also be built near 
Bucim. . | 

Zaire.—Mining the highest grade copper 
ore in the world with an average reserve 
content of 4.52% copper, Zaire produced ore 
containing 490,100 tons of copper, 10% low- 
er than in 1975. Total smelter and refinery 
production dropped by 12% and 71% to 
450,000 tons and 72,750 tons respectively, 
from that of 1975. Disruptions caused by the 
closure of the Benguela railroad from Shaba 
Province to the Angolan Port of Lobito, a 
result of the Angolan Civil War, and the 
closure of the Mozambique-Rhodesian bor- 
der had a strong impact on the economy and 
copper industry. Transportation difficulties 
in getting food, spare parts, coke, coal, and 
diesel oil into Shaba were major factors in 
the reduced levels of production experienc- 
ed, particularly in the smelters and electro- 
lytic refineries. Copper exports are chan- 
neled out of Shaba by way of a tedious 
internal route to the Zairian Port of Matadi: 
by southern railroads to the Port of East 
London, South Africa; or by the Tanzania- 
Zambia Railway (Tazara) to the Port of Dar 
es Salaam, Tanzania. 

The Government mining agency, La 
Générale des Carriéres et des Mines du 
Zaire (Gécamines) which operates 10 
mines, 5 mills, 1 copper smelter at Lu- 
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bumbashi, and 2 copper-cobalt refineries at 
Shituru and Luilu in Shaba Province, pro- 
duced 449,410 tons of copper including 147,- 
100 tons of blister and 302,030 tons of copper 
in refined shapes. Plans to increase annual 
production of copper to 628,000 tons were 
still in progress with completion scheduled 
for 1979 at a cost of over $600 million. Plans 
called for the construction of a 138,000-ton- 
per-year flash smelter and a 100,000-ton- 
per-year electrolytic copper refinery, all 
near Kolwezi, Shaba. As part of the expan- 
sion program, two new open pit mines at 
Dikuluwe and Mashambe, with combined 
reserves estimated at 171 million tons of 
4.1% copper and 0.3% cobalt, opened in late 
1975 but operated at a low rate because of 
diesel fuel shortages. Gécamines refinery at 
Lubumbashi was scheduled to be expanded 
from 143,000 tons per year to 176,000 tons 
per year by 1980. 

The joint Zairian Government-private Ja- 
panese concern Société de Dévelopment In- 
dustriel et Miniére du Zaire (SODIMIZA), 
operated the Mushoshi mine and mill in 
Shaba Province. Production for 1976 in- 
creased 11% to 39,600 tons of copper con- 
tained in 111,660 tons of concentrates. 
SODIMIZA continued development of the 
Kinsenda mine during the year with pro- 
duction expected to begin in late 1977. 
Reserves at Kinsenda are reported at 35 
million tons of 5.5% copper. 

Société Miniére de Tenke-Fungurume 
(SMTF) is controlled by the Republic of 
Zaire (2060) and a consortium comprised of 
Charter Consolidated Ltd. and associated 
companies (2890), Amoco Minerals Co. (28- 
90) Mitsui & Co. (14%), Bureau des Re- 
cherches Geologiques et Miniéres (9.590), 
Omnium des Mines, S.A. (3.5%), and Leon 
Templesman & Son Inc. (8%). In January 
1976, owing to regional fuel shortages and 
serious financial support problems, all work 
was suspended on the 7,150-ton cobalt and 
165,000-ton copper mine-electrowinning re- 
finery complex originally scheduled for 
completion in 1977. Cost estimates had esca- 
lated from $600 million to $900 million. 
Approximately $275 million had been ex- 
pended on the project when the suspension 
decision was made. If construction is resum- 
ed, a smaller 95,000-ton facility will proba- 
bly be built. In the interim, the project will 
be kept on a care-and-maintenance basis at 
a cost of about $400,000 per month. 
` Zambia.—The Zambian copper industry, 
which was nationalized in 1975, continued 
to be plagued by low copper prices and 
rapidly escalating costs. As a result of the 
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tight financial situation most new develop- 
ment programs were deferred. The opening 
of the Tazara railroad to the port of Dar Es 
Salaam in Tanzania eased export transport- 
ation problems. However, difficulties in 
maintaining spare part inventories and in 
retaining skilled expatriate mining engi- 
neers and technicians seriously affected 
copper production levels. Mine productión 
in 1976 increased 5% to 781,391 tons of 
recoverable copper, while blister production 
increased 7% to 778,127 tons, and refined 
production increased 10% to 766,040 tons. 

In the year ended June 30, 1976, Roan 
Consolidated Mines, Ltd. mined 17.3 million 
tons of ore with an average grade of 1.99% 
yielding 304,100 tons of copper from the 
Mufulira, Luanshya, Chambishi, Chibulu- 
ma, and Kalengwa mines. RCM also opera- 
ted two smelters at Mufulira and Luanshya 
which produced 306,932 tons of anode cop- 
per. The Mufulira and Ndola Copper refine- 
ries produced 347,850 tons of copper ca- 
thodes, 275,680 tons of which were cast into 
wirebars. The electrowinning plant at 
Chambishi produced 17,830 tons of leach 
cathodes. Work continued on a $200 million 
expansion program to increase mine pro- 
duction at the Baluba section of Luanshya, 
Chibuluma, and Chambishi and to extend 
the Chambishi leach plant. The new anode 
slimes treatment plant at Ndola was sched- 
uled to start production in October 1976. 
Ore reserves at all RCM mines were esti- 
mated to total 362 million tons of ore with 
an average grade of 2.8896 copper. The 
Mufulira and Luanshya mines contain 8390 
of this reserve total. 

Nchanga Consolidated Mines, Ltd. for 
the year ended March 31, 1976, produced 
424,842 tons of finished copper from oper- 
ations at the Rokana, Konkola, and Chingo- 
la mine divisions, the smelter-refinery com- 
plex at Kitwe, and from the refinery at 
Chingola. At the Rokana division, mine 
output from the Mindola and Bwana Mkub- 
wa operations decreased 22% to 122,230 
tons of copper. Breakdowns at the concen- 
trator and in the tailings pipeline contribut- 
ed to the production losses. The 14,000-ton- 
capacity Mindola open pit mine and oxide 
treatment plant were placed on a care and 
maintenance basis for economic reasons at 
yearend 1975, while expansion of the Min- 
dola underground operations continued. At 
the Konkola division, mine production 
decreased 15% to 48,930 tons. Production of 
copper at the Chingola division decreased 
7% to 341,160 tons. Of this total, 35% came 
from the Chingola underground mine, 51% 
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from the Nchanga open pit, and the balance 
from four other open pits. The Chingola 
tailings leach plant during the fiscal year 
treated 9.3 million tons of low-grade tailings 
and oxide concentrates yielding 81,800 tons 
of electrowon cathode copper. NCCM con- 
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trolled, as of December 30, 1975, 637 million 
tons of ore reserves averaging 2.96% copper 
with 55% of these held within the Chingola 
division. Reserves reported include indicat- 
ed and possible ore. 
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An article described the history of explor- 
ation for porphyry copper deposits in the 
Southwestern United States and speculated 
on the discovery of additional deposits bur- 
ied under gravels and volcanics.? Another 
article detailed the use of mapping, geo- 
chemical, electromagnetic, and gravity 
work in discovery of strata-bound massive 
sulfide copper deposits.“ The mechanism for 
the dissolution and precipitation of copper 
in strataform deposits, especially of the red- 
bed type, was the subject of a published 
study.‘ A geologic description and postulat- 
ed genesis of a stratabound massive sulfide 
nickel-copper deposit was published.’ Esti- 
mated costs to produce 165,000 tons per 
year of white metal from two copper-nickel 
hypothetical open pit mines operating on 
the Duluth gabbro was the subject of an 
open-file report.“ Review of the develop- 
ment of selected copper deposits indicated 
that the required lead times ranged from 1 
to 15 years for major exploration, 1 to 4 
years for open pit development, and 4 to 8 
years for underground development.’ 

An article reviewed the properties of 
ocean nodules and the economic parameters 
of several proposed processing methods.* 
Details were published on a smelt-leach 
process and on an ammoniacal leach-ion 
exchange-selective stripping process to reco- 
ver the copper, nickel, and cobalt in the 
nodules.!o 

The application of rock mechanics tech- 
nology to design open pit mines for proper 
safety and efficient operation was 
described.! Techniques have been develo- 
ped to stabilize tailings material to prevent 
an increase into underground mine wor- 
kings caused by subsidence of ground be- 
neath the tailings pond.’? Resoarch on ther- 
mal fragmentation of semiconductive rock 
indicated an unlikely application to a 
copper-bearing shale formation.“ 

Leaching experiments in columns simula- 
ting 80 and 200-foot deep cores through a 
leach dump were performed. Results indi- 
cated that in the 200-foot system lack of 
oxygen restricted biological activity; activ- 
ity increased when air was introduced. 


However, the free diffusion of oxygen was 
restricted by clay formation and fines accu- 
mulation at specific levels within the 
column.“ Research showed that presence of 
thermophylic bacteria enhanced copper ex- 
traction in leaching of prophyry copper 
samples containing chalcopyrite as the pri- 
mary ΠΙΙΠΘΓΑΙ.15 An analysis of a ferric 
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Evaluation ο Leaching cs of Butte 
στων tre. Hydrometal., v. 2, No. 3, May fay 1977, pp. 235- 


I5Brierley, L. C. Biogenic Extraction of Copper and 
Molybdenum at High Temperatures. Research Grant 
G0144110. BuMines n File F Rept. 127-76, June 1976, 82 
pp: available for Ν᾽ c the Bureau of Mines 

raries in Tuscaloosa, Ala hn. Y Park, Md., Twin 
Cities, Minn., Rolla, Μο., Boulder ity and Reno, Nev., 
Albany, .; Salt Lake City, Utah; and at the National 
Library of Natural 5 U.S. Department of the 
Interior, Washington, D 
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chloride leaching process on chalcopyrite 
concentrate indicated favorable operating 
costs. ie Studies were conducted on the use of 
solvent extraction systems in conjunction 
with leaching sulfides with a ferric or cup- 
ric chloride solution.“ A kinetic investig- 
ation of copper cementation in a revolving 
drum and a pilot-scale test on the use of 
shredded automobile scrap for cementation 
were reported.!* 

It was established that an arseniferous 
copper concentrate could be smelted in an 
electric-arc furnace with results comparable 
to use of a gas-fired reverberatory furnace. 
An electrothermic reduction process to pro- 
duce blister copper from dead-burned cop- 
per sulfide concentrates recovered 98.4% of 
the contained copper and permitted effi- 
cient collection of the sulfur. Fuel con- 
sumption, economic advantage, and com- 
pliance with environmental regulations 
were considered in a review article on 
various pyrometallurgical processes to re- 
place the reverberatory furnace. A review 
of sulfur dioxide emission control data for 
major Japanese smelters showed capture of 
91% to 99.7% of the sulfur in the smelter 
feed.?? 

Studies showed that an individual, with 
proper equipment, could disassemble about 
100 automobile starters or 150 generators in 
8 hours with a scrap copper yield of 280 and 
890 pounds, respectively.? Other studies 
detailed energy requirements for pro- 
duction of refined copper. 

Research on use of zinc-based solders on 
copper and copper alloys indicated a four- 
fold increase in service life over conven- 
tional solders.?5 
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Α case study of the development of a 
medium-size massive sulfide copper deposit, 
including a required environmental impact 
statement was published.** 


‘Phillips, A. T. Economic Evaluation of a Process for 
Ferric Chloride Leaching of Chalcopyrite Concentrate. 
BuMines IC το 1976, 22 pp. 

17Cognet, M. C., G. Vaissiere, and H. Renon. Copper 
Extraction by LIX 64N: Comparison of Chloride and 
Sulfate Solutions According to pH and Acid Concentra- 
tion. Hydrometal., v. 2, No. May 1977, pp. 265-274. 

18Staker, W. L., R. D. Groves. Use of Shredded Automo- 
bile Scrap for Copper Cementation. BuMines RI 8198, 1976, 


13 

Paulson, D W. Anable, W. L. Hunter, and R. S. 
McClain. ο ταν of Arseniferous Lis Concentrate in 
an Electric-Arc Furnace. BuMines RI 8144 πώς 30 pp. 

2°Paulson, D. L., R. B. Worthington, and W. L. Hunter. 
Production of Blister Copper by Electric F' edades Smelti 
of Dead-Burned N ulfide Concentrates. BuMines 
8131, 1976, 27 p 

21Themelis, N. J. The Impact of Energy and Environ- 

mental Constraints on Copper poser ology. Min. 
M. Hayashi, id G. M. Potter. 


., V. 28, No. 1, January 1976, pp. 42-4 
Sulfu enbaum, 3 Control J Copper 
r Dioxide ntrol in Japanese 
Smelters. BuMines IC 8701, 1976, 15 pp. pn THE 
23Dean, K. C., and J. W. Sterner. Metal Recovery 'by 
Dismantling of Scra Starter Motors, Auto Generators, 
and Alternators. BuMines RI 8110, 1976, 7 pp. 
?*Batelle Columbus Laboratories. Energy Use ---- 


in Metallurgical and Nonmetallic Mineral ing 
(Phase 4 - Energy Data and Flowsheets, ied ον 
Commodities) Research Grant S0144093. B es Open 


File Rept. 80-75, June 27, 1975, 192 pp.; available for 
consultation at the Bureau of Mines libraries in Tuscaloo- 
sa, Ala., College Park, Md., Twin μα, Minn., Rolla, Μο., 
Boulder City and Reno, Nev ν., bany, t e 
City, Utah; and at the National rary “of Natural 
Resources, U.S. S. Department of the Interior, Was 


D.C.; and from the National SAS: Information Ser. 


vice, Springfield d, Va., PB 245 75 
Rosenkranz, R. D. Ene ion In Domestic 
Primary Copper Production. uMines h 8698, 1976, 22 pp. 
Beal, R. E., orig R. C. Hill. Field Evaluation of Zinc- 
Based Solders for Copper and Co oys. Research 
Contract H0252054. B es Open Mie Rep Rept li 101-76, Mar. 
25, 1976, 50 pp.; available for consultation at the Bureau of 
Mines libraries in Tuscaloosa, Ala., College Park Md., 
Twin roue * Rolla, Mo. Mo., Boulder City and Reno, 
Nev., , Salt Lake City, Utah; and at the 
National Lit Library: of Natural Resources, U.S. De ent 


of the Interior, W n, D.C.; and from the National 
Washington, D „Springfield. Va., PB 258 


Technical Info 
111/AS. 

2eShilling, R. W., and E. R. May. Case Study of Environ- 
mental] Im - Flambeau Project. Min. Cong. ὅ., v. 63, No. 
1, January 1977, pp. 39-44. 
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Table 2.—Copper produced from domestic ores, by source 


(Thousand short tons) 
Year Mine Smelter Refinery 
J972 RUNE 1,665 1,649 ; 
õù.Üið ²³˙“.ͥw dpf d Seas eng ος 1,718 1.705 1,698 
/ ως ο N UR ⁰ ο μασ 1,597 1,532 1,421 
/ͤͤ ο μμωμ ώς μασ y ον ος 1,413 1,874 
J mui ĩðͤ-v ß 1.606 1.461 423 


Table 3.—Copper ore and recoverable copper produced, by mining method 


Percent) 
Open pit Underground 
Year 
Ore Copper! Ore Copper? 
bkbüõͥõ.ö. ³ù UN 85 80 15 20 
up REMO poda NE x 89 T8 11 22 
ο REC TOUT HC VD RR ae Si u ών» 89 81 11 19 
ö§o cm ome oe hu e euet dr lee Rie 89 80 11 
1))J]J!!!..ü;ö,kð; y 90 8⁴ 10 16 


Includes copper from dump leaching. 
2Includes copper from in-place leaching. 


Table 4.—Mine production of recoverable copper in the United States, by month 


(Short tons) 
Month 1975 1976 

οταν a a ee 131,272 119,319 
κ ο en a ²« :: y 8 117,793 115,507 
March: oe. se i ee es 8 117,595 132,516 
/ cre teo e ert Wes πμ ⁰⁰⁰ym y y umay S 2 x= 123,219 134,931 
ο ος ας E E OEE PC κκ ο .... ð 8 126, 890 135, 433 
i ñę du Cu ME LL OEE I P ts zu 111,476 128,140 
duly hh E c Duel a eh A c eo ile UE M era 95,488 126,244 
6 ͥ ] ²⁰¹ð¹—ũt ½ꝛĩ— : ̃ dd gc δρ a cei d E m dare. 114.510 142,096 
September ³o˙¹ ⁰ ¹ .ͤ AAA A E 118.701 142, 825 
eee a ß σ ate NP eee ree Ind ua UTE 128,568 146,210 
Nh ³⁰ ee “ éꝓcä ] d αν νο πως 111,658 141,209 
FCC nh ³ GG—GuGu AA Luci Ei tes σος αι ae 116,196 141,156 
CJC;Ü; . %⅛²ꝛWũã dd μμ LLL ος μας 1,413,366 1,605,586 


Table 5.—Mine production of recoverable copper in the United States, by State 


(Short tons) 
State 1972 1978 1974 1975 1976 

Arizona παν πινω ELE 908,612 | 927,271 858,783 813,211 1,024,421 
Californien 598 369 194 344 375 
rds, μμ u 8,944 8,123 8,012 8,660 2,491 
Idalio.: / ⁵ KA καν 88 2,942 3,625 2,841 3,192 3,362 
Main. ccn Le Oe eee 1, 1,107 1,522 2,024 1,766 
Michigan- - - -- -2- 67,260 72,221 67,01 73,690 43,707 
Missourrtrt2naaa4„ä 11.509 10,273 2 14,258 11.050 
Montana... _ _ -. -. -.-. -.-..-.-.-. -- -. -. -- 128,110 132,466 131,131 87,959 91,111 
Nevada .— oua deu 8 101,119 93,702 84,101 81,210 58,160 
New Mexico . ......-. -. -. -.-.-. „„ 168,034 204,742 196,585 146,263 172,360 
Pennsylvania -_------------------ 2,011 1,845 DR = w 
Tennessee .................-.-.-..-. -. -. -.-- -- -. ---. -- 11,310 8,500 6,304 10,041 11,131 
%%%%éũ —— 8 259,507 256,589 230,593 171,155 185,458 
Other States! ______________-__--- 3,064 2,107 2,259 459 254 
Total. zu rl ĩ eee 8 1,664,840 1,717,940 1,597,002 1,413,366 1,605,586 


W Withheld to avoid disclosing individual company confidential data; included in “Other States." 
IIncludes Pennsylvania and Washington (1976). 
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Table 6.—Twenty-five leading copper producing mines in the United States in 1976, 
0 


r of output 
— . ͤ—v—... ...... D. ACA . —— K:— —— é— ꝛ—m— ꝛñe . —— — — ΓΞ 
Rank Mine County and State Operator Source of copper 
—rsVTa iiL LLLA —ß— . — — i Ta 
1 Utah Copper Salt Lake, Utah ____ Kennecott Copper Corn Copper ore, cop- 
per p precipi- 
2 Morenci __ _ _ _ _ _ Greenlee, Ari Phelps Dodge Corp ........- Copper ore, cop. 
per precipi- 
tes, copper 
8 San Manuel .... Pinal, Ari Magma Copper Coo Copper ore. 
4 Sier rita Pima, Ari Duval Sierrita Corn 755 
5 i Hl L2 m8 Anamax Mining Co Do. 
6 Tyrone Grant, N. Men Phelps Dodge Cors Copper ore, cop- 
per prece 
7 Berkeley Pit Silver Bow, Mont The Anaconda Company .....- Do. 
8 Ray Pit Pinal, Ari Kennecott Copper Corr Do. 
9 Pima ___ .....- i iB o ce Pima Mining Co 5 Copper ore 
10 Metcalff Greenlee, Ari elps Dodge Cord Copper ore, cop- 
per tailings. 
11 Pinto Valley Gila, Aris Cities Service ooo Copper ore, cop. 
per pi- 
tates. 
12 Chino Grant, N. Mex _ _ _ _ _ Kennecott Copper Corn Do. 
13 New Cornelia Pima, Ariz ........... Phelps Dodge Corp 3 Copper ore. 
14 White Pine Ontonagon, Mich _ _. _ White Pine Copper Co ........ ----- š [n 
15 Magma Pinal, Ari Copper F Do. 
16 Inspiration Gila, Ariz ............. -... 5 nsolidated Copper Copper ore, cop- 
| fate. 
17 Mission Pima, Ari ASARCO Ine Copper ore. 
18 Yerington __ _ _ _ _ Lyon, Ney The Anaconda Company _ _ _ _ _ _ Copper ore, cop- 
: , ; . per p precipi- 
19 Continental Grant, N, Men UV Industries, In Do. 
20 Silver Bell __ _ _ _ Pima, Aris ASARCO Ine Do. 
21 Sacaton Unit Pinal, Ari SEN. CRT CERE σα 
SS — llr eiie == E 
24 Esperanza ‘Ariz - — Duval Corp? Copper ore, cop- 
per precipi- 
tates. 
25 Copper Canyon Lander, Nev ...... ος o Lee Do 


Method of Ore treated Recoverable copper 
(thousand Remarks 
Copper ore: 
y concentration -.--- --------- 258,811 2,600,209 0.50 See table 9. 
By smelting ........-------------- 260 1,678 .82. See table 10. 
By leaching .-------------- 25,105 1312,714 62 See table 11. 
Total u. usu u Z z. zL 283,786 2,914,601 51 
Dump and in-place leaching ~~ -- eae 252,288 2 See table 11. 
Miscellaneous from cleanup, tailings, 
and noncopper ore? — 44,282 ue 
Total uw ERI XX 8,211,171 XX ο 
` XX Not applicable. 


Includes 150,884,677 pounds of electrowon copper. 
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Table 8:—Copper ore shipped directly to smelters or concentrated in the United States, 
by State in 1976, with copper, gold, and ‘silver content in terms of recoverable metal 


Ore τας Recoverable metal content Value of 
or ΗΕ — 0 TUI ee gold and 
State concentrated ———— PP eei dod τ; silver 
| ousan i Thousan roy ton 
short tons) career Percent ounces) ounces) "oh ore 
Arizona 173,472 1,657,015 0.48 97,636 7,216,850 $0.25 
Idaoo , .66 
Michigan 3,801 87,414 1.15 310,837 36 
Montana 16,781 156,001 46 19,843 2,935,682 91 
Nevada 7,820 16.498 49 28,81 : 18 
New Mexico 25,016 ,991 60 18,219 765,800 20 
Tennessee: 22, 55 W W 
Utah _.-.------—- 29,567 301,854 51 W W W 
Other States ος του m 2166,264 31,856,641 391 
Total? _______ 258,631 2,601,887 .50 $25,781 18,682,185 39 


W Withheld to avoid disclosing individual company confidential data; included in Other States. 
Copper zinc ore. 

Includes data for Idaho, Tennessee, and Utah. 
Data may not add to totals shown because of independent rounding. 


Table 9 Copper ore concentrated! in the United States, by State in 1976, 
with content in terms of recoverable copper | 


| Ore Recoverable copper 
| concen- content 
state fee d | Thousand ,  . 
ousan 
short tons) pounds Percent 
AY180688... um mde et s rai 173,292 1,655,558 0.48 
CY MENFE 141 1,852 .66 
Michigan «n.n uem a 8,801 87,414 1.15 
NORMA ——————— ——— (C crane 16,781 pen O 
σπα πασοκ ]ð ß yx y Eee ; : 
New Mexico -- ooo i 298,967 
ennessee*_________________________ sca 2,084 22,261 
Uab nl suut y mt 888 29,567 301,854 51 
JõööĩÜ5LC“CtTf ee ⅛˙Ü 7⅛ʃ rete l, l i M E) 258,371 2, 600, 209 50 


Includes foll methods of concentration: "Dual process" (leaching followed by concentration); "LPF''(leach- 
precipitation flotation) and froth flotation. 
pper-zinc ore. 
ata may not add to totals shown because of independent rounding. 


Table 10.—Copper ore ο. directly to smelters! in the United States, 


by State in 1976, with content in terms of recoverable copper 
| Ore shipped to smelters 
Recoverable copper 
state Short tons content 
Pounds Percent 
Arizona - S LA MI t S 180,069 1,457,528 0.40 
Montana: zz ³·¹ADàſà ⁰»k =urm:t kx 35 702 1.00 
r ß 29,788 195.152 33 
Um ο ο ον T I OE NT ab 118 5:90 
4%%%!ͤ ⅛˙]l!........ů3 ER CERRO SER PUE 260,066 1,677,739 32 


1Primarily smelter fluxing material. 
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Table 11.—Copper precipitates (from dump or in-place leaching) shi directly to 
smelters and copper ore and tailings leached (heap, vat, or tank) in the United States, by 
tate in 1976, with content in terms of recoverable copper | 


State recipitates | edi d tent Percent 

con con 

(short tons) (pounds) (short tons) pounds) 
ΜΗΝ 70,117 98,625,236 190 574,874 2287,527,188 0.70 
California 102 124,534 EM EM PES 
Montana 2 ` 22,785 25.824.354 E se np 
Nevada —.— — 10,821 14 619 681 4,530,184 25,196,416 38 
New Mexico — 28.227 44. ids id ni 
Utah 42,604 68,314,990 15 4500 1.00 
Total _____ 174,656 252, 287,640 25,104,578 312,718,904 r^ 


! Includes 11,855,466 short tons of ore leached for electrowinning, and excludes newly generated tailings. 
Ancludes 150,884,877 pounds of electrowon copper. 

SOre leached for electrowinning. | 

*Electrowon copper. 


Table 12.—Copper ore smelted and copper ore concentrated in the United States, 
and average yield in copper, gold, and silver 


Smelting ore Concentrating ore Total 
Value 
Thou- Yield Thou- Yield Thou- Yield Yield Yield per 
Year in in sand in ton per ton tom in 
short copper, copper, short copper, in gold, in ; gold 
tons percent tons! 8 percent tons! percent ounce and 
| silver 
19722 484 1.68 248,663 0.55 266,831 0.55 0.0019 0.059 $0.21 
1918... 331 1.40 212,688 53 289,998 53 0018 058 .82 
1974 805 1.26 269,016 50 293,443 .49 0014 .048 46 
1915... 857 1.85 239,614 48 263,003 47 051 44 
1978 280 | 82 258,371 50 283,736 .51 0018 068 .89 
!Includes some ore classed as copper-zinc and minor amount of tailings. 
3SExcludes tank or vat and heap leaching. (See tables 7 and 11.) 
Table 13.—Copper produced by primary smelters in the United States 
(Short tons) 
Year | Domestic Foreign Secondary Total 
1912 lune ³ AA ENSE E 1,649,130 41,263 69,017 1,759,410 
I1;§öÜ a 1,705,065 38,898 77, 815 1,821,778 
1914 ποσο ma AAA s 1,532, 817,150 79,543 1,649,859 
IIJJJJJ!küüöü MEE au Sb d d. 1,874,824 72,804 49,857 1,496,485 
WG ο ee eee eee des D E 1,461,256 73,8366 51,045 1,585,667 
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Table 14.—Primary and secondary copper produced by primary refineries and 
electrowinning plants in the 


United States 
(Short tons) 
1972 1973 1974 1975 1976 
PRIMARY 
From domestic ores, etc.:! 
Electrolytic _.._.._____________ 1,499,005 1,510,384 1,275,545 1,140,754 1,221,140 
Electrowon __________________ 21 1,988 26,485 23, 167 30, ,972 103,941 
Fire refined ........ ....... 159, ,469 161,518 122.193 114 463 97,642 
Toal rus m umen ED eii 1,680,412 1,698,337 1,420,905 1,286,189 1,422,728 
From ες 5 A 
mom 160,781 170,151 233,153 157,189 116,585 
Electron ο ο μμ NE v W W W 
Fire refined _..____.__________ 32,040 W W W » 
Total refinery production of 
primary copper 1,873,233 1,868,488 1,654,658 1,443,378 1,539,308 
SECONDARY 
Electrolytic? Wg 941,581 811,523 398,976 265,413 281,070 
Electrowon ο 2222- -- MEM W W W 
Fire refined |... _ _ ............ .... 16,667 14,290 13,543 5,467 7,616 
Total secondary ____________- 358,248 391,813 412,519 210,880 288,686 
Grand totllll _ 2,231,481 2,260,301 2,067,177 1,714,258 1,827,994 


W Withheld to avoid disclosing individual company confidential data; included i in "Electrolytic. = 


processing. 
and fire refined quantities indicated by symbo! W. 


Table 15.—Copper cast in forms at primary refineries in the United States 


1975 1976 

dert tons Percent et πια Percent 

dle rcu πο 8 61 3 50 3 

σεῖο. )))). 8 67 4 76 4 

A S ¢ mm 9 
and i Dal. col kms 

Wire bars ______________________________- 676 39 643 35 

Other forms _ l —— __ ee 13 1 24 1 

Total .__ _ é 1,714 100 1,828 100 


Table 16.—Production, shipments, and stocks of copper sulfate 


(Short tons) 
Production 
: Stocks 
Year ; Copper Shipments Dec.311 
Quantity content 

19189. oe oe es ,, ayu ee ee SI ELS 38,052 9,513 37,964 5,828 
ο NER REBELDE τοσα ee OCDE. 43,360 10,840 44,092 4,580 
ôö%ẽ —0 - mr 88 42,092 10,523 43,598 8,074 
1918. o un or A C EE 35,614 31,822 6,866 
1978. ³oÜw 32,122 8,421 80,431 8,557 


502 MINERALS YEARBOOK, 1976 


Table 17.—Byproduct = acid! (100% basis) produced in the United States 


(Short tons) 
Copper Lead Zinc 
Year plants? plants plants? Total 
CV.!!! ce μμ--- 1,010,614 ` 859,103 1,869,717 
Oc sg od. 1,088,322 146,591 819,537 2,054,450 
1974; Lu ⁰⁰ 1,277,440 182,594 ,969 . 2,241,008 
375 ο ERES OE 1,784,144 129,756 711,769 2,626,269 
1916 22 μονος ο μμ 2.281, 591 145, 872 799,778 3,227,286 


1Includes acid from foreign materials. 
*Excludes acid made from pyrites concentrates. 
Excludes acid made from native sulfur. 


Table 18.—Secondary copper produced in the United Sta es 


(Short tons) 
1972 1978 1974 1975 1976 
Copper 88 as unallo oyed copper 447,409 484,623 518,808 355,512 390,729 
Copper recovered in alloy) ci 853,564 892,534 831,012 616,458 754,545 
sous tal secondary copper! __________ Ll- 13500919 1,377,157 1344820 971965 1,145,214 
rce: 
New scraoee sss PCT CUN 842,119 890,943 «860888 602,192 726, 148 
Göͤͤͤͤ AA emm Emi ο ας ας MCA 458,194 486,214 488,432 369,178 . 419,126 
Percentage equivalent of domestic mine output - _ _ _ _ _ 78 80 .8 69 71 


Includes copper in chemicals, as follows: 1972—-3,038; 1978—-3,704; 1974—-2,649; 197 5— 2480; and 1976—-4,007. 


Table 19.—Copper recovered from scrap processed in the United States 
by kind of scrap and form of recovery | 


(Short tons) 
Kind of scrap 1975 1976 Form of recovery 1975 1976 
New scra As unalloyod copper: 
. 585,426 705.392 At pri plan — 270,880 238,688 
uminum- base 10 20,444 At other plante í 102,043 
Nickel-base ___________ 248 282 Total 355,512 890,729 
Zinc- base d 15 30 
Total- αερα 602,792 126,148 
Old scrap: 
Copper- base 858,496 404,144 In brass and bron ne 571,991 700,844 
Aluminum- base 0, 14,516 alloy iron and steel! : 21 
Nickel-base __ _ -.- -. 821 In aluminum alls ; 47,017 
B 8 In other alloyss 472 9 
Zinc base 95 187 chemical compounds 2, 480 4,007 
Total. PENES 369,178 419,126 Total 616,453 154,545 
Grand total 971.965 1.145.274 Grand total 971,965 1. 145,274 


Table 20.— Copper recovered as refined copper, in alloys and in other forms 
from copper-base scrap processed in the United States 


(Short tons) 
b From new scrap From old scrap Total 
Meer 1915 1976 1975 1976 1975 1976 
Secondary smelters. __ _ ---- - - - - - - - -- 53,606 57,419 162,508 188,162 216,114 245,581 
Puma ry Copper producers - 139,230 144.215 131,650 144,471 270,880 288,686 
7611 RI 381744 486,878 26,140 80,207 407,884 517, 085 
P s repr manufacturers .......-.-..----- ------ 11,426 14,698 91,388 89,455 48,809 54,159 
Chemical plant 1,159 2,182 1,330 1,849 2,489 4,031 


ιο πως οἱ eee ee: 587,165 705,392 359,011 404,144 946,176 1,109,536 
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Table 21.—Production of secondary coppa a and copper - alloy products in the United 


(Short tons) 
Item produced from scrap 1915 1916 
Refined b ub. rod 555 DM | | 288,686 
ined copper by primary ρτοάμοθτε..............-..-.-.-.....-... -. ~~~ -.-. -..... -. -.. -. -. -. ; 
Refined copper by secondary smelters ................ -.- - -..-.-...- ..-.... . 73,606 86,469 
Copper powder ..... ....................-. 2222222222222222222- 10,957 15,564 
CJ l nune LLL 8 69 | 10 
J!. —— ο ος 355,512 890,729 
ALLOYED COPPER PRODUCTS 
Brass and ronde ingots 
„JJC nn i ποτ AA | 83,474 | 34,421 
I Leaded Tad brass and semired brass „ | 89,799 120,233 
h-leaded tin bronze _._ „„ „„ „„ 23,304 26,143 
Mou 5 SS c πο 9110 19850 
Me DIOS. 7˙wi VVV: ώς ο ρε te ὃν ; ; 
Aluminum bronze ð 0 uu mea d eee La ER eee ; 6,736 
Nickel alver ooo V cL eL et M ELS 2,636 3,090 
Silicon bronze and brass ie 2,584 2,911 
Copper-base hardeners and master alloyhhh ---.- 10,765 .— 12,204 
J oss eee eee an ee 188239 228.677 
Bras mill products - . Lo o cac ee ² ² ˙rn.n. cence 510,384 649,713 
Brass and prone ÜöÜ'd ⁵ 8 31,759 36, 
Bras powder- õ ]⁰˙ðv¹.ĩͥũ % qͤͤ—— y edu ence 614 
Copper in chemical product ος ono uc 4 ας UE Το 480 4, 
%%%%/%hS̃ẽͥ T MEE LL E ML 71,088,945 1,310,226 
TRevised. 
Table 22.—Composition of secondary copper-alloy production 
(Short tons) 
copper Tin Lead Zinc Nickel um- Total 
Brass and bronze production: | | 
OT ete eee 144,209 9,297 13,419 20,848 422 44 188,239 
. ou 173, 060 11.398 16,870 26,831 449 69 228, 677 
Secondary metal content of 
brase-mill products: 
gUDlicue dc ecce 408,959 841 2,305 94,652 4,083 44 510 
1916. ee ee es 517,676 322 3,371 124,485 3,826 39 649,713 
Secondary metal content of : 
brass and bronze : i: , 
1915 ce A 25,860 857 1,963 3,045 1 83 31,759 
// ³˙»¹¹ 2 29,195 946 2,211 4,059 31 44 36,486 


1 About 92% from scrap and 8% from other than scrap. 
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Table 23.—Stocks and consumption of purchased copper scrap 
in the United States in 1976 
(Short tons) 
Stocks Consumption "e 
Class of consumer and type of scrap Jan 1 Receipts New Old Total een Y 
scrap scrap 
. SECONDARY SMELTERS 
Νο. 1 wire and heavy copper 2,184 26,942 9,449 23,519 21,028 2,098 
No. 2 wire, mixed heavy and light copper 5,121 1,006 13,869 46,031 59,900 6,221 
Composition or red bras 5,270 58,026 ,299 906 58,605 4,691 
Railroad-car boneekeLs 324 1,978 τα 1,852 ,852 450 
Yellow bras 5,102 47,647 4,971 41,246 46,217 6,532 
ridge cases and brass ................ -. -... 32 289 NM 195 19 126 
nu εν (unsweated) .........-....-.-. -. 4,015 57,887 Ne 51,823 7,823 4,139 
J ⅛ ð 1,692 20,274 3,267 16,653 19,920 2,046 
Nickel silver and cupronickel .....΄------. 789 3,043 357 2,728 3,085 747 
617 Re At eee sas 613 2,829 1,223 1,659 2,882 560 
Aluminum bron eee 191 490 427 140 114 
Low-grade scrap and residues 13,205 78,830 62,561 16,151 78,712 13,323 
ROUEN u u = uru u ol: 88,598 359,241 102,423 254.368 856,786 41,058 
PRIMARY oo 
No. 1 wire and heavy copper 5,043 115,247 59,425 58,244 117,669 2,621 
No. 2 wire, mixed heavy and light copper 3,528 140,451 80,489 47,851 128,340 15,639 
Refinery bras „ ; 436 3,794 4,230. 
9,619 17,790 
Low-grade scrap and residues 183,267 47,765 127,786 175,551 
/ AA RR 18,190 443,590 188,115 237,675 425,190 35,990 
BRASS MILIS 
Νο. 1 wire and heavy copper 11,246 159,250 130,585 28,665 159,250 12,814 
No. 2 wire, mixed heavy and light copper 4.415 71.778 69,928 850 71,718 5,042 
Yellow brass ...............--.-----------.-- ---- 886 074 269,074 E 269,07 26,942 
Cartridge cases and bras 8,090 18,028 18,005 23 18,028 9,334 
ο Αι 888 995 4,219 4,219 EE 4,219 800 
Nickel silver and cupronickel ........ 7,228 33,791 33,791 Z= 33,791 4,558 
brass fo ow ee eee 4,334 45,959 45,959 RS 45,959 4,026 
Aluminum bronze .....----------------------- 34 S 3 58 
Toal une 8 60,228 662,454 631,916 80,538 662,454 62,969 
FOUNDRIES, CHEMICAL PLANTS, 
AND OTHER MANUFACTURERS 
Νο. 1 wire and heavy copper 2,224 29,821 8,640 20,547 29,187 2,858 
No. 2 wire, mixed heavy and light copper 734 10,471 3,937 6,591 9,928 1,277 
Composition or red bras 507 4.446 1,368 3,150 4,518 435 
Railroad-car bones 597 ,098 sae 4,325 4,325 1,370 
Yellow brass _______________---- 523 7,951 5,549 2,499 8,048 426 
Auto radiators (unsweated) ... ---- ------ 1,211 797 "o 10,258 10,258 750 
%%%. pasan s 84 660 17 521 598 146 
Nickel silver and cupronickel ...........--- PUE 88 nne 82 82 6 
11 Ko TERN 1,486 814 641 1,455 61 
Aluminum bronze .........-.------------------ 59 414 86 363 449 84 
Low-grade scrap and residues 93 ΕΝ 64 UM 64 29 
Total /õöÜ˙·;ð %⅛%¼ wm mE 6,068 10,292 219,935 ?48,977 268,912 7,448 
GRAND TOTAL 
Νο. 1 wire and heavy copper --------- 20,697 331,260 202,099 131, 035 333, 134 20,8391 
No. 2 wire, mixed heavy and light copper 13,798 283,706 167,623 102,323 269,946 28,185 
Composition or red bras 5,777 62.472 667 49,456 ,123 5,126 
Rail Car bones 2 921 7,076 BON 6,177 6,177 1,820 
Yellow brass 29,511 324,672 279,594 43,745 323,339 33,300 
Cartridge cases and bras 8,1 78, 317 18,005 218 18,223 9,460 
Auto radiators (unsweated _ _ _ - _ _ _ -- 5,286 ; w 68,081 68,081 4,889 
Bonn ee 2,111 25,153 7,563 17,174 24,181 2,992 
Nickel silver and cupronickel .....-.------- 8,017 36,922 34,148 2,810 36,958 5,311 
w brasg m 888 4,983 50,274 47,996 2,300 ,296 653 
Aluminum bronze _ ---..--.--..- 1,319 868 503 1,371 251 
Low-grade scrap and residues 22,917 266,722 110826 147,731 258,557 31,082 
Total; usus mům2ẽ—ꝛ ee 123,084 1,535,577 942,389 571,553 1,513,942 147,460 


IBrass-mill stocks include home sarap, purchased scrap consumption assumed equal to receipts, so lines in brass-mill 


and grand total sections do not balan 


2Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 2,287 tons new and 1,936 old. 


Includes refinery brass. 
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Table 24.—Consumption οἵ copper and brass materials in the United States 
by principal consuming groups 


(Short tons) 
ο. 
; Primary Brass Wire 
Year and item producers mills mills p an i ας : Me 5 Total 
neous users 
1975: 
Copper scrap _ _ _ _ _ _ 372,505 518,364 = 60,098 301,601 1,252,568 
Refined copper! ____ Lu 438,970 1,061,255 £ 4,483 1,534,508 
rass ingot . _ _ _ _ 2 5,645 a= 2188, 669 c 194,814 
Slab zine ..... ne 106,942 -- 2,084 6, 115,826 
iva Miscellaneous m DN Su 150 12717 12,867 
Copper scrap -........... 425,790 662.454 = 68,912 856,789 1,518,945 
Refined copper 1 "e 584,755 1,364,048 35,568 7,519 1,991,885 
Brass ingot .... - -..... t 8,920 a 3228,204 ΜῈ 236,5. 
Slab zine - _ _ "e 157,398 s > 2,252 6,594 166,244 
Miscellaneous T EU ut 200 5,102 5, 
1Detailed information on consumption of refined copper will be found in table 28. 
28hipments to foundries by smelters minus increase in stocks at foundries. 
Table 25.—Foundry consumption of brass ingot, by types, 
in the United States 
(Short tons) 
1972 1973 1974 1975 1976 
Tin bronzes ..........-.....-.-...----------------.-.-.-.-.-- 40,526 47,963 53,702 40,982 83,117 
Leaded red brass and semired brass ________ ~~~ 145,617 136,012 117,088 97,782 
ee e 86,865 84,820 58,922 65,799 23,167 
ese bronn eee 9,933 10,868 9,778 6,843 5,695 
rs and master alloys ss „ 5, 6,633 6,053 4,420 8,885 
Nickel silver ...........-.-.-...-.-.-.----.--.-.---.--.--- 2, 2,908 8,104 2, 2,249 
Aluminum bronze ..............-----------᾽-----------.--- 6,222 6,882 7,143 5,281 5,928 


MINERALS YEARBOOK, 1976 


68918 ΙΙΙ 91799 86L'T 709 58871 ος 3091 des 88 Jö; : ur 


LL8Z 6699 985.6 961 LEZ 18L 96 219.1 906.5 CC 8 UT8UOOSI M 
900 9 985 € 0S6 ce QEF ΤΙ LOG 819 9P6'€ 119 ΟΙ J 8 oyo 
006'7 881˙9 695˙9 865 | s zi 998 998 9LL'V ο. ΠΠ ΗΓ Κ᾽ uerpo 
229.8 9012 699 ΤΙ LE 898 546 σ909 7 μα ων ολα Ισως ευειρυ] 
6L9'T 958 116 ST 189 VI 88 809 STL 598 11 . .. . STOUTTIT 
1811190 μον 1581 
[σ8 8 1066 500 6² 899˙¹ 61} Ut 2001 σι, Ι2ῬΙ , . ΕΙ [ΒΊΟ], 
3 031.2 669 L1 998˙1 098 9011 Ur 89F'I 6019 560000 ESS ees erueA[Asuuod 
9/8 ] 1681 080 OT 88 à " IPP eel 1 CISL οι ο. PDT ΟΕΕ NON MƏN 
200 € 9066 9291 SI OFT 591 909 rA: I ee Ke, MƏN 
| mus Θ[ΡΡΙΜ 
Gov 0591 58111 866 868 | el 096 1812 656˙9 OSL ww ¿k μα a mecum [810], 
2 | ( 468 6 36 | ( 16 801 . 98905 77777. ECC ------ JUOULIQA 
L : 3 š ‘pussy apoyy ‘olrysdureyy  ^eN  'eurepy 
j 500 1 I ; j 868 el | 
6» Ρ98 € 6S 686 019 9281 OB 83398n (98888]AI 
81 929 767 v eve | 0€ 868 L 960Z e ee 1norjoeuuo;) 
. | :pus[8us Mon 
pətúms peuns . SKoq[e | 55811 pe 
1ο8αι əzuoiq ΘΈΠΟΣΙ 
-U09 -U09 : JOATIS Inse sge twas pus S9zUOJ 
deios 1eddoo E AAR 8 us € pend 55311 Bai ut], i 91515 pus uoiStArp orqde18oor) 
iaddo) — peugey D^ SA sieuopreg NN popes] | 
(Suo? ους) 


91835 PUB UOISIAIP orudea33093 Aq 
“9161 ut 891515 pe3tu[) ay} ut das 1əddoə pus ‘1addo2 pəuuər ‘ad 41 Aq 03 uf 66814 jo uorjdumsuoo AIpunoj—'9zZ 9|181, 


507 


COPPER 


689'F9 290°SE 890 TLI $669 652“ 9888 969 ˙9 19162 CEL L6 ἐ11 55 
e8L'9T 866 L 9IS‘LI 0Ρ6 95 68 LÀ 25 1291 05661 9Ρ21 
858.7 ler n 921 n τ 901 ΗΝ T ZIT, 
PEP I L6L 660°LT 811 9r 68 SEF 818 T 696 51 p89 I 
L68 Orc LYL yI EE 5 6r 96 828 806 
816 Ζ6Ι Ἱ 02901 506 96 I 061 908˙ | GT9'C Gust | 
£08'6 6b δ62, 81 301 89 Lv 885 9F£'€ 00611 8058 
συ A LS6 £ev'8 688 089 LA LOE 888 66L'S 906 
σ6ι 56 599˙9 9e i Í 861 618 505 ˙9 (4:14 
089 P. | | 
095 59 68 I GL J vit 69 ους Vor 
Tee 1 ovr £66 8 809 6 94 169 6001 OIL'S 9LE 
849 . G6S‘Z 168 8Ρ6 OFS 0621 GGI 
4141! 6 9L 
EFS ` 86099 LET EL € — 4 Τ 590 


V D QE a R glujojt[6eO 
: ! 5010 


Dc 8 yen) 'ΟΟΙΧΘΙ͂Ν MƏN 
'epeAeN 'Β1Θ110Μ] “ouspi 'ope10[o?) *euozt1y 
| ΙΒ 1ΙΠΟΙΛΙ 
---- sBxay 'Θαιο{8|40 ‘BUBISINO] 'sesuex1y 
nus 4MOS 389 A, 
- eesseuue], 'iddississty] ‘Ayonzuey *eureqepy 
151190 nog 1583 
Pm Up ET UU EUIS [51Ο], 


------------------ BIUIBITA 399 


————— pus rej ‘soan 
pH, ‘BIQUIN [OD Jo 3211381 *eyewe[aq 
:nueny YING 


uie BOYEY u1noS 'exse1qaN “LInOSSIJ 


------------- ΒΊοθθυττμ ‘SESUVY *eAo[ 
ΤΘ11190 YHON 389M 


508 MINERALS YEARBOOK, 1976 


Table 27.—Primary refined copper supply and withdrawals on domestic account 


(Short tons) 
1972 1973 1974 1975 1976 
Production from domestic and 
foreign ores, etee -.....-. -......-. 1,878,233 1,868,488 1,654,658 1,443,878 1,539,308 
Import 192,379 202,955 813,569 146,805 881,524 
Stocks Jan. 1! !!!!!! 75,000 57,000 37,000 101,000 207,000 
Total available suppl)/ 2,140,612 2, 128,443 2., 005, 227 1,091,188 2, 127,832 
Copper exports ο ο IE Le NOR E 182,743 189,396 126,526 172,426 111,887 
StocksDec.31! L22 ------------------—- 57,000 37,000 101,000 207,000 190,000 
Total ο εαν ο αν ώμο ee 239,743 226,396 227,526 819,426 801,887 
Apparent withdrawals on 
domestic account ?____________________ 1,901,000 1,902,000 1.778, 000 1,312,000 1,826,000 


1 May include some copper refined from scrap. 
3 Excludes copper, if any, delivered to industry from national stockpile sales. 


Table 28.—Refined copper consumed by class of consumer 


(Short tons) 
Ingots — Cak 
Year and class Wire and "ai ; 
of consumer Cathodes bar ingot ano Billets Other Total 
bars 
1975: 
Wiremils_____ _  _ _ _ 312,066 745,102 W "^ _. 4087 1,061,255 
Brass milz 171,812 21,571 72,452 97,236 15,899 Ε΄ 488,970 
Chemical plants .............. -. -. en ia is 2 E 461 461 
Secondary smelters 2,542 W 1,931 2s 22 W 10 4.488 
Foundries ._ ------------ 1,176 897 11,661 W W 264 13,998 
Miscellaneous 2,142 217 5, 421 214 178 6, 563 15,885 
Total ες ος ο oe ex 490,338 767,787 91,465 97,450 76,077 11,391 1,534,508 
1976: 
Wire mills _ 588,604 766,863 W aoe E 8,581 1,864,048 
Brass mils 263,834 23,192 92,141 121,911 83,077 e 584,755 
Chemical plante = ἘΠ — us n 501 501 
Secondary smelters _ - 3,645 W 8,872 i SR 2 7,519 
Foundries ..- --- 1,193 1,159 12,653 αλα W 361 15,866 
Miscellaneous! :?:: 3,627 W 7,077 148 W 8,844 19,696 
Total unma 860,903 791,814 115,743 122,059 83,077 18,289 1,991,885 


W Withheld to avoid disclosing individual company confidential data; included in “Other.” 
1Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper powder and 
copper shot, and miscellaneous manufacturers. 


Table 29.—Stocks of copper in the United States, Dec. 31 


(Short tons) 
Blister and Refined copper 
Year apa ᾽ "τ : Wire Biss New York 

efi refining! producers mills mills Other? ras 
οι. ος δαν ώς 281,000 51,000 50,000 28,000 5,400 57,800 
J ο uu S 37,000 2, 30,000 5,600 5,900 
ων ώρα ee 324,000 101,000 108,000 36,000 6,900 43,200 
)) C 312,000 207,000 119,000 31,000 6,100 100,000 
1918 — E A E 321, 000 190, 000 114,000 36,000 7,000 201,000 


1 Includes copper in transit from smelters in the United States to refineries therein. 
2 Includes secondary smelters, chemical plants, foundries, and miscellaneous plants. 
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Table 30.—Dealers' monthly average buying price for copper scrap and consumers' 
alloy-ingot prices at New York in 1976 


(Cents per pound) 
Grade Jan. Feb. Mar. Apr. May June 
Νο. 2 copper scrap ----------- 36.98 37.92 39.76 41.95 44.10 43.66 
Νο. 1 composition crap 31.98 32.92 34.76 36.23 37.10 36.45 
No. 1 composition ingot ________ 63.00 63.00 67.20 71.98 73.00 73.00 
July Aug. Sept. Oct. Nov. Dec. Average 
No. 2 copper crap 46.93 45.13 43.71 38.48 35.00 34.10 40.69 
No. 1 composition crab 37.18 37.05 35.21 31.06 29.50 28.60 34.06 
Νο. 1 composition ingot ._______ 73.48 75.00 13.00 69.67 69.00 69.00 70.08 


Source: Metal Statistics, 1977. 


Table 31.—Average monthly quoted prices of electrolytic copper for domestic delivered, 
in the United States and for spot copper at London 


(Cents per pound) 
zd κ. οι C PENES 
Domestic delivered London Domestic delivered London 
Monts American spot! American spot! 
etal p enm etals Metal M etals 
Market τ Week Market Week 
Januar 68.86 69.03 54.91 63.63 63.63 54.09 
February _________- 64.32 64.18 51.44 63.63 63.63 55.29 
Maren 64.32 64.18 60.85 64.73 64.68 60.25 
April ο οκ κα ζω 64.32 64.18 60.28 69.26 69.24 68.50 
7 SEIEN 64.32 63.78 56.81 70.63 10.63 68.56 
June 63.67 63.14 54.04 70.63 70.63 70.26 
M See καο 63.02 62.48 55.43 74.63 74.63 74.66 
August 64.31 63.79 57.91 74.63 74.63 69.73 
September! 64.31 63.79 54.86 74.63 74.63 66.20 
Pluto lic 64.31 63.79 53.46 12.34 12.06 58.30 
November 64.31 63.79 53.44 70.63 70.63 57.98 
December 64.31 63.79 52.18 66.10 65.77 58.41 
Average 64.53 64.16 56.08 69.62 69.56 63.92 
! Based on average monthly rates of exchange. 
Table 32.—Average weighted prices of copper delivered 
(Cents per pound) 
Domestic Foreign 
Tear copper copper 

õõĩõĩ] « ] E a UR Li 88 51.2 48.6 
Dio REDEEM μμ ⁵ Gs S ERIT ODE T RUE enn Lae 59.5 80.8 
J ³¹ WWW.... y 8 77.3 93.5 
/öÜÜ ο οποτε 64.2 56.0 
Ill.... ³ QM 8 69.6 63.5 


Source: Metals Week. 
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Table 34.—U.S. exports of copper, by class 


Ore, concentrate Refined copper 
and matte (copper Blister and 
content) semimanufactures 
Quantity Value Quantity Value Quantit Value 
(short (thou- (short (thou- (bot. (thou- 
tons) sands) tons) sands) tons) sands) 
11. ea 12,488 $17,387 2,660 $3,568 202,203 $448,584 
19716 co a ees 8,307 6,917 1,545 1,270 258,165 465,553 
r ene le 14,858 13,960 2,123 2,622 176,877 313,377 
Other copper manufactures! Total 
Quantity Value antity Value 
(short tons) (thousands) Mer tons) (thousands) 
117. L 8,832 $17,583 225,683 $481,122 
πο ος AA ee A T 9518 14,158 211,585 481,898 
19106. ὃς ule 4,923 8,435 199,376 | 838,394 


!Does not include wire cloth: 1974-1,954,750 square feet ($869,778); 1975-2,268,914 square feet ($1,064,516), 1976- 
1,238,812 square feet ($832,196). 


Table 35.—U.S. exports of copper-base alloy (including brass and bronze), by class 


1975 1976 
Class ti Value Quantit Value 
(short (thou- hort. (thou- 
tons) sands) tons) sands) 
——Á— OX: $1,195 $2,042 
Scrap and waste 99,213 84,1 76,106 64,120 
Plates, sheets, strips  --.------------ $181 12:315 4,126 1:318 
strips _.__________________ ; : 
Pipes à and tubing tna cbe ο... 6, 19,193 6,213 19,596 
Pipe fittings ..........-.---.-...--.-----.--------- 6,953 23,146 : 28, 
Plumber's brass gos 1,277 4, 1,472 4, 
Welding rods and wire --------------- 2,477 1,939 8,656 
and forgings ------------------- 3,181 958 2,868 
Povas and flakes uno noue RU 2,901 1,849 1320 
Articles of copper and copper bass alloys, n.e.c e. (1) 7,278 (1) 8,766 
Total. ua sh ein eL LN 130,254 179,838 110,665 177,270 
1 Quantity not reported. 
Table 36.—U.S. exports of unfabricated copper-base alloys! ingots, bars, 
rods, shapes, sheets, and strip 
Quantit Value 
Year (short tons) (thousands) 
õĩõĩõĩ%t“„ T %⅛˙Üẽ POR ⅛ðâ 23,181 $62,598 
L(g gn ος οι λος 11,245 26,167 
Tr sassa usa ² ͤͥ⁰⁰²'m mm! p 8 12,193 34,305 
1 Includes brass and bronze. 
Table 37.—U.S. exports of copper sulfate (blue vitriol) 
Quantity Value 
Year (short tons) (thousands) 
IUE cL οι ia ꝛ·¹¹mwꝛ ðͤ EEUU 1,815 $2,138 
1öͤĩÜÜͤ˙ ̃ ũ ́[V§ͥ·ͥĩwrr s UL sued m 8 1.248 2, 067 


11d... md ⁊ o ĩ 8 2,071 2,985 
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Table 38.—U.S. exports of copper scrap, by country 


Unalloyed copper scrap Copper alloy scrap 
1915 1916 1915 1916 
Country tit Valu tity. Value tity Value tity I Value 
(short (thou (short (thou. (short (thou. (short (thou- 
tons ) tons) ds) tons sands) tons sands) 
Bean μμ SALE 453 $538 170 $198 2,035 $2,101 83 $59 
Belgium- Luxembourg 3,998 8,105 2,658 1,701 5,289 3,628 8,889 5,710 
razil i-e ee 15 62 51 108 310 280 111 82 
Canada 4,755 5,575 6,374 7,632 6,838 6,307 6,194 6,961 
Denmark a= ae M" im 199 15 
Finland __ _ _ _ Le f m 116 891 
France . _ _ _ _ --- 101 90 4 2,016 1,382 4,442 2,582 
Germany 
BCC A Ens 190 130 
West __ et 4,184 8,825 1,771 1,301 9,804 9,929 8,809 8,481 
Hong Kong 269 82 7 7 
ndia __ 46 363 405 543 1,396 3,091 2,687 
77 ase 702 587 1,137 855 11,862 9,371 9,452 7,282 
ο e eer 7,118 7,220 4,728 5,399 ,038 20,045 15, 18,986 
Korea, Republic off 9,945 9,560 12,481 13,034 10,90 9,446 10,093 ; 
Mexico . _ - 1,104 845 2,018 1,656 236 
Netherlands 558 519 209 256 2,105 2,455 815 805 
orway --—----------- 115 119 Ten m 160 20 22 
Pakistan ____________ 803 35 14 1,829 1,650 40 35 
Spain __ οσο κών 3,882 2,715 1,496 1,502 5,823 5,203 5,128 4,108 
Sweden ____________~_ 303 385 19 290 3,042 1,917 128 511 
Switzerland 627 615 DN ; 1,410 1,444 1,818 
aiwan _____________ 4,325 2,265 2,156 1,818 2,981 2,750 8,009 1,586 
ilanßgcgeg 36 139 : 515 176 166 
Turkey» zs -- A aa Pn isle, 379 360 
United Kingdom 295 272 776 479 2,421 2, 428 1,494 1,233 
Venezuela |... _ _ _ .. 360 198 S ue 429 121 139 119 
Other .—— ³˙·1 450 518 71 67 1357 r366 197 61 
Total u. L 45,002 40,793 87,413 37,079 99,213 84,153 76,706 64,120 
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Table 39.—U.S. imports for consumption of copper scrap, by country 


Country 


Germany, West 


Mexi 
Neth 


μπακ κ 
erlands Antilles 


Nicaraguains 


Unalloyed copper scrap (copper content) 


1975 | 1976 
Quantity Value Quantity Value 

(short tons) (thousands) (short tons) (thousands) 
S ao Mus 77 $84 60 $50 
ONETO 11 8 32 35 

59 96 8 
Pd. 7,619 7,663 11,199 11,218 
24 25 1,098 1,491 
829 286 7 285 
HP 226 533 112 242 
87 107 17 13 
65 37 213 149 
3 65 53 23 
a ies 16 84 137 149 
125 77 86 55 
37 86 36 
4,202 3,844 5,507 4,541 
SOURCE 129 233 59 77 
272 265 234 124 
30 28 181 176 
NES 231 220 7 6 
29 64 67 
5 46 54 25 19 
593 647 356 454 
— 2 ^ 1442 19,85 ^ 119,281 
Copper alloy scrap 
1975 1976 
Gross Gross 

Content Value : Content Value 

7 — (short (thou- ΤΕ (short (thou- 
LERRA 16 10 $24 ΤΝ ἌΝ 
110 106 101 151 $97 
130 194 20 14 17 
6,820 4,461 5,828 10,865 6,924 10,122 
94 8 184 146 128 
60 31 4 "s ο = 
6 4 2 2 1 
πες 18 19 19 8 6 
ERN 320 206 481 1,446 1,112 1,329 
απ δε nm M ae. 27 27 27 
NN 2 1 1 17 10 1 
= 78 76 70 
ο 723 474 449 1,126 714 760 
6 14 10 9 122 87 
3 4 3 3 88 62 62 
177 115 149 389 265 836 
REM 221 115 186 as ΜΉΝ m 
24 17 10 18 9 11 
= - D 39 39 82 
59 39 51 68 48 55 
9,011 5,831 7,639 14,643 9.646 18,141 
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Table 40.—U.S. imports! of unmanufactured copper (copper content), by class and 


country 
Ore, concentrates Matte Blister 
Year and country Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
J914- οὐ TR 53,421 $76,504 2,624 $12,293 207,830 $393,553 
1975: 
Australia 2,134 1,723 EE En f 7 19 
Belgium-Luxembourg ------------ oat on mS A (3) 1 
Botw anna. ος A 5,489 20,374 DEN cun 
Canada .. _ _ ——ꝛk 38,958 46,922 15 29 4 
el mc P RN 18 ) 19 35 26,283 27,007 
Honduras __ s 2,094 706 is -- -R RD 
Japan o _ ο ο tua de 9 10 21 24 
Miese 2,461 1.054 e S 8,822 11,598 
Nicaragua s 0 421 -- M PE m 
Νοτναγ................... -. -. -...-...... .. -. -. -. -.. Ho ye m 
πα κε vy iue ce eae 6,077 6,746 ΚΙ NUN 80,951 82,423 
Philippines 12,601 14,199 C FONS ANZ = 
S TS 1 0 c = S EX 
South Africa, Republic off E zum 3,153 14,451 2,470 2,679 
South-West Africa, Territory of ae EM me νε 20414 23,154 
United μμ. CCC ES T 1 10 ZA em 
Vugosla via c EN uc c 2 En 
Other «ecco κος εώς (2) (2) 328 858 ER — 
Total- ou u een 64,879 71,821 9,092 85,781 88,951 96,879 
xd 
ustralia. _ --—---------------- 465 332 -- es 9 17 
6 JJC NE ae aa οί. ο” = οὐδε 
Botswana == κ» 14,224 55,665 es nt 
Canada ......... .... -.- -.- -.---.-.-.--. 41,179 60,696 110 88 1 191 
i s = = κ. Επ 30,817 35,280 
Honduras `... ---------------- 160 169 E μα. Hem iir 
a MUT ασ i xus zum zum ἐν 
apah i c io ee ών ae ES ne = 
Mexico eset ch ah EET Nes COMER ER a nA 3,144 8,461 
New Guinea 1,949 2,884 = = ο. Wee 
Nicaragua _.____.-__-~-~-~---- 611 TM 5 a M 
Norway - -- ------------------ M bE = B 
Peru ο ee eee eee Sees 4,323 5,351 x S 6,726 8,269 
Phili νην 717! Qe SEDENS 15,047 19,295 e anes ἘΝ zs 
rune CEN 1,025 74 m es εν. 2 
South / Africa, Republic ff se m 8,949 22,524 E Te 
South-West Africa, Territory off "ne ΜΝ ἘΠΕ e 2,521 2,180 
vnde onm --------------- -- -- -- -- -- -- 
ugoslavia___ _ -- -- -- -- ----------------- e Sa E v. ae T 
J/%˙ũßʃũ 8 zum I xd ENS ον X 
ZambiaK «Kinn n s e NM 1,108 1,407 
/// A 2 (2) ius 1 2 
M!. AA 70, 687 89,913 18,283 78,211 44,484 51,353 
See footnotes at end of table. 
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Table 40.—U.S. imports! of unmanufactured copper (copper content), by class and 
country —Continued 
Refined Scrap Total 
Year and count Quantity Value Quantity Value Quantity Value 
i (short. (thou. (short (thou. (short (thou- 
tons) sands) tons) sands) tons) sands) 
51 PEPE N ES Rc u S 313,569 $551,726 31,158 $50,717 608,602 $1,084,798 
1975: 
Australia: ooo ok Sees 1,278 1,409 77 8⁴ 491 3.229 
Belgium Luxembourg 7,405 8,204 59 96 1,464 8,301 
Botswana -..........-.. ----.-.- -.-.- -.. -. -. -- -- MN — -- 5, 20,874 
Canada. os ccn umma 70,747 88,484 7,619 7,663 117,463 143,102 
ù! . ⁰ σώοι 28, 626 30,378 24 25 54,970 445 
Honduras ___ za ΕΝ 66 δ8 2,159 159 
Japan. ucc WAW 8,259 10,469 37 86 8,882 10,589 
τ... ----------------------- 912 ο ui dn ie 
77777!!! . ex a m 
Norway uu u L ee 242 2a κ. 242 292 
7J%7õ»d³ EEE E E E 6,864 7,011 net pu ,892 46,180 
Philippines Sa SS ἜΝ Ja 12,601 14,199 
/ he et hte ⁵ 8 ae Mie σα Sa 117 40 
South Africa, Republic ohh ETE xe S -- 5,628 17,190 
South-West Africa, Territory ob = = ΕΕ AN 20,414 28,154 
United Kingdom „„ 1.157 46 54 818 1,221 
Yugoslavia... LL --.-. -.-. -- -.-.--.--.-. -.-. 21,494 347 I: S. 21,494 21,947 
J 8 212 842 2,180 2,526 2,120 3,726 
U ³˙ÜÜw1ꝛ⁴¹ꝛ ͤ K ee 146,805 170,086 14,399 14,459 324,126 389,026 
db 
322 ĩV 88 1,829 1,525 60 50 1,863 1,924 
9 Qu hl μμ 3,664 3,846 8 14 3,672 3,860 
Botswana -.............---------------------------- ἘΞ i 25 E 14,224 55,665 
Canada |... -.- - -.-.-.------.-.-.---------- 94,025 123,115 11,199 11,218 152,671 195,248 
Chile: z oca ος ο ὡς kn ee 69,873 81, 1,098 1,491 101,788 118,066 
Honduras ...........--------------------------- ES m 21 23 187 192 
§öĩÄ—ẽẽ ce NT EEEE. 3,307 3,175 a = 8,307 8,175 
Japan _ _ . ME QE. ME — 36 48 86 48 
Mexicdtoo 2 ILII ILII 424 536 5,507 4,541 9,079 8,545 
New Guiness siete . εἴας T" 1,949 2,884 
Nicaragua ............-.-. ----.-------.------------ τος = 181 176 714 787 
/// L oon eee a ame sies im oce 180 204 me "C 180 204 
Perito su mz το ἂν απο. 29,034 32,274 τ. me 40,083 ,894 
Philippineeessꝛ t --- = «M 15,047 19,295 
Rhodesia ............--...------------------------- 162 217 M n 1,187 791 
T EE mox — Β "m 
est erritory οἵ .....-------- — Be αλ. "om 
United Kingdom . .........--.----------------- 3,316 3,510 25 19 8,941 8,529 
Y MERI. ο e LA ,984 49,599 — SN 44,984 49,599 
Waive lllud 4 ae 2,582 2,779 ME = 2,582 2,TT9 
Zambii emo πω εν 127,162 149,881 sates T» 128,270 151,288 
G h. W W,, meni 490 ` 823 1,594 1,656 2,087 1,981 
Total. ος ο usu ss 881,524 453,325 19,735 19,231 584,718 692,099 


1 Data are general imports, that is, they include copper imported for immediate consumption plus material entering 


the ) country under bond. 
3 Less than 1/2 unit. 
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Table 41.—U.S. imports for consumption of copper (copper content), by class 


See footnotes at end of table. 


Ore and : 
concentrates Matte Blister 
Year Quantity Value Quantit Value Quanti Value 
(short (thou- (short (thou- er (thou- 
tons) sands) tons) sands) tons) sands) 
1914. oun 84,128 $121,422 2,426 $12,083 200,607 $383,491 
JT aza 29,301 85,649 5,675 20,560 78,969 90,846 
S8 35,197 49,861 14,097 54,878 19 144 
Refined Scra 
| E Total 
Quantity Value Quantity Value value 
(short (thou- (short (thou- (thousands) 
) sands) tons) sands) 
/// A 313, 349 $551,442 31,109 $50,641 $1,119,029 
T7 odes 142,945 166,159 14,399 14,459 821,61. 
1918 ο νερο ος 881,843 453,219 19,735 19,231 599 
Table 42.—Copper: World mine production by country! 
(Short tons) 
Country 1974 1975 19165 
North and Central America: 
% ee iiM 1905, 417 808,904 823,570 
Cuba uo dd C ER uaasu "8, 73.900 8,300 
Dominican Republic ............----------------------------------------------- 500 E 2 
Güsten. s s E s s s s s Y S s EU ee Es 1,994 2,822 8,185 
ö nux Ss ⁰˙. öm; md 86 91.128 86,196 98,073 
κ κ ο μον che ILLUM IL 8 1,957 711 696 
United Statms „„ 1.597, 002 1,413,966 1,605,586 
South America: 
ffn... ³ 3 I 847 202 220 
C»öô] 0 d dd y uy M n e Ie rg 962 7,045 5,277 
ποια er ˙ ον ee 8 3,390 2,119 *2,200 
1 ERE E ORE NOE τος ³ NOE DC PEL 994,394 913,043 1,108,042 
Colombia" ce ß , E oe ee 80 80 
!! asus m aya Sas ua E a az 197 263 *300 
Per ous T0000 ͥ CLE he EL LL 233,241 3191 840 3001 991 
Europe: 
J)JJJG0ͤùĩÜið ⅛ NA scil ͤ õ yd h LL DO 2 8 540 8,540 8,800 
AURI as pppd f 2,962 2,186 1,254 
Bulgarig — 1o. ä ² ĩ . It EE 55,160 60,583 59,525 
Czechoslovakia .....................-.-.-.-.-.----.-----.--.--.------ 75,200 75,500 5,500 
J ⁰.¹¹0⁴ſſſſdſdſuddſↄſ eu Au LT να, 39,850 42,770 42,1 18 
CO eec EccL 432 551 
Germany, t -—-———————— —— M ashe *1,700 *1,700 
Germany, Westddʒd 1,911 2,162 1,778 
LM ο ο xxx 1,583 1,080 
HüngBary . ent uui cci E LE 1,300 1,300 1,300 
Deland" ¿c ß ß cL kau asas ie °13,942 10,803 4,519 
Halt cmo SEE S ος ολο 8 915 1,011 1,010 
Norway z ο παν. over ossi y ⁰ʒd 26,587 30,991 34,728 
CiC fe SD en ee ä Th A LE 218,300 260,000 300,000 
Portugal" ³oWwmiꝛA 00 Ad a ee 23 u ως 6,226 5,511 4,955 
Romania ώμο eee ĩͤ eas € 737,500 * 741,000 44,644 
ü ff cech a CLE LUI ae 87,807 48,344 *44.000 
Sweden ___ e e Lr Las M eee et eh SE UE E Ut LU. 44,195 44,791 51,987 
USSR SS ο ο ο wr 8 816,000 843,000 880,000 
United Kingdom .......----------.---------------------------- 478 504 
ρα κ EM" 128,587 126,649 132,409 
Africa 
Fia e co ων M σι ασ ών μη 410 440 440 
%%% nme eue Eun urus ας asss ανα 2,623 1,154 18,759 
Congo (Brazzaville) 1,025 1,010 450 
Ethiopii au za oe ee ⁰ðd 440 440 440 
Kenya o icol t E ami EE 80 80 
;; ⁰A¹¹. ]˙Ü.¹A; 22, 133 17, 861 10, 396 
J a use ο οκ ⁰ͥ⁰¶⁰ͥꝗʒdd πω d III u a e 5,952 5,291 64.400 
h ³o AA y ----. 689 155 2770 
Rhodesia, SouthernnZuQnsas t cL LLL c „„! 43,315 48,531 34.969 
South Africa, Republic of ........----------------------.----.--- 197,436 97,233 217,023 
South-West Africa, Territory oft 35,801 €43,000 ,500 
Uganda n mx. 8 13,496 9,370 9,921 
Zaro -a ͥͥͥ Z TTſTſſdſſ%ſſſſſſdſꝓſſãſ/́ꝗĩ uU ILC LM e Ee 524 547,111 490,098 
1: ]³»¹0·. ο essi eto d t e 769,364 746,177 781,391 
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Table 42.—Copper: World mine production by country! —Continued. 


(Short tons) 
Country 1974 1975 1976P 
Asia: 
Burma! _ _ _ souz POPE Tl 94 101 
China, People’s Republic afl 110,000 110,000 110,000 
νο τος ο λαο μες νεος 8 12,346 10,91 11,023 
Indig ο ον ος ας pean Ae y 30,953 42, 54, 
Indonėsia _ — - —- - μμ ον . ο... 71,210 69,997 75,398 
Ian ο coss ð2-v ym i E cett dents 1,980 1,980 1,631 
IL "I" TM 12,100 8,270 
)))) E Sonne ka sS d NE 90,538 93,674 89,618 
Korea, North 14,000 14,000 14,000 
Korea, Republic of —-—-----------------------—--—-—— 3,080 2,944 2, 

P E ee ee N S «55 4,189 20,062 
Philippines 77.0 s u ee r249,077 9, 255,185 
τιν o oU 0 Ma Uma eM aba sa a asss 2,160 2,100 2,200 
Turkey llc n: v su το ασ ας 42,165 40,319 *35,800 

Oceania: 
Australia πα os αμ πμ ] ] d ⁵ c cd 211,055 241,363 239,683 
Papua New Guinea? |... „„ "202,491 190,123 193,793 


Total m nm 88 "8,047,959 7,671,661 8,212,179 


*Estimate.  PPreliminary. "Revised. f 

1Data presented represent copper content (recoverable where indicated) of ore mined wherever possible. If such data 
are not available the nonduplicative total copper content of ores, concentrates, matte, metal and/or other copper-bearing 
products measured at the least stage of processing for which data are available has been used. 

verable. 

Copper content of concentrate produced. 

*Corporacion Minera de Bolivia (COMIBOL) production plus exports by medium and small mines. 

5Smelter production. 

*[ncludes copper content of cupriferous pyrites. 

7Excludes an unreported quantity of copper in iron pyrites which may or may not be recovered. 

* Year ending September 30 of that stated. 

Data are compiled from operating company reports of Tsumeb Corp., Ltd., General Mining and Finance Corp. Ltd. for 
Klein Aub Koper Maatskappy Ltd.'s mine near Rehoboth, and Falconbridge Nickel Mines Ltd. for Oamítes Mining Co. 
(Pty.) Ltd., Oamites mine. Data for General Mining and Finance Corp. Ltd. are for fiscal years ending June 30 of tha 
stated, while data for the other companies are for the calendar years. 

10Copper content of matte produced. 

11Year beginning March 21 of that stated. 

12Copper content of run-of-mine production was as follows in short tons: 1974—90,985; 1975—93,952; 1976— 90,181. 


Table 43.—Copper: World smelter production by country: 


(Short tons) 
Country 1974 1975 19165 
North America: 
ö; ff puedo ecu u "568,351 547,076 538,582 
Merio" eoru ewe sea LL tr ote LE 86,322 84,188 . 98,889 
" rey ees States? ες αλ masis ee ας ⁵¼ũ4 8 1,569,816 1,447,128 1,584,622 
u erica 
71111 A 90 90 90 
Brazil uu ο ον κο ͥ⁰ͥ⁰ y y iens ee e eiu . 2,156 1,442 e 
Chie* πο nuc ]⁰ . LLL M 198,403 798,513 .. 043,908 
i Cl TP ee E TA 194,560 173,081 . 204,588 
rope: 
Albania’ erc uud . S 8,540 8,540 8,800 
„ c ο πως M 2,870 (Š) = 
. 17800 2.90 2290 
Bu — — — — — — — a —— —— ——— — — — — — — — — — —— — — , 4 
Czechoslovakia? _____.____-_---------------------- 6,600 71,100 6,690 
i B: aaa 48.569 ο EU 
Germany, East’... L LD "—————Á—— ῶς — 1 1, 
Germany, ο μμ πω σοι μαμα σωμα ων 191,834 185,326 200,069 
Hungary 3272 —— ͤ 8 1.300 1. 1.300 
NOFWBV co e e C 34,984 29,045 26,258 
F ολο ines eu ⁰⁰⁰ ee ee 215,000 1280, 000 305,000 
FFH“... r —— 3,970 3,527 93 500 
Cd AA ee oe 737,500 741,000 ,600 
JJ) ZZV de iE 142,449 157,883 155,721 
πω αμμώνιο -m LB cL 5,125 45,7 
USSR? i or en e 8 816,000 843,000 
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Table 43.—Copper: World smelter production by country! —Continued 


(Short tons) 
Country 1974 1916 19165 

Africa: 
Rhodesia, Southern? ) LLL LLL LLL 45,200 41,400 42.000 
South Africa, Republic off 162,920 165,020 175,598 
South-West Africa, Territory of!!! 51,381 40,135 31,000 
/Cô% ase dds pte Seah 9,827 9,149 8,800 
Zaire!? J ⁵ Ü ud ³ dd é Ste ES 1515, 440 509,929 449,996 
μ᾽ ο αν κοπο m ky y PUR SER 7782,089 726,453 778,127 

ia: 

China, People’s Republic ohhh 110,000 110,000 110,000 
õͤͤͥ ͥ us r ms 8 12, 100 26,4 21,230 
ö. SVV πο ο. 7,170 7,700 7,700 
ον πμ μα Te ονομα «Ἵνα 1,049,954 905,496 946,710 
Korea, North ........-.---------------------- 14,000 714.000 14,000 
Korea, Republic oe’!!! 13,670 22,377 32,739 
BINAD πα . of μμ eS 4,400 6,173 4,400 
Ci s οι COMINUS VPE d 32,603 29,707 26,460 
Oceania: Australia _____._________ Le r216,195 198,457 186,842 
Total o ul metu Dr Z ee 2 Es Le es ice 18,067, 651 . 1,192,556 8,163,968 


Estimate. Preliminary. Revised. 

1Unless otherwise noted, data presented for each p etd represent primary copper metal output, whether produced 
by thermal or electrowinning. To the extent possible, refined copper produced from imported blister or electrolytic anode 
copper has been excluded. 

pper content of impure bars and electrolytic copper. 

3Smelter output of domestic and foreign ores, exclusive of that from scrap; production from domestic ores only was as 
follows in short tons: 1974— 1,532,066; 1975—1,374,324; 1976—1,461,256. 

*Figures presented are total blister and equivalent copper output including that blister subsequently refined in Chile 
and copper which is produced by electrowinning. 

ised to zero. 

*Belgium reports a large quantity of refined copper, but this is mainly from imported blister; domestic smelter 
production is reported output of blister copper from ores. 

"Reported Norwegian copper output is derived in part from “opper mota matte imported from Canada, and reported 
Canadian smelter production may also contain this material. Norwegian smelter output from domestic ores was as 
follows (approximately) in short tons: 1974—6,500; 1975 —7,500; 1976—7,600. 

* Year ending September 30 of that stated. 

Data from Tsumeb Corp., Ltd. 

10Data include refined copper plus exported blister and leach cathodes. 

Includes secondary. 


Table 44.— Copper: World refinery production by country! 


(Short tons) 
Country 1974 1975 1976P 
North America: 
Canada o πμ πο ο ον ο ο eee EE 616,329 583,342 562,749 
MEXICO ⁵˙ àddddddddddddddddſ́ũ'Cꝓãdꝗãſddk 8 15,179 69,610 83,134 
United eee... Bem 1,654,658 1,443,378 1,539,308 
South America 
Ji: AAA LLL ee 90 90 90 
Brasil T i ο Lice ð- 8 41,120 31,750 34,280 
CC ↄ c Y σι μαμα Lr. 593,150 589,960 696,700 
J νο υπο 0 ß t 8 42,940 58,390 154,451 
Europe 
Albania" xccl d LL κ μμ ee 8,540 8,540 8,800 
AUSTIN o eue ος eS te et e ru AC E E 29,446 29,686 31,514 
Belgium" u πουν μυ d 7428,036 393,551 502,796 
Bulgaria’ o c ee A T 52,900 52,900 52.900 
Czechoslovakia 22,981 25,159 26,455 
Finland e ο υπο νο ρουμ πω 42.199 39,423 42,052 
ranee πια pp cu d ων» 24,866 21,491 21,269 
Germany; Bast’... απο 50,700 52,900 52,900 
Germany, West μωρο ον οσα 466,896 465,397 492,271 
Hungary -------------------------------- 19,000 19,000 
d e eee 21.345 21.688 18,543 
Pf ³o¹AA AS cL Eu 215, 000 274, 500 ; 
7 το ο N es 2.793 1.365 1.270 
Romania? o . . ll) 0: C s 137, 741,000 44,600 
cerae dida ο ο τ τυ τα... 160,055 152,833 165,640 
Sd LL ο ο ο κ οκ» 52,335 54,5 *57,800 
GS e e E 777,000 800,000 
United Kingdom d,. ee eee mt eee eee 76,165 83,226 56,832 
Yugoslavia ο y το ee 154,038 136,562 134,027 
Africa: 
Rhodesia, Southern? ______________----------_------ 33,000 33,000 33,000 
South Africa, Republic of --—-------------------------- 97,550 95,240 105,050 
Ci edt eet ci s S piysa ec d at ee CE E 25 280,617 249,128 12,752 


ACAD ο . y A S 746,103 693,518 766,043 
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Table 44.—Copper: World refinery production by country! —Continued 


(Short tons) 
Country 1974 1975 1976P 

Asia: 
ne People's Republic att 165,000 165,000 165,000 
pst porc EROR DOOR I oe tee 12,976 18,016 21,223 
ας. οποιον 8 1,100 7, 00 
%%%; ³˙.à⁴¼ͥ ¹¹ TA ͤ 1.097, 955 902,639 952,783 
Korea, North" SS ea ee ci es 14,000 14,000 14,000 
Korea, Republic offILUl „ 13,668 23,069 $2,780 
Taiwan o τος ος eL LU m ea Et T E 10,868 9,413 12,853 
Turkey =u ee a eee ee ee eee eles 32,630 23,589 17,600 
Oceania: Australia ce Ed LL uU dE dm DL E 179, 082 182,730 177, 186 
Toal oe x μασ ³A˙˙˙wwmw bb... 78,362,404 7,867,312 8,318,751 


Estimate. Preliminary. Revised. 

1Unless otherwise noted, data presented for each country represent total primary refined copper (both fire refined and 
electrolytically refined), ircluding refined from imported crude copper (blister and electrolytic anode). 

3Includes secondary. 

Pata include leach cathodes from Zaire, secondary, and alloy material. 

*Excludes metal content of leach cathodes which are included in Belgian production. 


Diatomite 


By A. C. Meisinger! 


U.S. production of processed diatomite in 
1976 increased 10% in quantity and 20% in 
value compared with that of 1975. Filtra- 
tion, with 60% of domestic demand, con- 
tinued to be the major use for diatomite 


during the year. Exports of processed diat- 


omite also increased and represented 24% 
of domestic production in 1976. Diatomite 
imports totaled 5,154 tons (a record quan- 
tity) in 1976 and were primarily from West 
Germany. 


DOMESTIC PRODUCTION 


Production of domestic processed diato- 
mite in 1976 was 631,380 tons valued at 
nearly $55 million, or increases of 10% in 
quantity and 20% in value compared with 
that of 1975. 

Production continued to come from five 
States: California, Kansas, Nevada, Oregon, 
and Washington, where companies operated 
16 mine and plant facilities. Domestic pro- 
ducers in 1976 were Johns-Manville Sales 
Corp., with operations at Lompoc, Calif.; 
Grefco, Inc., Lompoc, Calif., and Mina, Nev.; 
Excel-Minerals Co., Taft, Calif.; Airox Earth 


Resources, Inc., Santa Maria, Calif.; NL 
Industries, Inc., Wallace, Kans.; Eagle- 
Picher Industries, Inc., Sparks and Love- 
lock, Nev.; Cyprus Mines Corp., Fernley, 
Nev.; American Fossil, Inc., Christmas Val- 
ley, Oreg.; and Inorganic Specialities Div., 
Witco Chemical Corp., Quincy, Wash. 

Witco Chemical Corp. revealed plans in 
early 1976 to construct a new plant to 
manufacture diatomite products by 1978. 
Site of the plant was not announced by the 


company. 


Table 1.—Diatomite sold or used by producers in the United States 


1972 1978 1974 1975 1976 
Domestic σος (sales) 2 Short tons 576,089 608,906 664,803 512,582 631,880 
Average value per ton $65.19 $59.26 $16.31 $80.01 $87.08 
CONSUMPTION AND USES 


Compared with 1975 consumption, all re- 
ported end uses of diatomite increased in 
quantity with the exception of silicate com- 
pounds and additives. Filtration continued 
to be the major end use with 60% of 
domestic demand for diatomite in 1976, 
followed by fillers, lightweight aggregates, 
and insulation. Miscellaneous end uses 


included abrasives, absorbents, additives, 
admixtures, carriers, and coatings for 
numerous applications, primarily in the 
agricultural, chemical, construction, and 
paint industries. | 


Industry economist, Division of Nonmetallic Minerals. 
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Table 2.—Domestic consumption of diatomite, by principal use 
(Percent of total consumption) 
Use 1972 1978 1974 1975 1976 

T:: ¹·¹Ü⅛.k ⁰ cu 58 61 60 60 60 
FI eo om acces uui sca E W W W W W 
Insulstiaeůhn k 4 4 5 4 5 
Miscellanseo unn 88 85 85 86 85 


W Withheld to avoid disclosing individual company confidential data; included with "Miscellaneous." 


PRICES 


The weighted average price per ton of 
processed diatomite sold by producers was 
$87.08, an increase of 996 compared with 
the 1975 price of $80.01. Price increases 
were substantial for diatomite used in fil- 
tration and fillers (table 3) in 1976. Average 


prices per ton for diatomite used as abra- 
sives and lightweight aggregates also in- 
creased compared with 1976 prices. The 
only major end use for diatomite that did 
not increase in average price in 1976 was 
insulation. 


Table 3.—Average annual value per ton of diatomite, by use 


Use 1975 1976 
CC ]⁰Ü5Adddd ⅛ “ A iL EE $91.78 $99.34 
SSS Sia E Nae aS a a cs MDC 8 62.61 62. 
N Lulu d ee oe ee m M arm cee ata 145.56 146.04 
περα. ONES" 
Menu um ui uc 45.68 48.10 
Weighted average . ........--.--------------------------------------------------------------- 80.01 87.08 
FOREIGN TRADE 


The quantity and value of U.S. exports of 
processed diatomite increased 1% and 11% 
respectively, compared with those of 1975. 
The quantity exported. (149,200 tons) repre- 
sented 24% of domestic production (631,380 
tons) in 1976, or 2% less than in 1975. 
Principal countries of destination were 
Canada, 41,675 tons; Japan, 15,088 tons; 


West Germany, 14,845 tons; the United 
Kingdom, 14,886 tons; and Australia, 12,002 
tons. The average value of exports was 
$113.64 per ton, compared with $104.18 in 
1975. Diatomite imports totaled 5,154 tons, 
of which 96% came from West Germany. 
The 1976 import total was a record quantity 
and exceeded by 34.5% the previous rec- 
ord quantity imported in 1975. 


Table 4.—U.S. exports of diatomite 
(Thousand short tons and thousand dollars) 


Year 


Quantity Value 
"LS 186 17,541 
_ 147 15,914 
τ 149 16,982 
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Table 5.—Diatomite: World production, by country 


(Short tons) 
Country 1974 1975 19165 
North America: 
Cepeda" 224 24 LLL iE 560 560 
Costa Rica ....-...--------.-------ο---ε-κω r 1, 100 r 1, 100 790 
§ö»́—ê³Ä]AAggꝗd 3 md eiae 26,048 048 
ned %%%» μωωκωώα κανω 664,303 578,000 631,000 
Argentine uU eee eee eee Sk 718,815 16,585 *17,000 
Brel joes fet Seo μαο ανν 1,208 548 56,600 
Φυσικα . pene 2,524 205 864 
Οοἱοτιδία..............-.-...------------------------------------- 606 r *660 *660 
%%˙%5ð¹. ˙ . 0ꝓ“M ꝓ P Nm¼«-.!!.. sud uS r eg, 800 14.000 19,008 
Europe: 
AUIS ο Set eet ee kee ewe sees 2,189 1,781 2,075 
Diatomite® ...................---.--------.-.-.--.-.-.-.-. 22,000 28,000 28,000 
nC μον M SPADA NORMA mi 240,000 250,000 250,000 
y ο ο τει ο κ μα. 280,000 230,000 280,000 
Germany, West (marketable)h)hh) 756,628 60,219 *61,000 
EM EON ee αν ος 8 *24,800 25,021 
1 ͥͤ ·¹ͥ%%/ſ%/ͥ ͥ AA SS: Lue 84,960 r *85,000 *35,000 
Portu ο ο ͥͥ eL ⁰»- Au D E 2,090 2,904 8,472 
Em 2 EE - 
DA Loue emu See eee uie ume. 
Sweden it ee A eee 624 466 440 
USSR" uu. eh E Lr 8 440,000 450,000 460,000 
United Kingdlonnnnnnnn 4,409 ; °9,800 
3 8,800 11.000 16,500 
MENOR ο ο ο ες x OS E 1,764 454 860 
Kenya J ες ↄ˙ y' ĩ -... ͤ SoD om 1,827 1,983 2,941 
South Africa, Republic of ...----------------------------- 866 715 682 
Asia: Korea, Republic ß 12,884 21,258 14,862 
Oceania: 
777;·;k ꝛms y Ecc eL 18,199 6,110 *1,800 
New Zealand . __ 44 ,024 8 8,800 
Total. u ισα ο 1,887,018 1,829,912 1,904,704 


Digitized by Google 


Feldspar, Nepheline Syenite 
and Aplite 


By Michael J. Potter! 


Feldspar production in 1976 increased by 
10% compared to 1975. Sales to the glass 
industry were unusually high during the 
first half of 1976. However, the electrical 
porcelain industry, although not a large 
consumer of feldspar, was plagued by a 
series of lengthy strikes. No spot shortages 
of feldspar, including potash feldspar, oc- 
curred during the year. 

The feldspar industry continued to face 
some difficult factors. Possible stricter con- 
trols on land use could make new mining 


permits very difficult to get. Other situa- 
tions to be faced are long-range goals to 
strictly regulate waste water discharges and 
air emissions, rising costs of mining ma- 
chinery and milling equipment, and enor- 
mous construction costs. 

Legislation and Government Pro- 
grams.—According to provisions of the Tax 
Reform Act of 1969, which continued in 
force throughout 1976, the depletion rate 
allowed on feldspar production (both do- 
mestic and foreign operations) was 1496. 


Table 1.—Salient feldspar statistics 


1972 1978 1974 1975 1976 
x Sold or used by producers! short 746,212 791,900 762,728 — 669 789,684 
MI μι ιο ρα tons. . ; y 

Value nid ο ο ο ο. - Z $10,688 $12,890 111.55 711.728 $17,581 

ο ο ee at a short tons. 1184 9554 18,819 9543 St 

noche F. consumption _____________ short tons_ 1 182 867 92 290 98 

— ------------- z ms 1 „ 

World production... ~~~ thousand short tone.. 2994 3.050 3,319 2, 2,850 

"Revised. 

Includes trate feldspar, and feldspar in feldspar-silica mixtures. 


hand-cobbed feldspar, flotation-concen 
*Measured by quantity sold or used plus imports. 


FELDSPAR 


The 1976 domestic output of feldspar 
ready to be put into final form for use (that 
is, the total quantity of hand-cobbed feld- 
spar, flotation-concentrate feldspar, and 
feldspar content of feldspar-silica mixtures) 
was 10% higher in tonnage than in 1975. 
The value for the 1976 output also increas- 
ed; the values for 1976 in table 2 represent a 
more highly refined product and are not 


comparable to previous years. Actual mar- 
ket prices for most types of feldspar increas- 
ed 6% compared with those of 1975. 
Feldspar was mined in 10 States; North 
Carolina led, followed in descending order 
by Connecticut, Georgia, California, Okla- 
Physical scientist, Division of Nonmetallic Minerals. 
Revere ο ὃς Feldspar. Min. Eng, v. 29, Νο. 3, March 


1977, p. 59. 
Work cited in footnote 2. 
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homa, South Dakota, Arizona, Wyoming, 
Maine, and Colorado. The combined outputs 
of the first four States named amounted to 
9396 of the U.S. total. 

Most of the feldspar used in glassmaking 
is ground no finer than 20 mesh, and 
substantial tonnages of feldspathic sands 
(feldsper-silica mixtures) enter into glass 
furnace feeds with no further reduction in 
particle size. Feldspar to be used in ceramic 


and filler applications is usually pulverized 
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to minus 200 mesh or finer. In 1976, 14 U.S. 
companies operating 16 plants produced 
feldspar in 10 States for shipment to des- 
tinations in at least 21 States, Puerto Rico, 
Canada, and Mexico. North Carolina had 
seven plants, and California had two. Arizo- 
na, Connecticut, Georgia, rpm South Ca- 
rolina, South Dakota, and Wyoming each 
had one plant. A change at one company 
took place as Sobin Chemicals, Inc., became 
part of IMC Chemical Group, Inc. 


Table 2.—Feldspar sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


Flotati Feld τη 
Year Hand-cobbed concentrate mixtures! Total* 
Quantity Value Quantity Value Quantity Value Quantity . Value 
1972 os sce 89 653 585 7,954 172 2,621 746 10,688 
0 cou 58. 656 546 9,789 ` 198 2,406 192 12,890 
1974 .— oum 46 412 580 8,784 187 2,199 163 11,896 
710 17 214 581 9,260 122 2,198 670 11,728 
1908 cuz 28 3821 601 18,606 111 8, 140 17,581 
1Feldspar conten 


"Der ay not dd ο”... 


In 1976 there was as usual. no significant 
consumption of feldspar in the raw, unpro- 
cessed state in which it is taken from the 
mine. The majority of users acquired their 
supplies already ground and sized either by 
the primary. producers or by merchant 
grinders, although some manufacturers 
of pottery, soaps, and enamels continued 
their custom of purchasing crude feldspar 
for grinding to their preferred specifications 
ín their own mills. The Bureau of Mines 
canvass of producérs and merchant grind- 
ers does not provide information concern- 


ing the end use distribution of the material 


handled in this way. It should be noted that 
a substantial portion of the material classi- 
fied as feldspar-silica mixtures serves in 
glassmaking without additional processing. 

The 1976 end use distribution of feldspar 
in the United States indicated that 67% of 
the total was consumed in glassmaking and 
80% was used in pottery. The remaining 396 
was used in a diversity of applications, 
including glazes, enamels, soaps, abrasives, 
sanitary ware, rubber products, and electri- 
cal insulators. The end use data in table 3 
for 1976 represent more comprehensive 
canvass coverage than in 1975. 


Table 3.—Feldspar sold by producers, by use 


" 1916 1916 
* (tort toda) (thousands) Θα) (thousands) 
Hand-cobbed: 

PE ο eee re 11,899 k^ id 
Other i s te S 4,811 175 26,908 925 
TOO o -- ο ο ee ἕτο-ο 16,810 584 27,008 929 
Glass 3 254,141 4,188 401,899 8,474 
VVV 120015 4601 T 15 
TO Lc Lh o˙· www TT 441,159 10,200 18,814 
mixture: ------- 
Ru τ 555 28570 400 i > 
Other U d 27,582 806 81,801 1,282 
TOL LL eu 77, 608 1.502 120,980 4,148 

- : 
Eu e M Bea di Fires 
J ( 52,412 1,642 17,895 - 895 
Total 541,577 12,286 180,818 18,886 


der e CNN μυ μυ 


"herus me 
uo cin insulators; totals for Quanti ' and “Value " for 1976 
do not correspon jo tin edens et tha ed, of Ehe thee Fr “Other” categories above. T 


PRICES Feldspar | prices were quoted by Industrial 


Minerals (London) December 1976, as fol- 
Engineering and Mining rna} s , 
cember 1976, listed the following š ii lows (converted from pounds sterling per 
feldspar, per short ton, f.o.b. mine or long ton to dollars per short ton): 
carload lots, bulk, depending on grade 
(prices were generally about $1 to $8 per ton ceramic powder, 200 mesh, 


higher than the corresponding quotations of ex-etore ______ ee eee $50-$54 
the preceding year): VV 29. 89 
North Carolina: | No explanation was offered for the fact that 
eee EAE 427.50. 29.00 the ceramic. grade quotations were about 
200 flotation __ ` ` ` ` 28.75- 41.00 17% lower than their 1975 counterparts, 
while those for ceramic and/or pus mate- 
8 4000 rial were 26% lower. 
e — 8000. 3000 
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In 1976, U.S. exports classified as feld- 
spar, leucite, and nepheline syenite (but 
presumably all or mostly feldspar) amount- 
ed to 6,144 tons valued at $352,492, which 
was approximately two-thirds the tonnage 
reported in 1975 and about one-half the 
value. Chief recipients of the exported 
material were Canada, 5896; Mexico, 1996; 
and Venezuela, 12%. The remaining 11% 
was shared by nine other countries. 

U.S. imports for consumption of feldspar 
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in 1976 were lower than in 1975 and 
amounted to only a small fraction of the 
quantity exported (2% of the tonnage, 5% of 
the total value). In addition to feldspar and 
nepheline syenite, U.S. imports in 1976 
included 1,018 tons of material, probably 
feldspathic in nature, that was classified as 
“Other mineral fluxes, crushed" with a 
total value of $197,959. 

The tariff schedule in force throughout 
1976 provided for a 3-1/2% ad valorem duty 
on ground feldspar; imports of unground 
feldspar were admitted duty-free 


Table 4.—U.S. imports for consumption of feldspar 


1975 1976 
Country i Val Val 
| αμ μων (fart tn (μναῖ 
Crude: i 
J K m E 98 $11,614 
South Africa, Republic of: 1209 $11,138 zc τ. 
PPC 209 17,188 98 17,614 
crushed, or pulverized: 
RUM a ee Ai 79 5,800 -- au 
United Kingdom .................-...-.-----------------΄ 2 450 E Blu 
Totalʒl ___ 81 6,250 ΜΝ μα. 
1 Adjusted by the Bureau of Mines. 
WORLD REVIEW 1296. Nepheline syenite imports were 61,000 


South Africa, Republic of.—Pegmin (Pty) 
Ltd. was to acquire all the base mineral 
claims, surface permits, mining, crushing, 
and milling plant, stores, buildings, ve- 
hicles, and raw materials of South African 
Feldspar (Pty) Ltd. (SAF). Pegmin is a 
wholly owned subsidiary of Rand London 
Corp. Ltd. SAF is South Africa's largest 
feldspar producer and, along with Pegmin, 
has activities concentrated in the Phalabor- 
wa district. The payment for the purchase 
was to total some $1 million.‘ 

Spain.—Detailed discussions of Spain's 
industrial minerals, including feldspar, 
were featured in a journal article.* 

Sri Lanka.—A series of mineral explor- 
ation programs involving industrial min- 
erals was being conducted by the Sri Lanka 
Geological Department. Feldspar explor- 
ation was to be in cooperation with the 
Ceylon Ceramic Corp.* 

United Kingdom.—Feldspar imports for 
1975 amounted to 147,000 tons and came 
principally from Norway, 5696; Finland, 
25%; and Sweden, 1196. In 1974, feldspar 
imports were 153,000 tons, mainly from 
Norway, 65%, Finland, 18%; and Sweden 


tons in 1974 and 41,600 tons in 1975 and 
came from Norway and Canada.’ 
U.S&.S.R.--The U.S. S. R., which lacks 
large, commercially viable bauxite reserves, 
has done pioneering work in the production 
of alumina from nepheline and other 
alumina-containing minerals, which are 
plentiful in the country. An article in the 
Soviet foreign trade bimonthly, Soviet Ex- 
port, stated that production techniques are 
now used at two aluminum smelters near 
Leningrad and at an alumina complex in 
Siberia. In producing alumina from nephe- 
line, the only other raw material said to be 
required is limestone, with the complete 
processing cycle yielding alumina, potash, 


soda, portland cement and metallic 
gallium.* 
“Industrial Minerals (London). Feldsper Giant Changes 


Hands. No. 108, April 1976, p. 18. 
Industrial Minerals . The Industrial Minerals 
o Spain No. 108, April 1976, pp. 15-56. 
“Industrial Minerals (London). News & Min- 
eral Notes. No. 101, February 1976, p. 
"Industrial Minerals 


. UK 1975 Mineral Im- 
ports. No. ου. 
relire te gr Soviet Alternatives 


for Alumina Production Said To Be Cheap, Clean, Easy. V. 
177, "e dune 1976, p. 85. 
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Table 5.—Feldspar: World production, by county 
(Short tons) 
Country! 1974 1975 1976? 
North America: 
— —————— 38,000 *33,000 *33,000 
Mexico .................-.-....-......................................... 158,521 80,782 
United ME 8 762,728 669,898 789,684 
(I Seo eee teeta eats 162,780 64,000 - *66,000 
„% :. ß 107,246 119,687 120,000 
αν. REDDERE ee ee NU MESE 8,098 491 106 
Colombo eer ccce ze ος Cu. c uL 31,636 88,000 *33,000 
PON oe eo y eee ee DL 92.800 r 4,805 
UNMUSY =... oo ß ĩ . sowie 1,987 1,989 1,262 
ER nd EORR RR ο. αλλ... 70,082 117205 «5182 
Gu a 5 ο 5 05 5 πο EM 391 331795 
e ß d 262,1 204,158 201,281 
Norway’ JJ 8 185,915 49,561 «50,000 
NEMPE ODER ο ο οι ο... 38,000 38,000 38,000 
τι... ος πο ο σα οκ C ae $2,959 14,506 14,686 
Romania? lu S uu ie ewe ee ee ie 64,000 64,000 64,000 
Ες ο d οσο ος 79,698 95,102 *99,000 
Sweden__________________________________ 820 *55,000 
USBH' S Su numas v LE "303,000 310,000 $10,000 
United Kingdom (china ton“ “ 55,000 ,000 55, 
Y ae a oe ene os ee eS 61,833 60,129 *60,000 
Africa: 
— EPOR NORMEN 2,456 es 2,846 
----- JJ 8 8,183 1181 “1,800 
M bi ο ο ο RE DIM NNI AE E Mes *950 
South Africa, Republic ocz -L12111 460 50, 
a ο ο τε ο cT 199 4454 970 
p μονο D Ae ])) Zl— A AE LA 6138 E 981 
India VVV 88718 22434 68,878 
777. oo eee 188 22,198 28,889 
Pakistan ος ̃ m ¼⅛mqFꝓqæ . 11 — 2,981 16799 
τε 859 850 8,526 
Thailand_________________________________ Asc on- 7.714 14,858 13,511 
Oceania: Αμαϊσαἴίία..................------------------------------------------------------- 14,569 8,966 54,100 
Total 3,318,886 2,892,908 2,849,794 
n additi M gis Chen listed, the le’s Republic of China, Romania, and the Territory of 
on un 8 
South-West Africa produce feldspar, but a T reliable estimates of output 


Desde in source as lump feldspar does iot include Ber belle ayeniis ad follows in dhori tonk 1974; T214,591; 1975, 
r208,826; 1976, *200,000. 
?Includes pegmatite. 


labradorite. x | 
ein addition, the following quantities of aplite were produced in short tons: 1974, 589,670; 1975, 851,056; 1976, 394,598. 


TECHNOLOGY 


The Federal Bureau of Mines continued 
its work on new or improved beneficiation 


ducts Division plant installed horizontal 
filters to decrease product moisture content 
at its facility which went onstream in May 


methods with domestic raw ores, including 
some New Hampshire granites. Included in 
these granites are potash and soda feldspar, 
quartz, and biotite. In other Bureau re- 
search, work was initiated on recovering 
alumina from anorthosite (high lime soda 
feldspar) using the lime-sinter process. 
Sobin Chemical's Ceramic & Glass Pro- 


1975 at Spruce Pine, N.C. The feldspar 
concentrate slurry is pumped. to an 8-foot- 
diameter filter for dewatering to 8% moist- 
ure. The product is then dried and screened 
for shipment to customers.* 


*Chemical Processing. Two Horizontal Filters Handle 
52,000 Pounds Per Hour. V. 89, No. 11, October 1976, p. 47. 
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A U.S. and a Japanese patent were 
awarded on the use of sulfuric acid instead 
of hydrofluoric acid in the flotation process 
for separating feldspar from quartz. Pilot 
results at North Carolina State University's 
Minerals Research Laboratory at Asheville 
have indicated that recoveries are not quite 
as high as with hydrofluoric acid. Also, the 
ore has to be ground to a finer mesh to 
effect adequate separation. This could re- 
sult in a dustier preduct, a disadvantage in 
the average glass furnace.’ 

Steps were taken at the Owens-Illinois, 
Inc., glass container manufacturing plant in 
Winston-Salem, N.C., to bring about greater 
fuel efficiency. These fuel-saving steps were 
brought about by using a new type of oil 
burner on the melting tanks which im- 
proves heat distribution; by bubbling the 
glass to accelerate melting and better uti- 
lize heat input; and by using ample insula- 
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tion, especially under the melter bottom.!! 

Investigationg were made into origins of 
bubble defects in commercial soda-lime- 
silica compositions melted in large float and 
window glass tanks.** 

Molded insulating fiber glass components 
are said to be finding broad applicability in 
such automotive uses as hoodliners, head- 
liners, and various insulations for side 
cowls, floors, van engines, and bus panels. 
The insulating material, which is strong, 
lightweight, and semirigid, provides greater 
thermal insulating efficiency than heavier 
weight hardboard or molded plastic pro- 
ducts for similar applications. 

Major articles on electric melting of glass 
from the beginnings to the foreseeable fu- 
ture, compiled from The Glass Industry 
Magazine, were published in book form. 

Several research papers were published 
relating to various types of feldspar.!* 


NEPHELINE SYENITE 


Nepheline syenite, a rock of igneous ori- 
gin with a texture similar to that of granite, 
consists essentially of mixtures of nephelite 
with varying proportions of the alkali 
feldspars. Nepheline syenite found thus far 
in the United States has been of a quality 
suitable only for use as crushed stone. 
Canada, however, has an immense deposit 
at Blue Mountain, Ontario, from which two 
firms, Indusmin Ltd. and International 
Minerals & Chemical Corp. (Canada) Ltd., 
mine high-grade material that serves ad- 
vantageously as an alumina-bearing ingre- 
dient in furnace feeds for glassmaking, as 
either a body component or a fluxing agent 
for ceramics, and increasingly in recent 
years as a filler for plastics, latex articles, 
paints, and paper. 

Canadian production of nepheline syenite 
in 1975, the last year for which an estimate 
is available, totaled approximately 520,000 
tons with a value of $8.7 million. This 
represented a 16% decrease in tonnage and 
a 6% decrease in value compared with that 
of 1974. The quantity exported to the 
United States in 1976 was back up to the 
§00,000-ton level. 

Other than Canada, only two countries 
produce significant quantities of nepheline 
syenite—Norway, with 345,000 tons in 1975 
and 297,000 tons in 1976, and the U.S.S.R. 
where, although production figures are not 
released, the mineral is known to serve the 
customary applications of the glass and 
ceramics industries and also to be a major 
source of cell-feed alumina for electrolytic 


aluminum plants. 

The price range quoted for imported 
nepheline syenite in Ceramic Industry Mag- 
azine, January 1977, was from $18.00 to 
$81.45 per ton, depending upon grade, puri- 
ty, grind, packaging, transportation, quan- 
tity sold, and other factors. Industrial Min- 
erals (London), December 1976, quoted price 
ranges for Norwegian nepheline syenite, 
cif. main European port (with a minor 
degree of uncertainty because of the float- 
ing sterling-dollar exchange rate), as fol- 
lows: 


Glass grade, 32 mesh (Tyler), bulk, 
per short ten m 3 $94 
Ceramic 825 mesh (Tyler), 

per short ten §1 


Prices for Canadian material were listed 
as “nominal.” 


Work cited in footnote 2. 

118vec, J. J. G ο. : 
Copggaic Ine BL and R'E. riam. Bubble in Flat 
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A 197% . Molded. Fiber Glass Cuts 
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Table 6.—U.S. imports for consumption of nepheline syenite 
| Crude Ground 
Year i Val ti Val 
— En 

/ eL ² A LR. 4, 605 $19 506,028 $7,558 

Ni!!! ss 424,838 

|| A ME ERAN MERE πας > S 2112 it 499,185 8788 
APLITE 


Aplite is a fine-grained granitic rock con- 
taining quartz mixed with varying propor- 
tions of soda, lime-soda, or potash feldspars, 
any or all of which make it potentially 
useful as a raw material for manufacturing 
container glass. However, to be made ac- 
ceptable for that purpose, the material oc- 
curring in most deposits must first be pro- 
cessed to eliminate most of the iron-bearing 
substances it usually contains. Japan, with 
about 500,000 tons annually, at least 
through 1974, is the world’s foremost pro- 
ducer. 

Aplite of glassmaking quality was pro- 
duced in the United States in 1976 only 
from two open pit operations in central 
Virginia. The Feldspar Corp. mined aplite 
near Montpelier, Hanover County, and 
treated the material by wet-grinding, classi- 
fication, and gravity separation, followed 
by dewatering, drying, and high-intensity 
magnetic separation to eliminate iron min- 


erals. IMC Chemical Group, Inc. (formerly 
Sobin Chemicals, Inc. operated an aplite 
mine near Piney River, Nelson County, and 
removed iron from the dry-ground ore by a 
high-intensity magnetic process. 

Specific annual data on domestic aplite 
production, sales, and value have not been 
released for publication since 1962, when 
the output amounted to 140,000 tons, valued 
at $0.9 million. Domestic production in 1976 
declined slightly in tonnage compared with 
that of 1975. 

Aplite prices are not commonly quoted in 
trade journals, but the product traditionally 
commands a somewhat lower per ton price 
than feldspar. Prices of $15.25 per ton for 
low-iron material, f.o.b. producing point, 
and ranging downward to $11.50 per ton for 
grades higher in iron, were mentioned in 
early 1976.1 | 


Spen- Min. Gu v. 28. Na. 8, March 1870. 5p A- 
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Ferroalloys 


By Thomas S. Jones 1 


Modest recovery in steel production, led 
by a strong advance in preduction of stain- 
less and heat-resisting steel, and an im- 
proved level of foundry activity were re- 
flected in trends for domestic ferroalloy 
production and consumption in 1976. Ship- 
ments increased about one-tenth while pro- 
duction declined very slightly. Both were 
below 2 million short tons for the second 
consecutive year. Production was up for 
ferroalloys of silicon and of chromium but 
down for manganese ferroalloys. Silicon 
ferroalloys, including silicon metal, contin- 
ued to be the leading ferroalloy group in 
both quantity and value of production and 
Shipments, and also attracted the greatest 
attention for investment by domestic pro- 
ducers. Among the major ferroalloys, signi- 
ficantly higher consumption was recorded 
for those of silicon, chromium, and nickel; 
among specialty ferroalloys, for those of 
boron, phosphorus, and tungsten. Accompa- 
nied by instances of excessive inventory 
holdings by traders, stocks of chromium 
ferroalloys grew even further while those of 
manganese ferroalloys declined by about 
one-fifth. Because stocks were still high 
worldwide and demand was not strong, 


downward pressure on prices was evident 
among major ferroalloys. However, prices of 
specialty ferroalloys increased, most sharp- 
ly for ferroalloys of molybdenum and of 


tungsten. 

The net deficit in U.S. foreign trade in 
ferroalloys grew 2196 to just under 1 million 
tons, as imports increased 1896 while ex- 
ports declined 4996. The value deficit drop- 
ped a small amount as average unit value of 
imports generally decreased. Imports of fer- 
roalloys of manganese and of silicon were 
both up by about two-fifths, while those of 
chromium ferroalloys were down about one- 
fifth. For both manganese and chromium 
ferroalloys, imports approximately equalled 
domestic production; imports of 75% ferro- 
silicon were more than half of production. 
Leading import sources were again the 
Republic of South Africa, Japan, and 
France. Of expansions in productive capaci- 
ty underway in foreign countries, some of 
the more significant were in the Republic of 
South Africa for manganese and chromium 
ferroalloys and in Mexico for manganese 
ferroalloys; growth in ferrosilicon capacity 
was widespread. Substantial increases in 


! Physical scientist, Division of Ferrous Metals. 


Table 1.— Government inventory of ferroalloys, December 31, 1976 


(Thousand short tons) 
; Supple- 
National 1 
Ferrochromium: 
lghcarbon ̃ · u L L due 6m ¹ m ̃ ⅛˙'̃ umu 126 216 403 
LoW-cAPDOR —. ß . αμ ee ee 128 191 819 
Ferrochromium-silicon ...........------ ----------------------------------------------------- 26 88 58 
Ferrocolumbium (contained οοἰαπιρίμπι)...............-.---.---.-.-.-. -.---΄------------- 0.5 RUM 0.5 
Ferromanganese: 
High Carbon uu . x ß Eu a 80 510 600 
securi eda V iis aid iad ο ο 29 a iem Tu 
Ferromolybdenum (contained molybdenum) ........ 4 ; t à 
Ferrotungsten (contained ἱμηθείει)................. ------------------------------------------ E s Y 


Data may not add to totals shown because of independent rounding. 


534 MINERALS YEARBOOK, 1976 
Table 2.—Ferroalloys produced and shipped from furnaces in the United States! 
1916 1916 
Production Shipments Production Shipments 
Alloy Alloy 
weht com weight Value vut σα. weight Value 
(short tained : (short (bow — (short tained (short (hos 
tons) (average tons) tons) (average > tons) 
percent) percent) 
Ferromanganese* |.  . __ _ _ 57 79 556,181 $222,522 79 494222 $201,506 
Silicomanganese ee 143,202 66 à 126418 68,913. 1287917 6 18,864 52, 
Ferrosilicon? __________ 790,860 55 709,987 321,470 860,799 57 890,844 409,726 
Mgr dee alloys: f 
carbon — 117,648 6 116,857 78,488 167, 125 66 161,757 82,114 
Low carbon 58,978 70 48,825 28,140 69 80,912 89,069 
um-silicon _ 51,992 87 41,806 21,521 54,182 87 60,680 82,620 
Other alloy?“ 25,209 48 22,495 15,048 19,860 60 20, 195 21,481 
3 248,817 59 228488 177,547 269,241 60 268544 115994 
Ferrocolumbium ........ 615 6 481 8,549 1,205 65 988 6,350 
hosphorus s 102,896 21 10,927 110,908 24 92,689 11,118 
F 64.195 XX 55,689 116,800 55,485 XX 5,92 134.822 
Grand total 1,926,454 XX 1,768,005 906,787 1,910,218 XX 1,925,588 - 997,668 
XX Not applicable. | | τ i 
Doe ff.... ee MAKE othr 
udes low ferromanganese ("massive manganese") "e 
Includes silicon be silvery iron, and silicon alloys. 
*Includes chromium riq chromium additives, oper miscellaneous chromium alloys, and chromium 


SIncludes ferroaluminum, ferreboror ferreboron. an and other complex boron additive alloys, ferromolybdenum, ferronickel, 


ferrotitanium, ferrotungsten, ferrovanadi 


electrical energy costs in many foreign 
countries that produce ferroalloys, such as 
the Republic of South Africa and Japan, 
was a development that might possibly 
favor U.S. producers in the long run. E 

New materials for alloying made com- 
mercially available by U.S. producers 
included a complex, rare earth-containing 
version of magnesium-ferrosilicon for pro- 
duction of compacted- graphite cast iron 
and, for steelmaking, a vanadium additive 
termed ferrovanadium carbide. 

Detailed information concerning pro- 
duction, trade, and use of specific alloys can 
be found in the respective chapters on 
columbium, chromium, manganese, mo- 
lybdenum, nickel, silicon, tungsten, and va- 
nadium. 

Legislation and Government Pro- 
grams.— Effective May 4. 1976, the U.S. 
Environmental Protection Agency (EPA) 
issued a set of national air pollution control 
standards applicable to electric submerged- 
arc furnaces and associated dust-handling 
equipment, construction or modification of 
which began after October 21, 1974. Pro- 
duction of all the alloys commonly produced 
in submerged-arc furriaces was covered, ex- 
cepting ferrophosphorus. The regulations 
called for in-plant control of furnace emis- 
sions. Collection hoods were required that 
capture all emissions generated within the 
furnace and all tapping emissions during at 


least 60% of tapping time. Removal of 
particulate matter by air pollution control 
equipment was required to keep disc 

into the atmosphere below 0.99 pound -per 
megawatt-hour: db / MW.-hr) for furnaces 
producing ferrosilicon and silicon metal and 
below 0.51 lb/MW-hr for furnaces produc- 
ing manganese. and. chromium alloys. Pro- 
ducers were also required to continuously 
monitor the opacity of emissions and. to 
keep comprehensive records of smelting 
operations.? 

On October 1, 1976, the Federal Prepared- 
ness Agency of the General Services Ad- 
ministration (GSA) announced a new set of 
Stockpile goals as flexible targets under a 


established by a study of national needs in 
the event of 3 years of an emergency, with 
defense and civilian requirements estimat- 
ed separately. Actual stockpile activities 
were to be determined annually subject tó 
Congressional and other constraints. 
Government inventories of ferroalloys 
are listed in table 1. Shipments of stockpile 
excesses during 1976 consisted of 7,721 tons 


of high-carbon ferromanganese and most of 


the remaining ferromolybdenum. 


` SUS. Code of Federal Regulations. Title 40—Protection 
of Environment; I—Environmental Protection 


Production 
1, 1916, pp. 57-61. 
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DOMESTIC PRODUCTION 


Production and shipments of ferroalloys 
fell below 2 million tons for the second 
consecutive year, according to data provided 
by the firms listed in table 3. The quantities 
shipped advanced over those in 1975 by 900 
at nearly 1090 greater value, whereas pro- 
duction volume dropped by 1%. Silicon was 
again the leading alloy group in domestic 
production, shipments, and value. Increased 
production of silicon alloys and chromium 
alloys, stimulated by recovery in the foun- 
dry and stainless steel industries, was not 
enough to offset a 16% decrease in pro- 
duction of manganese alloys. Product mix 
was such that The Ferroalloys Association 
reported consumption of 8.95 billion 
kilowatt-hours (kW-hr) of electric energy 
for the year, a 10% increase. Production of 
high-carbon ferrochromium, 50% ferrosili- 
con, and especially standard ferroman- 
ganese, all large-volume alloys, declined in 
the last part of the year. Some firms had 
operating rates as low as 50% to 65% of 
capacity in the fourth quarter. 

Producers continued to concentrate their 
investments in silicon alloys facilities 
against a backdrop of plentiful domestic 
and worldwide supplies of ferrosilicon that 
included important new sources in nearby 
Canada. At the Niagara Falls, N.Y., plant of 
the Airco Alloys division of Airco, Inc., a 36 
megavolt-ampere (MVA) furnace with an- 
nual capacity of over 40,000 tons of 50% 
ferrosilicon was brought into service in the 
second half of the year. Northwest Alloys, 
Inc., a subsidiary of Aluminum Co. of Amer- 
ica, activated a ferrosilicon furnace rated 
at 18,000 annual tons in the first part of the 
year at a new plant at Addy, Wash. Initial- 
ly, the product was to be used mostly for 

magnesium, but eventually quanti- 
ties were to be available for sale. Foote 
Mineral Co. made major modifications to its 
furnaces for silvery pig iron at Keokuk, 
Iowa, an upgrading action which necessitat- 
ed production curtailments. Ohio Ferro- 
Alloys Corp. completed startup of all three 
furnaces at its new silicon metal plant at 


Montgomery, Ala. New facilities other than 
those for air pollution control] were not 
involved in the decision by Chromasco Ltd. 
to start producing ferrosilicon again at the 
plant of its Chromium Mining & Smelting 
Corp. division near Memphis, Tenn. 

In chromium alloys, Airco took steps to 
increase the capability of its Charleston, 
S.C., plant by upgrading a furnace from 40 
to 60 MVA. The Satralloy, Inc., division of 
Satra Corp. activated a 10 MVA furnace at 
its Steubenville, Ohio, plant in midyear in 
order to make high-carbon ferrochromium, 
while Foote Mineral Co. ceased furnace 
production of special chromium alloys for- 
merly made at its Graham, W.Va., plant, a 
decision influenced by the cost of complying 
with environmental regulations. 

In other alloys, the number of ferrophos- 
phorus producers remained unchanged as 
the Tennessee Valley Authority perma- 


nently ended production at the end of May, 


whereas the Electro-Phos Corp., owned by 
Japanese interests, restarted facilities at 
Pierce, Fla. which were operated several 
years ago by the Agrico Chemical Co. divi- 
sion of Continental Oil Co. Teledyne Wah 
Chang Albany, included in table 3 for the 
first time, has been producing ferrocolum- 
bium for several years; therefore, 1975 and 
1976 figures for ferrocolumbium in table 2 
are not directly comparable. An affiliation 
between producers of specialty alloys that 
developed during the year was the acquisi- 
tion by Molycorp, Inc., of just under 50% of 
the shares of Kawecki-Berylco Industries, 
Inc. 

Expenditures for air pollution control 
continued to consume a significant portion 
of investment dollars. International Miner- 
als & Chemical Corp., which is managing 
construction at Bridgeport, Ala., of the 40 
megawatt (MW) ferrosilicon furnace plant 
of its Tennessee Alloys Co. joint venture 
with the Allegheny Ludlum Steel division of 
Allegheny Ludlum Industries, Inc., attri- 
buted 24% of project cost to air pam 
control facilities. 


Table 3.—Producers of ferroalloys in the United States in 197 6 


Producer Plant location Products! Type of furnace 
Calvert City, Ky ως. Ses 
Airco, Inc., Charleston, C ................- FeCr, FeCrSi, 
Airco Alloys Div. Mobile, Ala FeMn, Fe8i, Electric. 
Niagara Falls, N. SiMn. | 
Alloy Co., Ine C Fes _ _ Do. 
Aluminum Co. of Addy, Wash ο cas 0 Do. 
Northwest Alloys, Inc. 
AMAX Inc. Langeloth, f FeMo ....... Metallothermic. 


See footnotes at end of table. 
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Table 3.—Producers of ferroalloys in the United States in 1976 —Continued 


Producer Plant location Products! Type of furnace 
Bethlehem Steel Cord ohnstown, fa FeMn ......- Blast 
Ltd., Woodstock, Tenn _______ Fecr, FeSi i Electric 
Chromium Mining & Smelting 
Corp. Div. 
Diamond Shamrock Corp., Kingwood, W. va FeMn ......- Fused salt 
Chemetals Div. electrolytic 
TH und Div // ·˙·i³AA FeV ο Metallothermic 
Philipp Brothers Div. 3 WAS FeMn, FeSi, Electric 
Roane Electric Furnace . 
Co., Inc. 
η. Ohio FeCrSi, FeSi, 
Foote Mineral Co., Graham, W. va ' FeV, silvery Do 
Ferroalloys Div. Keokuk, Iowa _________ pig in iron, 
Gulf & Western Industries, Inc. Palmerton, aaa Spin ο... Do 
New Jersey Zinc Co. 
Hanna Ni Smel Co Riddle, Oreg __________ FeNi,FeSi .... Do 
Sk D E Σι όντας ere; 5 888 Do 
lake, Inc., Beverly, Ohio ) FeCr, FeCrSi, 
Globe Metallurgical Div . FeSi, Si, Do 
International Minerals & 
Industrial Minerals Div 
Tennessee Alloys Co B — FeSi __ Do 
urgical Corp Tenn FeSi __ Do 
κε. nal Metallurgica Biv Springfield, Oreg S Do 
v Springfield, Oreg _______ μονος ο 
Penn Rare Metals Div________ - Revere, jaaa  FeCb......-- Metallothermic. 
urg, Inc., Newfield, N. FeAl, FeB, FeCb, 
Shieldalloy Corp FeTi, FeV, 
M. Ing ⅛ ²ãmm E E TEE Washi Pa FeB, F Electric and 
olycorp, ashington, 1 eMo, | 
Brilliant, Ohio FeB, FeMn, 
Montgomery, Ala FeSi, Si, 
Ohio Ferro-Alloys Cord Philo, Ohio SiMn. Electric. 
Powhatan Point, Ohio 
rene = Con Sahuarita, Ari Fe o Metallothermic 
Reactive Metals and Alloys Cord West Pittsburg, Ρα. Feri, other? ___ Electric. 
i 5p Robesonia, Pa _________ ΕΟΟ re 
Reynolds Metals ko Sheffield, Aa FC Electric 
Houston, Ten _ _ -- FeMn, Sin Do 
Tenn-Tex Alloy Corp. of Houston 
(leased to Union i ) 
tra Corp., Steubenville, Ohio FeCr, FeCrSi, Do 
T prins „Inc. Div. το 
e c., Albany, Or egg  FeCb......-- Metallothermic 
edyne D Chang 
v. 
Alloy, W. va FeB, Fer, 
Ashtabula, Ohio F 
Union Carbide ; Marietta, Ohio - -. FeSi, FeV, 
Div. b i Falls, NY ______ MM Si, Electric 
United States Steel Corp ο το N Blast. 
ni tes Steel Cord McKeesport, fa Fenn 
Ferrophosphorus: I 
Electro-Phos Cork Pierce, Fla Fe Electric. 
FMC Corp., | Pocatello, Idaho FeP __ Do. 
Industrial Chemical Div. 
Mobil Oil Corp., Nichols, Fla |... FeP _ Do 
Mobil Chemical Co. Div. 
Monsanto Co., Columbia, Tenn FeP .......- Do 
Monsanto Industrial Chemicals | Soda Springs, Idaho. _ - ) 
Occidental Petroleum Corp., Columbia, Tenn FeP __ Do 
Hooker Chemical Div., 
Hooker & 
Stauffer Chemical Co, Mt. Pleasant, Tenn 
Industrial Chemical Div. T Bow, ei n iin ss = l FeP' uunc Do. 
Tennessee Valley Authority _ _ _ _ _ Monte Shoa, Ate N εως Do 
1Fe Al, ferroaluminum; FeB, ferroboron; FeCb, ferrocolumbium; FeCr, ferrochromium; ο. ferrochromium-silicon; 
FeMn, ; FeMo, ferromolybdenum; FeNi, ferronickel; FeP, ferrophosphorus; FeSi, ferrosilicon; FeTi, 
p nato FeV, ferrovanadium; FeW, ferrotungsten; Si, silicon metal; SiMn, silicomanganese; Spin, spiegeleisen. 


udes specialty silicon alloys, zirconium alloys, and miscellaneous ferroalloys. 
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CONSUMPTION AND USES 


Reported consumption increased over 
that for 1975 for all ferroalloy categories 
except silicomanganese, ferromolybdenum, 
and ferrovanadium. According to the usage 
patterns of the respective ferroalloys, con- 
sumption trends generally paralleled mod- 
estly increased raw steel production, 
stronger recovery in iron foundry activity, 
and nearly 50% greater production of stain- 
less and heat-resisting steels. 

The largest ferroalloy consumption com- 
ponent was manganese alloys in carbon 
steel, within which consumption of medium 
and low-carbon grades of ferromanganese 
increased by the highest percentage. For 
silicomanganese, declines in consumption 
in carbon and in alloy steel together exceed- 
ed the one-third increase in use of this alloy 
in cast iron. After manganese alloys, silicon 
alloys were used in greatest quantity in 
carbon steel, mostly as 50% ferrosilicon. 
Consumption of this ferrosilicon grade and 
of other silicon alloys was largest in cast 
iron, and grew for both alloy groups by 
about one-third in that end use. Consump- 
tion increases of 30% and more were report- 
ed for ferroboron each in alloy and in 
carbon steel, evidencing the trend toward 
more utilization of the hardening action of 
boron in such specific applications as bolts. 
Use of ferrophosphorus was up by a similar 
amount in carbon steel and by an even 


greater percentage in cast iron. The Asso- 
ciation of American Railroads adopted a 396 
phosphorus cast iron as the standard for 
metal brake shoes on freight cars. Figures 
for ferrophosphorus do not include the sub- 
stantial amount consumed in producing 
vanadium. 

Significantly increased production of 
stainless and heat-resisting steels called 
forth expected sizable increases in consump- 
tion of chromium alloys and of ferronickel, 
and also similarly raised demand in the 
stainless category for ferrotitanium and for 
manganese and silicon alloys. Spread of 
argon-oxygen decarburization in stainless 
steelmaking increased the need in ferro- 
nickel for both new physical forms and 
medium-carbon grades. The 8096 increase 
in consumption of ferrotitanium in stainless 
and heat-resisting steels arose from a com- 
bination of greater production and strong 
automotive industry demand, especially for 
titanium-containing muffler grade Type 
409. Of the remaining ferroalloy groups, 
consumption rose markedly only for 
ferrotungsten, for which demand was up 
20% in tool steel. Consumption of fer- 
romolybdenum also increased in tool 
Steel, by 2696, but otherwise declined in all 
Steel end uses and overall The drop in 
production of high-strength low-alloy steel 
held back growth in ferrocolumbium con- 


Table 4.—Consumption by end use of ferroalloys as additives 


in the United States in 1976: 
(Short tons of alloys) 
End use FeMn SiMn FeSi FeTi FeP FeB 

Steel: 
Carbon - ß D ip 717,192 87,888 135,319 976 12,553 470 
Stainless and heat-resistin g 14,973 7,181 326,215 2,008 W 24 
Other alloy _______________-_-_- 155,343 34 952 276,964 818 1,927 478 
Του ts ee AL 2,588 29 33,509 W Ne m 
Unspecified |... ..----...---- 724 2,962 5,091 VM στων va 
Total steel? _ = === 170 188,568 247,098 3,802 18,880 972 
Cast iron 23,179 16,006 ,199 100 6,786 10 
CCC di * s: - 
— AG uid ο ο μες» 17,436 3,003 65,088 168 319 50 
Miscellaneous and unspecified |... . . .... 2,363 1,951 54,101 218 6,235 2 
ια λος, 8 984,813 154,528 113,542 5,898 27,220 1,084 
Percent of 1975 __ _ _ .. .. 1 96 113 104 168 130 


W Withheld to avoid disclosing individual company end manganese data; included i in "Miscellaneous and S ap ds 


1Ε incl spiegeleisen 
πες ο mete. "ΗΜ. 
FeP, ferrophosphorus including other phosphorus 
Part included in “Unspecified.” 
Except for data withheld. 


materials; FeB, f 


silicomanganese; F ferrosilicon 
loya, FeTi, ferrotitanium . titanium materials: 
ferroboron including other materials. f 
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sumption and mainly caused ferrovana- 
dium to show the largest overall percentage 
decrease in consumption. 

In steelmaking, ferroalloy elements were 
used almost entirely in ferroalloy form 
except for molybdenum, nickel, and tung- 
sten. Molybdenum oxide was preferred over 
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ferromolybdenum by a 7:1 ratio. The oppo- 
Site was true in cast iron, wherein consump- 
tion of ferromolybdenum dominated over 
that of the oxide by 4:1. Iron foundries 
consumed relatively minor amounts of nick- 
el, mostly in forms other than ferronickel. 


Table πως by end use of ferroalloys as alloying elements 


the United States in 1976: 
(Short tons of contained elements) 
End use FeCr FeMo FeW FeV FeCb FeNi 
Steel: 
Carbo. ³· A μας 3,163 150 m 486 442 — 
Stainless and heat-resisting ..______________ 169,528 84 21 280 21,508 
Other alloy oo onmes ce 50,535 858 249 32,942 762 7,894 
Jô§·Ü§5»¹z ;.; Eu E c 8,208 878 841 (9 EN 
, e Qu T Sua cue W W (5 W 22 edes 
Total steel? .  . |. |...  222------ 226,429 2,009 424 4,014 1,456 28,897 
Cast irons e LL sabe 6,889 1,679 2 56 ~~ 882 
1 ο μον 7,455 145 45 15 211 175 
an 
3 ) ⅛ð2d τὰς εις IS ERR 4.794 45 39 25 1,755 
Miscellaneous and unspecified ~~ 2,692 78 = 50 8 
TON ος ασ ιτ ĩͤ UE ERE 248,259 4,868 516 4,144 1,695 31.210 
Percent of 197ũũ ---------------—— 128 96 114 88 101 1 
W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous T 
um including chromium metal; FeMo, ferromolybdenum including 
e molybdate; FeW, uding melting self-red V, um including 
other -iron oys; FeCb, ferrocolumbium including small amount of ferrotantalum οσο. 
tantalum metal, other col um-tantalum materials; ΕΟΝ. 
*''Unspecified" included with Other alloy.” 


“Included with “Unspecified.” 


5With minor exceptions as denoted by W and footnote 3 where applicable. 


STOCKS 


Yearend industry stocks of manganese 
alloys decreased 19%, those of silicon alloys 
were little changed, and those of chromium 
alloys increased 17%. The most significant 
change in manganese alloys was a 3896 
decrease in consumer stocks of high-carbon 
ferromanganese, of which stocks declined 
almost continuously during 1976. Stocks of 
chromium alloys gained mainly because of a 
45% increase in producer stocks of high- 
carbon ferrochromium, holdings of which 


peaked in September. Consumer stocks of 
chromium alloys increased only slightly but 
still represented a record total for the sec- 
ond consecutive year. For most major fer- 
roalloys, industry inventories at yearend 
constituted a 2- to 3-month supply; however, 
Stocks of high-carbon ferrochromium and 
silicomanganese amounted to about a 5- 
month supply at prevailing rates of con- 
sumption. 


Producer prices of major ferroalloys de- 
clined except for a few advances that were 
in keeping with the general level of infla- 
tion. Declines were attributable to the com- 
bined effects of large inventories, only 
moderate demand from major consuming 
sectors, competition among domestic pro- 
ducers, and competition between domestic 
and imported alloys. Strong downward 
pressure on price was most evident for both 


high- and low-carbon grades of chromium 
alloys. Pricing actions in chromium alloys 
included the offering by Union Carbide 
Corp. of 3-year long-term contracts contai- 
ning future discounts. Standard ferroman- 
ganese decreased 3% in price in January; 
further market weakness was signified by 
gradual declines in price for imported ferro- 
manganese, which at yearend for delivery 
in 1977 was more than $50 per ton below 
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Table 6.—Stocks of ferroalloys held by producers and consumers 


in the United States at yearend 
(Short tons) 
Producer Consumer Total 
1975 1976 1975 1976 1975 1976 
weight) weight) weight) weight) weight) weight) 

Manganese ferroalloys’ : _ ~~~ 186,929 154,820 $24,046 218,164 460,975 872,984 
Silicon alloys? _.______.________ 182,702 117,760 719,407 68,130 212,109 185,890 
Ferrochromium* |... 14,881 96,116 67,820 69,948 142,207 166,064 
Ferroboron* __________________ 561 485 218 246 TT9 791 
ECC 89,768 62,162 4,174 19,624 48,987 75,786 
Ferrotitanium® ________________ W W 2,043 1,232 2,043 1,232 
Total. 884,942 431,943 411,108 81 1,944 862,050 802,687 

1975 1976 1975 1976 1975 1976 

(con- (con- (con- (con- (con- (con- 

ined i tained tained tained tained 
element) element) element) element) element) element) 

Ferrocolumbium® ______________-_ 549 561 551 481 1,100 1,042 
Ferromolybdenum® e 878 817 708 750 1,586 1,067 
FerronickeMl˖ll W W 711,210 6,839 11,210 6,839 
Ferrotungsten _______________ W w 116 186 116 186 
Ferrovanadium! ____§_§__________ 542 924 868 924 1,410 1,848 
TOÀ] ο zL pru Z: su uz 1,969 1,802 519458 9,130 15,422 10,982 


maskana W Withheld to avoid disclosing individual company confidential data. 
udes ferromanganese, silicomanganese, and manganese metal. 
ο νο ου. σου dues TT 


3Includes other chromium alloys and chromium metal. 
*Consumer totals include other boron materials. 
Consumer totals include other phosphorus materials. 
*Consumer totals include other titanium materials. 
Silvery pig iron not included in 1976. 
Consumer 


totals include small amount of ferrotantalum-columbium, tantalum metal, and other columbium-tantalum 


*Consumer totals include calcium molybdate. 


totals include melting base self-reducing tungsten. 
ferroall 


10 Consumer 
11Includes other vanadium - iron - carbon oys. 


producer price. A midyear price increase of 
about 6% for the more common silicon 
alloys held for 50% ferrosilicon but within a 
few weeks was nearly completely retracted 
for the 75% grade. 

Prices of specialty ferroalloys increased, 
by contrast, by 8% to 29%. In ferronickel, 
competition between domestic and foreign 
alloy and between ferronickel and alternate 
forms of primary nickel led to a succession 
of pricing moves, the net effect of which 


increase. Prices of ferrocolumbium (spot 
low-alloy) and ferrovanadium both in- 
creased 10% in July. A rapid rise in concen- 
trate prices contributed to a two-step in- 
crease of 19% in the price of ferrotungsten. 
Ferromolybdenum prices increased an even 
larger amount, by 29%, as a consequence of 
both worldwide demand and cost of recent 
investments in molybdenum facilities. 
Representative producer prices are given 


about equalled an 8% October list price in the following table: 
Alloy Price in 1976! 
Beginning Yearend 

Charge chromium (66% ἰοΊ090).................---------------------------------------------- $0.50 $0.48 
5 55 0.02% 6 ("Simplex") ........---------- 44010 42500 
eee e m 443 
Ferroniekel ——— ——— enndem Imc eum ni ĩ ͤ ͤ ⁊¼— LL elu σα 2.16 2.84 
Ferrosilicon, 50% „ 32⁵ 845 
Ferrosilicon, 75% „„ 3865 87 


1Per pound contained, except as noted otherwise. 
Source: Metals Week. 
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FOREIGN TRADE 


Imports of ferroalloys were nearly 21 
times as great as exports at a value over 8 
times as much. The net trade deficit was 
slightly less than a million tons, a 2196 
increase over that of 1975, and the value 
deficit decreased 26ο to just under $400 
million. For quantity by alloy group, the 
deficit increased the most for manganese 
alloys, by nearly half again as much as in 
1975, while that for silicon alloys almost 
tripled, for the biggest percentage increase. 

Exports declined 49% largely because of 
sizable decreases in exports of ferroman- 
ganese and ferrosilicon. Value of exports 
fell off much less, however, as average unit 
value rose 76% because relatively high- 
value specialty alloys accounted for a larger 
share than in 1975. Ferrochromium led in 
export volume, while the unclassified group 
led in value. Ferrocerium was by far export- 
ed in the smallest quantity but was shipped 
to the largest number of countries. Of more 
than 50 countries to which ferroalloys were 
exported, chief recipients were Canada (for 
roughly two-fifths of both quantity and 
value), Japan, the Netherlands, Sweden, 
West Germany, and Brazil. 

Imports of ferroalloys increased 1396 to a 
total of over a million tons. The most 
significant changes were a 37% rise in 
imports of manganese alloys and a 20% 
decrease in imports of chromium alloys. 
Manganese alloys accounted for 60% of all 
ferroalloy imports, with import volume of 
high-carbon ferromanganese more than 
twice that of high-carbon ferrochromium, 
the alloy imported in next largest quantity. 
Imports of high-carbon ferromanganese and 
of silicomanganese were both considerably 
increased and those of medium-carbon fer- 


romanganese doubled, while the small 
amount of low-carbon ferromanganese im- 
ported dropped 99%. By contrast, in chromi- 
um alloys imports of the low-carbon grade 
slightly increased at the same time that 
those of high-carbon ferrochromium re- 
versed the previous year's performance and 
decreased about one-third. Imports of ferro- 
silicon were up by 40%, the largest percen- 
tage increase of any alloy group, chiefly 
because of a doubling in import volume of 
alloys with 896 to 60% silicon. For alloys in 
this range, average silicon content rose to 
44.3%, signifying that the alloy mainly 
imported in larger quantity was 50% ferro- 
silicon. 

Value of ferroalloy imports was slightly 
less than in 1975 as average unit value 
decreased universally for manganese, sili- 
con, and chromium alloys and by 14% for 
all ferroalloys. Alloys of manganese and of 
chromium accounted for about 70% of total 
value of imports. For these two alloy 
groups, declines in average unit value 
ranged from as low as 2% for ferrochro- 
mium-silicon to as much as 25% for high- 
carbon ferrochromium. Average chromi- 
um content of high-carbon ferrochromi- 
um dropped 1.4% to 60.0%. Silicon alloys 
declined in unit value the most, by one- 
third for the entire group and by 39% for 
alloys containing 8% to 60% silicon. 

Ferronickel, which accounted for most of 
the remaining 6% of alloy imports, was 
down 14% in volume at a 24% increase in 
unit value. The “Other ferroalloys" catego- 
ry remained insignificant as a percent of 
total volume but advanced as a group to 496 
of total value. 


Table 7.—U.S. exports of ferroalloys 


1974 

All Quanti Value 

d (hort (thou- 

tons) sands) 
Ferrocerium and alloys _ _ _ _ 96 $503 
Ferrochronium -. -- 1,245 3,765 
. κ. κ... 7,011 2,204 
MO - $ 971 y 
Ferrosilicon ----------- 6,575 5538 
Ferrovanadium __ _ _ _ _ ` ` ` 1,335 7,863 
Ferroalloys, nec __ _ _ _ _ _ _ 18,172 12,186 
Spiegeleisen ___________ 547 80 
Total! c 46,715 37,656 


1975 1976 
Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
50 $300 00 
18,218 9,075 18,563 8,785 
481 10,743 6,789 8,462 
1,121 4,7 1,798 9,447 
497 5 086 159 
89,712 15,732 12,416 7,449 
17 187 is —— 
1,018 7,952 1,211 9,180 
8,970 9, 6,687 18,12 
335 5,471 901 
97,365 58,888 49,631 52,888 


1Data for spiegeleisen, added beginning with figures for 1973, are reflected in totals from that year on. 


Imports of ferroalloys and ferroalloy met- 
als were received from over 30 countries, 
with about one-third of the total each com- 
ing from Western Europe and Africa. Asia 
plus Oceania supplied one-fifth, while the 
contribution of countries in the Western 
Hemisphere, chiefly Brazil, Canada, and the 
Dominican Republic, grew to 1290 of the 
total. Main import sources were mostly the 


Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals 


Alloy 


3 alloys: | 
Ferromanganese containing less than 
š 1% carbon .................---..-..-..-.-.. -. -- 


erromanganese containing over 196 
and less than 4% carbon 


Ferromanganese containing 4% or 
more carbon 


— 
e mium con or more 
carbon 


Ferrochromium containing less than 
3% carboůnnn - -------.-. 
Ferrosilicon-chromium .......... -.... 


Total chromium alloys -------—- 
Ferronickeel1llllllll1111111llln - 


Other ferroalloys: 
Ferrocerium and other cerium alloys .. 


Metals: 


Manganese 

Silicon (9696-9996 silicon???) _ _ 
Silicon (99%-99.7% silicon 
Chromium _ _ _ _ _ _ _ _ _ 


XX Not applicable. 
1Not recorded. 
2Principally ferrocolumbium 


SNew category effective Jan. 1, 1976, formerly combined with base motal alloys. 
*Base metal alloys, principally silicon metal (96% to 99% silicon). 
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1975 


Content 
(short 
tons) 


Value 
(thou- 
sands) 


$2,496 
19,841 


106,044 
22,989 


151,370 


192,671 


1,704 
13,903 


461,802 
80,118 


617,521 
31,575 
66,205 

160 
836 


98,776 


178,846 


63,750 
15,725 


258,321 
55,721 


18,914 
1,053,791 


1976 


355,947 
53,693 


471,126 
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same as in 1975, but with some changes in 
relative importance. The three leading sup- 
plying countries were again the Republic of 
South Africa ($93 million and 283,000 tons), 
Japan ($77 million and 162,000 tons), and 
France ($51 million and 137,000 tons). Be- 
cause of the relatively high unit value of 
ferronickel, the Dominican Republic ($47 
million and 30,000 tons) was next in value of 


70,035 


54,184 
1,598 


192412 
12,161 
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imports although only tenth in volume. The 
descending order of quantity supplied was, 
for manganese alloys, the Republic of South 
Africa, France, and Japan; for silicon alloys, 
Canada, Norway, and France; for chromium 
alloys, the Republic of South Africa, South- 
ern Rhodesia, and Japan. In ferronickel, the 
Dominican Republic with over half the total 
took first position as an import source away 
from New Caledonia, which supplied most 
of the rest. In specialty alloys, Brazil was 
the leading source of ferrocolumbium, 
France accounted for all imports of ferrozir- 
conium, and about two-thirds of ferrotita- 
Feng imports came from the United King- 
om. 

Imports in relation to domestic pro- 
duction and reported consumption were 
greatest for manganese and chromium al- 
loys. In these two groups, imports approx- 
imately equalled production and were about 
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three-fifths of consumption. More high- 
carbon ferromanganese was imported than 
was produced, while for high-carbon ferro- 
chromium amounts imported and produced 
were similar. Imports of low-carbon ferro- 
chromium were more than twice the quan- 
tity produced and corresponded to four- 
fifths of consumption. Imports were less of a 
factor in silicon alloys, for which roughly 
one-seventh as much was imported as was 
produced or consumed. However, imports of 
75% ferrosilicon came to half or more of 
totals for both production and consumption. 
Under the General System of Preferences 
(GSP) that became effective January 1, 
1976, the Government accorded duty-free 
Status to imports from developing countries 
of ferromanganese (all grades), silicoman- 
ganese, ferrosilicon with 60% to 80% sili- 
con, ferrophosphorus, chromium metal, and 
silicon metal with 99% to 99.7% silicon. 


WORLD REVIEW 


Statistics on world production of ferroal- 
loys are summarized in table 9. Facilities 
for significantly increasing productive ca- 
pacity during the period, 1976-1978, were 
being installed for manganese alloys (over 
300,000 tons) in Australia, Brazil, India, 
Mexico, and the Republic of South Africa; 
for silicon alloys (approaching 200,000 tons) 
in Australia, Canada, France, Portugal, and 
Spain; and for chromium alloys (nearly 
800,000 tons) in the Republic of South Afri- 
ca and Turkey. 

Argentina.—Ferroalloy production 
amounted to nearly 49,000 tons, mostly 
standard ferromanganese and 75% ferro- 
silicon, plus a small quantity of silicoman- 
ganese. Industria Siderürgica Grassi, S.A., 
Electrometalürgica Andina, S.A., and Car- 
bometal, S.A. planned to install a number of 
relatively small furriaces in the period 1976 
to 1978, amounting together to 58 MVA of 
additional furnace capability. 

Australia.—Tasmanian Electrometallur- 
gical Co. Pty. Ltd. (Temco), the sole produc- 
er and a subsidiary of Broken Hill Pty. Co. 
Ltd., began manufacturing 75% ferrosilicon 
in July at its Bell Bay plant on the northern 
coast of Tasmania. This new production was 
from a 45 MVA furnace rated at over 27,000 
tons per year. A 27 MVA furnace was 
expected to begin augmenting ferroman- 
ganese and silicomanganese production in 
1977. Temco’s expansion program was ex- 
pected to allow exporting in addition to 
satisfying steel production needs of Broken 
Hill. 


Brazil.—Production increased by 22% to 
344,000 tons, a growth rate comparable to 
that having been experienced for some 
years by the Brazilian ferroalloy industry 
but one-fourth below that required to 
achieve a total of over 1 million tons that 
had been projected for 1980. Silicoman- 
ganese production grew strongly, reflecting 
the addition of a 24 MVA furnace rated at 
about 30,000 tons per year by Electrosider- 
urgica Brasileira S.A. (Sibra) at its plant 
near Salvador in northeastern Brazil. This 
furnace plus a ferromanganese furnace 
with the same power rating were installed 
with technical and financial aid from Ja- 
panese interests. Cia. Paulista de Ferro 
Ligas announced plans to increase ferro- 
manganese production by about 24,000 tons 
per year by mid-1977 by setting up a plant 
near the Urucum manganese deposit in 
Mato Grosso. These high-phosphorus and 
high-alkali ores were to be smelted by 
duplex furnacing. Another new plant for 
manganese alloys in Mato Grosso was pro- 
jected by the newly formed Cia. Mato- 
grossense de Ferro-Ligas (Fermat) In- 
itial plans of this partly State-owned com- 
pany were for five 20 MVA furnaces to be 
built at Trés Lagoas, with production to 
commence in 1981 using hydropower from 
Jupiá. Production of  ferrocolumbium, 
which had dropped off in 1975, rose sharply 
to a new record of 11,000 tons. Additional 
capacity of over 3,000 tons per year was 
expected to be available in 1977 from the 
new mine and smelting operation of Min- 
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eracáo Catalão de Goias S.A. 

Canada.—SKW Electro-Metallurgy Cana- 
da Ltd. (SKW-Canada) began production at 
Becancour, Quebec, of ferrosilicon and sili- 
con metal from two furnaces in the third 
quarter, at a time when other Canadian 
producers of silicon alloys were operating 
substantially below capacity. Activation of 
& third furnace early in 1977 was to make 
fully available new capacity of 30,000 tons 
per year of 50% and 75% ferrosilicon from a 
30 MW furnace and 25,000 tons per year of 
silicon from two 20 MW furnaces. Downriv- 
er on the St. Lawrence at Beauharnois, 
Chromasco Ltd. continued phasing in ca- 
pacity for ferrosilicon, also about 30,000 
tons per year. 

France.—Cie. Universelle d'Acetylene et 
d'Electrométallurgie, a part of Société 
Francaise d'Electrométallurgie (Sofrem), 
planned to increase its production of princi- 
pally 7596 ferrosilicon by building a coastal 
plant at Dunkirk. An Elkem furnace with 
power-recycling system was to be installed 
in the new plant for startup in 1978. This 
would add 55,000 tons per year of ferrosili- 
con capacity; however, some of the com- 
pany's older units at Les Clavaux were to be 
phased out. 

Gabon.—A manganese alloys plant was 
scheduled to be built near Moanda for 
production beginning in 1981. Planning for 
the plant was being done by Société Gabon- 
aise des Ferro-Alliages (Sogaferro), a com- 
pany which associates Cie. Miniére de 
l'Ogooué with the Gabonese Government 
and firms from six foreign countries. An- 
nual output was projected at 85,000 tons of 
ferromanganese and 50,000 tons of silico- 
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manganese. Success of the project would be 
contingent on building both the Grand Pou- 
bara Dam to furnish hydropower and the 
Transgabon railway to carry the finished 
alloy to the coast for export. 
Greece.—Future production of ferronick- 
el on Euboea Island, perhaps by 1980, was 
indicated by plans of two companies. One 
project by Soc. Miniére et Métallurgique de 
Larymna S.A. (Larco) at Politika, would add 
an additional 14,000 tons per year of nickel 
content to smelter expansion already un- 
derway at Larymna on the adjoining main- 
land. Eleusis Bauxite Mines had under 
development a program that would produce 
ferronickel at 10,000 tons per year of nickel 
content from low-grade lateritic ores. Pro- 
duction of ferrochromium from Greek ore 
was being studied by the newly formed 
Hellenic Industrial & Mining Investments 
Co. (Himic). | 
Iceland.—Norway's Elkem-Spigerverket 
A/S (Elkem) assumed Union Carbide's for- 
mer 45% share in a joint ferrosilicon project 
with the Government of Iceland. Α new 
company, Islenska Jarnblendifelagid, was 
organized to replace Icelandic Alloys Ltd. 
Start of production of 50,000 tons per year 
of 75% ferrosilicon was delayed 2 years to 
1979-80, with Elkem to build the two fur- 
naces planned and to market the product. 
India.—Ferroalloy production increased 
over that in 1975 by 19% to the highest 
level in 5 years. Ferromanganese pro- 
duction recovered from several years of 
decline and was to grow further beginning 
early in 1977 with installation of a furnace 
for standard ferromanganese in the center 
of the country at Chandrapur. This unit, 


Table 9.—Ferroalloys: World production by furnace type, alloy type, 


and country 
(Thousand short tons) 
Country,’ furnace type,“ and alloy type? 1974 1975 19165 
tina: Electric furnace 
erromanganese _.---—----------------------------- 26 82 
Silicomanganese _____________ „„ „„ 8 6 
e v , ο νο e ee 21 19 21 
Τσο ñ ñ u ̃ pp ποστς τσ». 155 57 49 
Australia: Electric furnace 
Ferromanganese ..............-... -. -..- -..--- -- ------ ------ --------------------------- ----- 47 *52 *62 
Silicomangan ess œ Vu 17 12 
17777 ũèꝛſ ⁰˙ A AAA ii I. ERI A ad 10 10 10 
Ferrochromium —._ -- --- - -- -—--—---—-—--—--—-—————— οι "T 
NE "eoe. "gb 88 e84 
Austria: Electric furnace, undistributed .................------------------------- 7 7 9 
Belgium: Electric furnace ferromanganes ee 144 108 93 


See footnotes at end of table. 


544 MINERALS YEARBOOK, 1976 
Table 9. αμ: World production by furnace type, alloy type, 
and country —Continued 
(Thousand short tons) 
Country, i furnace type, and alloy type? 1974 1975 1976P 
Brazil: Electric furnace 
Ferromanganese ............. -.-.-.-- „ 88 95 109 
Silicomanganese ___________________ 36 43 ΤΊ 
Ferrosilicon e . ħħ 57 60 50 
Ferrochromium iin 42 58 72 
Ferrochromium-silicon _ _ _ _ 2 8 4 
Ferronickel ....................-.-------------------.------------------------------- 11 11 11 
Other u a a a é y he ee ĩ 8 15 13 21 
Total. s su ace δω idet EP ολ 8 T951 288 844 
Bulgaria: Electric furnace, undistributed __ _ 50 62 65 
F ds | °100 970 990 
erromangan ese -- --. -- ---- -- -.. --. -- --.--. -- --. -. --. -..--. -- --. --. 1 
, . . 105 *50 *95 
Undistributed? .. . 968 956 968 
C˙¹˙r.¹ ος ο τς λος ατα... mt 88 273 176 248 
Chile: Electric furnace | 
erromanganese ...................-........-..-.-. -.-.-.-.....-..-..-.-..-.-- -.-..-. -. -.. -. -..-. 9 7 98 
Silicomanganese ......................-.-..-..-.-.----..-------.------.-..-.. -..-..-.. -. -. 8 8 99 
ilicon __ d . aaeeea 8 4 4 
))) ͥ ³o³DA h ³ d KA é 1 1 5 
κο παπα ποπ σας κας σοκ ασ 16 15 *16 
Colombia: Electric furnace {οττοαἰ]ἰοος.................-----΄-..-..-- -..-. -.. -. -.-. -. -.... -.. (5) 1 1 
Czechoslovakia: 
Blast furnace, undistributed ......................-..--.-.--.-....-.-.------.-΄---... 87 81 88 
, undistributeeel.l 140 146 150 
"c mS B w K K T 177 177 183 
B Republic: Electric furnace ferron icke!!! 88 61 75 
Egypt: Electric furnace, undistributed ______________________~_ 8 5 ος 
Finland: Electric furnace ferrochromium .......... ----.--.-.--...------.-. 53 44 44 
France: 
Blast furnace: 
ο ο ο o Uu SS 578 460 402 
ΘττοτηβηθΏβπ686.................-........ -.......-.....-.--...---.. -... 
Electric furnace: 
Sili J ³ ³ 8 9 13 13 
Ferrosilicon ~ nnn «44 261 261 261 
Ferrochromium'? ________________________~________ 123 62 112 
. c METEO θα ß ον απο 8 : 91 86 100 
κο μμ ων ͥ aaa E 1,072 899 888 
Blast furnace épéeqiieisón: 2 3 
Electric furnace, undistributed__________________________ 158 164 166 
OCR ass es ee 2 ee 160 167 166 
Germany, West: 
Blast furnace: 
Ferromanganese® ________________-__ „„ 353 238 242 
Ferrosilicxonnmnnnnn n 130 108 100 
Electric furnace, undistributed. |... 2222222222222 812 283 265 
P;ẽõͥ]]ͤ ſſ Gm -t... αμα i d die 795 624 601 
Greece: Electric furnace ferronicke!!1!l!l.l -.-...-.... 61 61 67 
H : 
"Blasi furnace, undistributed ..............-------------.-------.- --.-.-.-... (12) P LE 
Electric furnace, DE. noe 8 12 11 11 
το o rere nei ꝛ˙ꝛ¾i⸗. ͤk λα όλος. 12 11 11 
India: Electric furnace 
Ferromang ane «„ 161 157 186 
Silicomangan ese --.- -.-.....---.-.-. -.-.-.-..-- -..-.. -.-..-. 9 2 eg 
Ferrosilicon -----—-------------———— Sree ee ee 33 44 §1 
Ferrochromſiumnununnn „ 17 11 16 
Ferrochromium-siliſo __ ~~ 2 4 οι 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production by furnace type, alloy type, 
and country —Continued 


(Thousand short tons) 
Country,! furnace type.? and alloy type? 1974 1975 
India: Electric furnace —Continued 
Otherꝶ ]!!! (9) (8 
TA oe ha ον ποπ μα πο ³ wu 215 218 
Italy: 
last furnace: 
5 )JVJJõͥõͤͤͥͤ ³ðI ii ETSI ae T EE A: 4 
erromanganese ............ „„ 
Electric furnace: 
— UMEN ME L g 
manganese ____________________ S s 5] ) 5 5 
Ferrosilicon_______________________ ..... ..... 72 78 
Ferrochromium ____________________~________ cc 44 49 
Ferrochromium-silicon ............................----.-...-.-.-.-.-.-.-.-.-. ER (8) 
ακομα ασε κ É— eee — 19 15 
%! ͥͤͤ⁰FFwdß αν ο ete ⅛˙%w. de 274 265 
Japan: Electric furnace 
— s B 
co BN c oro s reete us Es μίσος 
Ferrosilicon — AP PENNE x oe ae ²mw ß 8 407 361 
Ferrochroiummmͥuemunmnnn 597 536 
errochromium-siliſoůnmnmnd d 16 
Ferronickel ͥdẽ ⁰ͥ y d eben cic e A ως 277 221 
/) ĩð³Addſõê dd v ĩͤ . ee 20 17 
ESSERI PRO επ μα μα πω κκ k asao 2,499 2,958 
Korea, Tal ablic of: Electric furnace ferrosilicon |... _ -..-. -.-.-..-.-.. 23 
Mexico: Electric furnace 
Ferromanganese ...................... - ..--.-......-....-.-.-..-.-.-.-.-.-.-. -.-. -.. δά 71 
Silicomanganese ..................................................-... -... 16 18 
NKerrosilicon. —— . e 22 20 
GJTFRfEFT ↄ ta es hea Ne ie ποπ ο αρ. (8) (8) 
e e πο Sanu ³·ꝛ¹W] ⁵ð eg A 92 109 
New Caledonia: Electric furnace ferronic kel 205 230 
Norway: Electric furnace 
ΝΞ ονομα d 180 
comang ane _ -........... -.......-.-. -. 
Fe I dd ß uu m sam Eu ore 342 325 
Ferrochromium. mum 34 80 
Ferrochromium-siliſon ακομα EP NOME 1 1 
Othér l uu ou ue ³¹A AA ³⁴ mA Mi M Is u 10 33 
PEE NICO S Sa eres uE ORE REOR ³ðV E ³ðAA he ag SR ⁵ĩðâ2 mahu REOR ERE 943 
Peru: Electric furnace ferrosilicon. ___ ~~~ c 2222-2 1 1 
Poland: 
No m 9 10 
jegeleisen___________________________ 
ιο o c oor ο ο το ος 188 153 
Electric furnace, undistributed. __________________-_____ _ 178 183 
Total — pppd ñ ß d ee ys 320 346 
Portugal: 
Blast furnace, undistributed _________________~____ clc cL 1 ae 
Electric furnace, undistributreeiiſ˖ña 4 12 10 
ET ( ⁵ðiſſꝙſͥͥͥͥ ο ³ð— ER 13 10 
Rhodesia, Southern: Electric furnace ferrochromiumÃ“__——--—--------—- 200 220 
South Africa, Republic of: 
Blast furnace and electric furnace, undifferentiated: 
Ferromanganese — — — ___________~_~_~_~ „„ 400 469 
Electric furnace:!? 
,, ß e ES LLL. 98 115 
FerrochroiunlnngngE „ 203 
,, ß e ß E ας (8) (3) 
IJ ⁰ ˙·.0 A K i Bel 701 823 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production by furnace type, alloy type, 


and country —Continued 
(Thousand short tons) 
Country,’ furnace type,“ and alloy type? 1974 1975 1916» 
Spain: Electric furnace 
ποιο. MERERETUR 124 139 s 
,.,..ι. ee 5 75 60 61 
Ferrochromium ______§._~____~______~____~_____ 20 21 
Other ο ο au ee eae i Dx (9 (S) (9) 
Total. u l ³ ] n iacu 2 eT ele 295 814 830 
copied 11 10 8 
Ferrosilicon _.___________________________________ 56 55 
Ferrochromiummnmnun n 111 102 182 
Ferrochromium-silicon __ _ _ 20 n 41 
UPC ae ie m m aY REPERI le ⁰⁰ Ps REN 201 187 226 
δ ας. Electric furnace ferrosiliſo nnn "m τρ 6 
Taiwan: Electric furnace ferrosiliſouunnun 80 26 17 
Big senec gii 2 1 2 
erromanganese _._______________ „„ 
7% ͥͥſ%%/ ]³·¹¹ μμ ͥͤ· ο ο μασ 1 (8) 1 
Talk d oso ir νο ⁰ A ² y EE EN ee 8 1 8 
Turkey: Electric furnace ferrochromſiune 10 10 10 
U.S.S.R.: 
Blast furnace: 
Spiegeleisen_ — .............-.... --. -.-.-.-.-.-..-.- -.-.-.-.-.-.-.-.. 118 115 *112 
Ferromanganese _______________~____ 22.2- 947 968 9981 
Other cu o or re n ou y POL M 29 80 *31 
Electric furnace:** 
F JJJnlnUü¶SVXͤm s ee EE 100 90 100 
Silicomanganese® ________________________________ 28 28 28 
/ö;Ü;— ⅛˙Ü 5m cee 830 830 830 
Ferrochromium®_________________________________ 203 221 231 
Ferrochromium-ailiſonn] ])!) 7 4 6 
/%.fͤĩſũ ðLͤ ĩðZ K ĩ eM am Ee 200 180 195 
Total". chemise ee *1,962 1,972 1, 970 
United Kingdom: Blast furnace:!* 
δω κα ο ο s - łhh a Z όσα 2 DUUM 9 a m 
erromanganege ___.______________ „ͤ„4„„ n -.. -.. -.. 91 94 196 
Total ——— ũ1eb ͥͥͥ ͥͥ¹·r ] ͤ—:m- AAA λαο he DS s 100 94 186 
United States: 
gos furnace and electric furnace, undifferentiated: T" 570 ass 
erromanganese__________________________ S ... -..-.. -..... -. 
Electric furnace: 
Silicomanganese __________________________ ......... 196 143 129 
Εοττοαϊἱ]ιοση....................---------.-.-..-.-.-.-.-.-.-.-.-.-...-...-.-.-.. 791 861 
Ferrochromium ...... _ LLL LLL L 222-2 387 197 195 
Ferrochromium ilicſoeůn 99 52 54 
ο ο παμπ ð vd mr 88 176 167 188 
HIST RN μα sp rr E ta SR REINES IRR SR RR ES 2,284 1,926 1,910 
Uruguay: furnace ferrosilicon ..................-..------- -. -. -.- -. -.-- -.-..-. -. (5) (S) 
Venezuela: Electric furnace ferrosilicon |... _ _ LLL ........ .. 2 
Y via: Electric furnace 
erromanganese ____________________ -. 
Silicomanganese ........................ -.-......-. -.-.-.-.-.. -...-..-. -....-.... ..... 19 16 16 
Ferrosilicon ..............-...-----------------.-----------------.---΄-΄-.-................ 115 92 
Ferrochromium .....---- - -.-------...---...-................΄-΄΄---΄-.-΄--΄-.-...... 48 59 61 
Ferrochromium-silicon _____________________________ 5 11 11 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production by furnace type, alloy type, 


and country —Continued 
(Thousand short tons) 
Country, i furnace type,2 and alloy type? 1974 1916 19165 
Yugoslavia: Electric furnace: —Continued 
GGhhhh/ͤõõõỹ·ĩ ð² ⁰ Rcs LI EL 2 3 3 
„„ p eL ο En e 209 215 221 
Grand total —— oL LA σσ 18,927 18,147 18,284 
Of which: 
Blast furnace: 
NRI ο IEEE 184 1,980 1914 
erromangan ee 2,1 ; 
Other?! s s eno Le A 159 133 
Unspecified . ee λα ώς es 88 81 
Total blast furnace________________________ 2,585 2,284 2,202 
Electric furnace: 
Ferromanganee? _________________________ 1,949 1,961 2,029 
Silicomanganese™* 33 I  Ο.......... 1,185 1,092 1,066 
Ferrosilicon |... -.--.---.--------------------.-.. i 2,742 
Ferrochromium™ “:): 2,045 1,868 1,968 
Ferrochromium-silicon™ nh 152 120 138 
Ferronickel™ !)!!! 642 590 538 
Other?! 96 = sss s 3 f, s a 537 518 551 
Unspecified 985 921 927 
Total electric furnace ______________________ 10,448 9,818 10,082 
Furnace undifferentiated: 
erromanganese only _________________-__-_- 944 1,045 1,000 


*Estimate. Preliminary. ‘Revised. 

n addition to: tha countries listed. He Fooplè s Republic of China and North Kores are known fo pioquos Dalh biast 
furnace and electric furnace ferroalloys, but output is not reported and available generat informatica ο... 
the formulation of reliable estimates of ou t levels. (Estimates of pig iron production for these countries that a in 
the iron and steel chapter of Minerals earbook include an inseparable quantity for their ferroalloys uction.) 
x ee ών ιών pee 
estimation 


To the extent possible, ferroalloy production of each country has been separated acco: to the furnace from 
which λα is obtained; 8 derived from othermic operations is incl with electric 

SI S etn pois rele podeis o eh entry has be ωραια s to tow ida ὧν 
following major types of um 

ium-silicon and ferronickel. ker e other than those listed that have been identifed specifically 

sources, as well as these ferroalloys not identified specifically but which definitely exclude those listed oun in this 
ὄν. ν᾿ "Other." For countries for which one or more of the individual oys listed 
separately in this footnote ha ο (Un sume kaspas ERN owing to the nation's E system, 
such deviations are indicated by individual footnote. In instances where ferroall alloy production has not been ivided in 

rr and where no basis is available for estimation of individual component erroalloys, the entry has been reported 

*Electric furnace output, if any, is not reported, and no basis is available for estimation. 

“Includes spiegeleisen. 

"Includes silicomanganese. 

Includes ferrochromium (1974 only), ferrochromium-silicon (if any), and ferronickel. 

Leas than 1/2 unit. 

*Includes silicospiegelei 

ΙΓ 

Hi Includes ferronickel, if 


Revised io sero (production terminated in 1973). 


!^Ferrovanadium only; additional types may be produced, but data are not published and no basis is available for 
on. 
15Previously reported incorrectly as blast 


furnace. 
16Soviet production of electric furnace ferroalloys reported; estimates provided are based on crude source 
merania pro production hd as and estimated) jand upon upon s "sias pe which are reported in detail, by type. 


1d, lst PR uction reported, other ferroalloys are known to be produced, but data are not 
pena addition to blast br production re dn 


30S piegeleisen ferromanganese. 
3105 the totals, the following quantities (in thousand short tons) are specifically identifed as ferrosilicon: 1974—180; 
η. 11916100; the differences between the foregoing figures and the reported totals are not identified in any way, 
eisen nor 


errochromium-silicon for ith ferrochromium 
35Ferrochromium (for 1974 only), ferrochromium-silicon (if any) and ferronickel for Canada included with unspecified. 
55 (if any) for France, India, Norway, the U.S.S.R., the United States and Yugoslavia included with 
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being built by Maharashtra Elektrosmelt 
Ltd. with Norwegian technical assistance, 
was to be fed local raw materials and, with 
a rating of about 50,000 tons of alloy per 
year, would substantially enhance India's 
export capabilities. 
Indonesia.—Ferronickel developments 
included completion ahead of schedule of a 
smelter for the 2596 alloy by State-owned 
P.T. Aneka Tambang. Production of ferro- 
nickel from this plant at Pomalaa in south- 
east Sulawesi was expected to grow to over 
20,000 tons per year. Japanese interests 
provided financial backing both for this 
plant and for another ferronickel project 
proposed for Gebe Island. Indonesia Nickel 
Development Corp. (Indeco) was formed to 
carry out the Gebe Island undertaking, but 
future of the project was being seriously 
questioned by the end of the year. 
Japan.—Production of ferroalloys again 
slackened, by 6%, to 2.2 million tons over- 
all, but was still greater than that of the 
United States. In thousands of tons, main 
items produced were: Ferromanganese, 697; 
ferrochromium, 511; silicomanganese, 411; 
ferrosilicon, 345; and ferronickel, 219. Ja- 
pan Metals and Chemicals Co. Ltd. brought 
a 32 MVA ferrosilicon furnace into pro- 
duction near yearend at Wakagawa. Capaci- 
ty of the furnace was rated at about 19,000 
tons per year, but the company's net in- 
crease in ferrosilicon capacity will be only 
half this amount because of the shutting 
down of several small furnaces. The new 
furnace became the largest such furnace in 
Japan to operate on geothermal power, a 
source of relatively cheap power which 
became all the more attractive when ther- 
mal power costs went up in Japan by 30% 
or more at midyear. Competitive pressure 
from imports also was a problem for produc- 
ers, as six major firms making ferrochro- 
mium formed a cartel effective throughout 
1976 for setting minimum prices on exports. 
Mexico.—Production of manganese alloys 
began in the fall from the first of two new 
completely closed 33 MVA furnaces of Cia. 
Minera Autlán S.A. de C.V., with the second 
furnace expected to start up early in 1977. 
These furnaces were installed with Ja- 
panese technical assistance in a new plant 
at Tamós near the Gulf Coast port of 
Tampico and were to provide annually over 
100,000 tons of standard ferromanganese 
and silicomanganese. As the Tamós plant 
comes into full operation, adjustments were 
to be made in the product mix of the 
company's older plants at Aire Libre and 
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Tezuitlán. The two other Mexican produc- 
ers, Ferroaleaciones de Mexico, S.A., and 
Ferralver, S.A., had expansions underway 
on a smaller scale. 

New Caledonia.—Output of ferronickel 
was to be raised by Société Métallurgique 
Le Nickel (SLN) to over 100,000 tons per 
year, nickel content, by 1981. This approx- 
imately 2096 capacity increase was to be 
achieved by a combination of mining expan- 
sion and smelter improvement beginning in 
1977. Upgrading of the Doniambo smelting 
plant at Noumea was to be directed at ore 
preparation and calcining rather than in- 
stallation of additional furnace capacity. 

Portugal.—Cia. Portuguesa de Fornos 
Electricos (CPFE) and Milnorte-Metalurgia 
do Norte S.A.R.L. (Milnorte) were both re- 
ported adding capacity for silicon alloys. 
Installation by CPFE of a 25 MVA furnace 
at Canas was estimated to permit pro- 
duction of an additional 15,000 tons per 
year of ferrosilicon. Two new 24 MVA 
furnaces were scheduled by Milnorte to 
begin production of some 20,000 tons per 
year of ferrosilicon and silicon metal at a 
Douro River location in northern Portugal. 

South Africa, Republic of.—Ferroalloy 
production registered a 10% advance to 
over 900,000 tons with a product mix of 4 
ferromanganese—2 ferrochromium—1 fer- 
rosilicon. 

Chromium.—In December the first of 
three 30 MVA furnaces began operating at 
the new Steelpoort plant of Tubatse Ferro- 
chrome (Pty.) Ltd., a joint venture of Union 
Carbide and South Africa’s General Mining 
and Finance Corp. Ltd. All three furnaces 
were expected to be operating by the end of 
1977, which would bring the plant’s capaci- 
ty for producing charge chromium contain- 
ing 50% to 55% chromium from plentiful 
local ores up to 120,000 tons per year. A 
ferrochromium plant of the same rating 
being installed at Lydenburg by Johan- 
nesburg Consolidated Investment Co. Ltd. 
with Japanese technical assistance also 
was expected to start up in 1977. These two 
plants largely account for a projected dou- 
bling of South Africa’s ferrochromium ca- 
pability between 1976 and 1980. However, 
this possibly overly rapid growth in facili- 
ties plus a 60% increase in electric power 
costs in the past 2 years continued to raise 
questions about international competitive- 
ness of South African producers. 

Manganese.—Modernization and expan- 
sion by South African Manganese Amcor 
Ltd. (Samancor) at its Kookfontein Works 
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at Meyerton included uprating two stand- 
ard ferromanganese furnaces from 48 to 75 
MVA and starting installation of a 75 MVA 
furnace ordered from Japan, from which 
production was expected to begin in 1978. 
Highveld Steel & Vanadium Corp. Ltd. 
acquired a majority interest in Transalloys 
(Pty.) Ltd., whose new silicomanganese fur- 
nace was slated to be operating by mid-1977. 

Spain.—Startup of a new furnace for 75% 
ferrosilicon at Monzon by Hidro Nitro Es- 
pafiola S.A. was now projected for the first 
part of 1977. Hidro Nitro also was reported 
planning to build its own hydroelectric 
facilities on the Yesa Dam. Ferroaleaciones 
Espafiolas, S.A. (Fesa), increased its ferro- 
chromium capabilities with activation of a 
7.5 MVA furnace at midyear at its Medina 
del Campo plant. Production of a total of 
about 3,000 tons per year of specialty fer- 
roalloys was expected to commence about 
the middle of 1977 by Ferroaleaciones Es- 
peciales Asturianas S.A. at a new works at 
Avilés, using imported feedstock. 

Sweden.—Airco's subsidiary at Vargon, 
Airco Alloys AB, announced its intention to 
discontinue ferromanganese production and 
to concentrate on ferrochromium and ferro- 
silicon. Inability to meet pollution control 
regulations led to a decision by Avesta 
Jernwerks AB to stop its captive production 
of about 25,000 tons of ferrochromium per 
year. 

Turkey.—Built with Japanese technical 
assistance, the high-carbon ferrochromium 
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plant of State-owned Etibank came into 
operation near yearend. The two-furnace 
plant was rated at over 50,000 tons per year. 

United Kingdom.—Willan-Wogen Alloys 
Ltd., with plans for becoming one of the 
largest European producers of ferrotita- 
nium, was formed by Aurora Holdings Ltd., 
which had acquired G. L. Willan Ltd., and 
Wogan Resources Ltd. Capacity of over 
3,000 tons per year for largely the 70% alloy 
was expected to be attained by mid-1977 
from the combination of a new induction 
furnace being installed in a plant at Cat- 
cliffe, Sheffield, with already existing facili- 
ties at the former Willan plant. 

U.S.S.R.—Japan's Tanabe Kakoki was 
awarded a contract to build six 75 MVA 
closed furnaces for producing high-carbon 
ferromanganese. Presumably these units 
were ordered for installation by about 1980 
at the Nikopol manganese complex in the 
Ukraine, but details were not announced. 
Other future major expansion was reported 
scheduled by 1980 at Yermakovsky in west- 
ern Siberia, where capacity for mostly sili- 
con and chromium alloys has nearly tripled 
during the last 5 years. 

Venezuela.—Hornos Electricos de Vene- 
zuela S.A. (Hevensa) installed two 7.5 MVA 
furnaces of Hungarian manufacture for pro- 
duction of 75% ferrosilicon, ferroman- 
ganese, and silicomanganese. Further ex- 
pansion through addition of a 25 MVA 
furnace was expected by 1979. 


TECHNOLOGY 


A single-addition foundry alloy for pro- 
duction of compacted-graphite (CG) cast 
iron has been developed by joint research 
between Foote Mineral Co. and the British 
Cast Iron Research Association. This alloy 
is based on regular-grade magnesium ferro- 
silicon and contains controlled amounts of 
calcium, titanium, and rare earths (about 
0.3% cerium). Use of this complex alloy 
permits reproducible manufacture of cast 
iron with an interconnected graphite flake 
morphology. Such a cast iron has a blend of 
properties intermediate to those of gray and 
ductile irons. Potential applications sug- 
gested for CG cast iron include a number of 
automotive and machine parts.’ 

Another new alloying material intro- 
duced, by Reading Alloys, was a vanadium 
additive termed ferrovanadium carbide. 
This additive contains about 68% vanadium 
and 15% each of carbon and iron and was 


marketed to compete with other proprie- 
tary vanadium additives commonly used by 
steelmakers. Manufacture of this ferrovana- 
dium carbide is by a patented high- 
temperature solid-state reduction process 
whereby powder mixtures, typically of car- 
bon and oxides of iron and vanadium, are 
reaction-sintered at atmospheric pressure 
under reducing conditions.‘ 

Plasma smelting of ferroalloys, while not 
yet commercial, continued to interest re- 
searchers, particularly with respect to fer- 
rovanadium and ferrochromium. A plasma 


Evans, E. R., J. V. Dawson, and M. J. Lalich. Compacted 
Graphite Cast Irons and Their Production by a Single 
Alloy Addition. Trans. Am. Foundrymen’s Soc., v. 84, 1976, 
pp. 215-220. 

Lalich, M. J. Compacted Graphite Cast Iron. Modern 

, V. 66, No. 7, July 1976, pp. 50-52. 
oys, Inc., Robeso- 


NA F. H. (assigned to Reading All 
Pa.). Process for Producing Carbide Addition Agents. 
U. U. S. Pat. No. 3,982,924, Sept. 28, 1976. 
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reactor system for ferrovanadium has been 
developed at Bethlehem Steel Corp.* This 
system was operated at 100 and 500 kW 
levels, and scale-up to a plant capable of 
producing over 1 million pounds of vana- 
dium per year was projected. The process 
entails high-temperature reaction in a 
plasma between a carbon and a metal oxide 
with accumulation of product in a molten 
iron charge held in a receiving crucible. 
Efficiency of operation was improved by 
using finely ground coke and vanadium 
pentoxide prereduced to trioxide. A 50% 
ferrovanadium was produced in the 500-kW 
equipment with an energy consumption of 
about 3 kw-hr/lb of vanadium. Mostly on a 
theoretical basis, possibilities for applying 
plasma methods to ferroalloy production 
were outlined by Westinghouse Electric 
Corp. researchers, who analyzed the feasi- 
bility of making high-carbon ferrochro- 
mium from low grade ore.* 

High-temperature fused-salt electrolysis 
is used to reduce manganese from ore, by 
methods developed by Diamond Shamrock 
for producing “Massive Manganese." This 
alloy, as made directly from ore, typically 
contains about 0.14% carbon and 6% iron 
as major impurity, and is regarded by the 
Bureau of Mines for statistical purposes as 
low-carbon ferromanganese. However, a 
98% manganese product can be manufac- 
tured using a feed of pure manganous oxide 
obtained from beneficiation of ore. Reaction 
in the electrolytic cell at about 1,300° C is 
between carbon anodes and oxide electro- 
lyte to yield α molten metallic product. 
Fluorspar is used as fluxing agent in the 
electrolyte, and lime is also added to main- 
tain a balance with acidic constituents of 
the feed ore. 

Introduction of hydrogen into steel by 
way of ferromanganese and silicoman- 
ganese and ways of lowering the hydrogen 
content of these manganese alloys by heat 
treatment have been studied. Part of the 
hydrogen in manganese alloys was found to 
be dissolved, and part bound as an oxyhy- 
droxide coating which forms when there is 
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contact between the alloy and water in 
liquid form. The level of hydrogen in ferro- 
manganese could be lowered to that in 
freshly manufactured alloy by heating to 
900° C at atmospheric pressure or to 600° C 
in a partial vacuum.* 

International Nickel (U.S.) Inc. an- 
nounced formation of International Metals 
Reclamation Company, Inc., to establish 
and operate a facility near Pittsburgh, Pa., 
for commercial reclamation of specialty 
steelmaking waste products. Plans are for 
the facility to begin processing over 40,000 
tons per year of wastes into a nickel- 
chromium remelt alloy and a zinc-lead ox- 
ide product by mid-1978. Process de- 
scriptions so far available indicate that a 
proprietary smelting operation with full 
allowance for environmental considerations 
has been developed.“ Studies by the Bureau 
of Mines of pyrometallurgical treatment of 
stainless steelmaking dusts for conservation 
of chromium, nickel, lead, and zinc pro- 
gressed from laboratory to semicommercial 
scale. 

Ferrophosphorus has been found accept- 
able as a partial replacement for zinc in 
corrosion resistant coatings on steel. Substi- 
tution for up to 50% by weight of zinc was 
feasible in automotive primers. In addition 
to being more economical, use of ferrophos- 
phorus in place of zinc in primers improved 
welding and torch cutting operations and 
lowered associated evolution of fume. 0 


*Mac Rae, D. R., R. G. Gold, C. D. Thompson, and W. R. 
rrovanadi Plasma Carbothe 


Sandall. Fe um Production r- 
mic Reduction of Vanadium . 84th Elec. Fur- 
c dm Louis, Dec. 7-10, 1976, v. 84, pp. 


*Fey, M. G., and F. J. Harvey. Plasma Heating Devices 
in the Electric ΠΟ ny M Messe Qué e 


Las Vegas, Nev., Feb. 24, 1976, 7 
z nheuer, F., and S. FDéhler. Ursachen 
Beeinflussung der W. te in πο und silo 
mangan € (Canses and Effects of n in Ferroman- 
ese). Eisen, v. 96, No. 


0/11, “June 8, 1976, pp. 502-504. 
Rec. 


Review. Inco Plans lamation 
Plant for Wastes. V. 65, No. 26, June 26, 1976, p. 10. 
— F. A de, and V. P. Simpeon. New Class of 
Conductive Extenders in Zinc-Rich Coatings. J. Coatings 
Tech., v. 48, No. 614, March 1976, pp. 61-66. 


Fluorspar 


By C. K. Quan! 


World fluorspar production dropped from 
the 1975 level, despite a slight increase in 
consumption resulting from a general re- 
covery in aluminum and steel production. 
Mexican output, which attained a record 
1.80 million tons in 1971, fell to a little 
under 1 million tons in 1976, the con- 
sequence of a continuing decline in U.S. 
reliance on Mexican fluorspar. Partially 
balanced against this is the Republic of 
South Africa's rise as an important produc- 
er, whose vast reserves, if exploited, may 
well make it a world leader in fluorspar 
production. 

Environmental concerns over the possible 
effects of fluorocarbons on stratospheric 
ozone continued to depress the acid-grade 
fluorspar market, causing an oversupply 
situation which is expected to prevail until 
about 1980. Meanwhile, exploration for 
fluorspar and mine plant expansions were 


reported in several parts of the world, in 
anticipation of increased demand in the 
early eighties. 

By far the largest users of fluorspar were 
Steel furnaces, with 6096 of estimated world 
consumption in 1976, followed by aluminum 
smelters with 19%, and fluorocarbons with 
1590. Historically, growth in fluorspar de- 
mand roughly paralleled growths in alumi- 
num and steel production. In recent times, 
however, growth projections are being 
tempered by new technology and stringent 
environmental regulations on fluorine e- 
missions. The revolutionary Alcoa Smelting 
Process, which uses no fluorides in the 
production of aluminum, may well be a 
harbinger of difficult days ahead for the 
fluorspar market. Similarly, more efficient 
utilization and recycling of raw materials in 


! Physical scientist, Division of Nonmetallic Minerals. 


Table 1.—Salient fluorspar statistics! 


1972 1978 1974 1975 1976 
United States: 
Production: 
Mine production... short tons 710,668 561,149 447,253 376,601 611,133 
Material beneficiated_ _ _ _ _ _ _ .. do— 771,411 663,361 409,005 401,477 574,678 
ial recovered ________ _ do_ _ __ 041 232,891 201,816 182,060 582 
Finished (shipments)... do— ἕ 248,601 201,116 189,918 188,210 
Value f.o.b. mine thousands_ _ $17,315 $17,381 14,297 ,888 $17,921 
ο ο πρ N short tons 2,7 2,428 5,847 1,884 4,923 
ue? ___------— 2a $1 $171 $316 r$234 $764 
Imports for consumption short tons 1,181,583 1,212,847 1,336,389 1,050,448 895,254 
Value*___________ thousands $41,851 $52,620 $60,988 $66 $64,881 
Consumption (reported) _ _ _ _ _ _ short tons 1,852,149 1,851,705 1,524,532 1,244,988 1. 273, 458 
Consumption (apparent) ________ do 1,487,933 1, 508,759 1,428,719 71, 300,067 1, 120,970 
Stocks Dec. 31: 
Domestic mines 
Crude do- 111,565 57,901 44, 196 57, 883 905 
Finished do- 15,295 8,675 13,668 11,386. 14,870 
Consumer do- 377,942 327,703 430,642 319,552 271,183 
World: Production do... 4,992,406 — *5,043,737 T5,955,079 "5015422 4,888,784 


"Revised. 
Does not include fluosilicic acid and imports of hydrofluoric acid and cryolite. 


2Questionable quantity or value. 


F. o. b. foreign port in 1972-74; c. i. f. port of entry in 1975-76. 
*Apparent consumption includes finished shipments, plus imports, minus exports, and plus or minus consumer 


inventory c 
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new or existing smelters may result in 
further erosion of fluorspar demand, the 
extent of which is not yet readily predict- 
able. 

Legislation and Government  Pro- 
grams.—A House bill, H.R. 6254, was intro- 
duced in Congress on April 24, 1975, to 
provide for a 2-year suspension of tariff on 
imported fluorspar. The bill lapsed with the 
adjournment of Congress in 1976. 

In mid-September, the National Academy 
of Sciences announced that chlorofluoro- 
carbons (more commonly called fluoro- 
carbons) posed a legitimate threat to man's 
environment. Fluorocarbons, particularly 
those used as aerosol propellants, rise 
through the atmosphere and are subse- 
quently photolyzed by ultraviolet radiation 
into chlorine atoms which then react cata- 
lytically with ozone, depleting it. The 
consequence of ozone diminution in the 
stratosphere is an increase in the amount of 
damaging ultraviolet radiation reaching the 
earth's surface, which may potentially raise 
the incidence of skin cancer, cause eye 
damage, and accelerate aging, as well as 
modify the earth's climate. In the wake of 
the National Academy of Sciences pro- 
nouncements, the Food and Drug Admin- 
istration (FDA) proposed rules requiring 
warning labels on most aerosol products 
containing fluorocarbon propellants. The 
labels would read: “Warning: Contains a 
chlorofluorocarbon that may harm the pub- 
lic health and environment by reducing 
ozone in the upper atmosphere.” At year- 
end, the FDA, the Consumer Product Safety 
Commission, (CPSC) and the Environmen- 
tal Protection Agency (EPA) announced 
plans to phase out nonessential uses of 
certain fluorocarbons. Rules pertaining to 
fluorocarbon manufacture and use are ex- 
pected in early 1977. The potential techno- 
logic and economic impact of possible legis- 
lation on the fluorspar, fluorocarbon, and 
related industries have been examined by 
Shamel:“ Brennan; the Department of 
Commerce;* and Commodities Research 
Unit, Ltd.“ 

New emission standards for aluminum 
smelters being modified or under con- 
struction were finalized by the EPA in 
January 1976, and require the removal 


« 
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of 95% of fluoride emissions from stack 
gases before release into the atmosphere. 
Emissions from prebake plants were limited 
to 1.9 pounds of fluoride per ton of alumin- 
um produced, and 2.0 pounds per ton from 
Soderberg plants. For either process, opac- 
ity of the emissions was limited to 10%. 
Fluorine emissions from anode bake plants 
were limited to 0.1 pound per ton of anode 
produced, and opacity of the emissions to 
20%. 

Government stockpiles of strategic and 
critical materials contained 890,000 tons 
of acid-grade and 412,000 tons of metal- 
lurgical-grade fluorspar. On October 1, 
1976, the Federal Preparedness Agency 
(FPA) of the General Services Administra- 
tion (GSA) announced new stockpile goals, 
increasing the acid-grade fluorspar goal to 
1,594,000 tons and  metallurgical-grade 
fluorspar goal to 1,914,000 tons. These new 
goals would have significant impact on the 
fluorspar industry should Congress decide 
to fulfill them through short-term pur- 
chases. 

As in years past, mining of domestic 
reserves was granted a 22% depletion allow- 
ance against Federal income tax, compared 
with 14% for foreign reserves. 


2Committee on Impacts of Stratospheric Change. Na- 
tional Academy of Sciences. Halocarbons: Environmental 
Effects of Chlorofluoromethane Release. 1976, 125 pp. 

Panel on Atmospheric Chemistry. National Academy of 
Sciences. Halocarbons: Effects on Stratospheric Ozone. 
1976, 352 pp. 

3U.S. Food and Drug Administration. Fluorocarbons and 
Other Halocarbons in Foods, Drugs, Animal Drugs, Biolog- 
ical Products, Cosmetics, and Medical Devices. Federal 
Register, v. 41, No. 229, Nov. 26, 1976, pp. 52070-52079. 

*Shamel, R. E., O'Neill, J. K., and Williams, R. Prelimi- 
nary Economic Im Assessment of Possible Regulatory 
Action To Control Atmospheric Emissions of Selected 
Halocarbons. Arthur D. Little, Inc., 1976, 302 pp. 

Brennan, R. P., Lau, R. W. J. and Patmore, J. W. 
Fluorocarbons and the Environment: A Preliminary Tech- 
nology Assessment. Systems Control, Inc., 1976, 150 pp. 

*Bureau of Domestic Commerce, US. Department of 
ο Economic Significance of Fluorocarbons. 1975, 

pP. 

"Commodities Research Unit, Ltd. (United Kingdom). 
The Effect on the Acid-Grade Fluorspar Industry of 
Legislation Restricting the Use of Fluorocarbons. 1976, 100 


Pp. 

50.59. Environmental Protection Agency. Performance 
Standards for New Stationary Sources. Primary Alumi- 
num Industry. Part 3. Federal Register, v. 41, No. 17, Jan. 
26, 1976, pp. 3826-3830. 
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DOMESTIC PRODUCTION 


Domestic shipments of all grades of 
fluorspar were 188,270 tons, 35% over 1975 
shipments. Shipments from the Illinois- 
Kentucky district represented 85% of the 
total volume; the balance came from Arizo- 
na, Montana, Nevada, Texas, and Utah. 
Three major companies operating nine 
mines and three flotation circuits in Illinois 


State Company 
Arizona Tonto Mining and 175 Co 
Western Flu PM 
Illinois .... ....- Allied Chemi y DH 
Ozark-Mahoning Co 
Mining Co 
Tamora Mining Co 
Kentucky _________ Frontier Spar Corn 
Kenspar Co .........-.......-.-. 
Montana rts Mining Co _ - 
Νοναἆβ.......... -............ Crowell, Jr. & Sons 
Texas ο etc eralsCo ______ 
.. US. Gane Corn 
1Processed crude ore from Bluebird and Turkey mines. 
2Shipments of purchased ore. 
3Plant undergoing expansion. 
*Shipments from inventory only. 


Estimated annual production capacity 
was some 350,000 tons, and domestic pro- 
ducers operated at about 5490 of capacity in 
1976. This compared with a 40% capacity 
utilization in 1975, a relatively poor year for 
an industry impacted by a 3-month labor 
dispute and a generally weak fluorspar 
market. In terms of demand, domestic pro- 
ducers provided 1596 of total reported con- 
sumption, compared with 11% in 1975. 

In Kentucky, Minerals Exploration Co. 
and Armco Fluorspar Corp., a wholly owned 
subsidiary of Armco Steel Corp., entered 
ir.to a joint venture, giving rise to Kenspar 
Co. Initial production was to come from 
various residual deposits on previously 
owned Minerals Exploration properties 
near Mexico, Ky., but plans were underway 
for extensive underground exploration by 
diamond drilling and drifting from a verti- 
cal shaft nearby. Included in the plans was 
an expansion program incorporating a new 
flotation circuit in a mill leased from Ozark- 
Mahoning Co. When completed, the Ken- 
spar project will provide output for captive 
usage by Armco Steel as well as for com- 
mercial sales. 

At yearend, Pan Ocean Oil Co., a wholly 
owned subsidiary of Marathon Oil Co., 
announced the acquisition of Frontier Re- 


and Kentucky accounted for 83% of the 
total output. Small, intermittent operations 
or shipments from inventory in Illinois and 
the Western States accounted for the re- 
mainder of the supply. À list of domestic 
producers with reported output in 1976 
follows: 


Mines Type of mills 
8 Bluebird? _______ Flotation. 
n C None. 
. Spivey, Gaskin, Heavy-medium and 
orf Mi- flotation. 
nerva No. 1 
σας ett, t, Heavy-medium, 
Oxford and H-M n rins 
: riqu ; 
—À Spar Mountain Heavy-medium. 
oie None? |. ...... and 
tau Babb-Barnes . . — Heavy-medium and 
flotati 
mue Various residual Do? 
deposits. 
3 Crystal Mountain“ Heavy- medium 
eS PA isy -------.-- one. 
— Fluoride Queen —  - Do 


sources Inc. of Denver, renaming Cerro 
Spar Corp.s operations near Salem, Ky., 
Frontier Spar Corp. Prior to the acquisition 
by Pan Ocean Oil, Cerro Spar was a 95% 
subsidiary of Frontier Resources, with the 
remaining stock held by a private individ- 
ual. Mine and mill activities initiated by 
Cerro Spar were continued under the new 
ownership, and plans were made for the 
possible development of a new mine near 
Hampton, Ky., and the expansion of the 
existing mill in 1977. 

Ozark-Mahoning Co. a subsidiary of 
Pennwalt Corp., and Allied Chemical Corp. 
continued as the largest domestic producers 
of fluorspar, with their operations in Pope 
and Harding Counties in southern Illinois. 
Output by Ozark-Mahoning consisted of 
acid and metallurgical grades of fluorspar, 
including briquets, while Allied Chemical's 
output comprised acid and ceramic grades. 
Both operators also recovered various a- 
mounts of lead, zinc, and barium concen- 
trates as byproducts from their flotation 
circuits. 

Tonto Mining and Milling Co., inactive in 
1975, resumed shipments from its Tonto 
Basin, Ariz., operations in 1976. Feed for its 
flotation plant was derived from Tonto’s 


Bluebird mine as well as from the Turkey 
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mine of Western Fluorspar Co. Reportedly, 
shipments were made intermittently to 
Allied Chemical's hydrofluoric acid plant in 
Pittsburgh, Calif. 

In Idaho, Domestic Power Co. continued 
exploration and evaluation of its fluorspar 
deposits located west of Challis. At yearend, 
a heavy-medium separation plant was re- 
ported to have been purchased for assembly 
on the property. 

Extensive exploratory drilling was re- 
ported by Ozark-Mahoning and Allied 
Chemical in Illinois and by U.S. Borax and 
Chemical Corp. in Tennessee. Some 300,000 
feet of drilling was logged in these two 
States. U.S. Borax, a subsidiary of Rio Tinto 
Zinc Co., is known to have delineated 50 
million tons of ore containing 17% CaF; ina 
fluorspar-barite deposit in the Sweetwater 
district, some 40 miles southwest of Knox- 
ville, Tenn. Some development of the ore 
body has been planned for 1977, but full 
production is not likely to materialize for 
several years. 

Seven processors, operating at 5896 of 
estimated annual capacity, supplied the 
Steel industry with 292,000 tons of fluorspar 
briquets, valued at slightly in excess of $24 
million, in 1976. The shipments represented 
gains of 9496 in volume and 86% in value 
over those of 1975. With the exception of 
Ozark-Mahoning's plant in Illinois, plants 
elsewhere utilized imported fluorspar of 
various grades, averaging 78% CaF:, to 
fabricate a finished product averaging 66% 
CaF». A list of domestic briquettors follows: 
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Of increasing importance as a secondary 
source of domestic fluorine for the chemical 
and aluminum industries is byproduct 
fluosilicic acid, H, Si F., recovered from the 
wet- process manufacture of phosphoric acid 
from fluorapatite. Eleven phosphoric acid 
plants processing some 9 million tons of 
phosphate rock recovered 70,000 tons of 
fluosilicic acid in 1976, a gain of 17% over 
1975 byproduct recovery. Of the 70,000 tons 
of fluosilicic acid recovered, 47,000 tons was 
subsequently shipped to the consuming in- 
dustries. Thus, the phosphoric acid industry 
supplied an equivalent of 38,000 tons of 
fluorine, or abeut 7% of total fluorine con- 
sumption. Α list of domestic phosphoric acid 
plants reporting fluorine recovery in 1976 
follows: 


Processor Location 
ο Chemical oo rce, Fla. 
CentralPhosphates Ine ος Plaut Οἱ ΜῊ 
n o8 - 88 ity, 
diui re du: 
Gardinier er SOPAG), ECC Tampa, Fla. 
RM ird ula, 
Stauffer Chemical o Salt Lake City, 
USS. Agri-Chemicals ________- Bartow, Fla. 
sei es asum sss 8 Wilmington, 
ö; 8 Nashville, Tenn. 
W. R. Grace & co Bartow, Fla. 


At yearend, producers inventories con- 
sisted of 9,063 tons of acid-grade fluorspar, 
up 66% from the 1975 figures, and 5,807 
tons of metallurgical-grade material, down 


290. 
Domestic reserves were estimated at 16 


Pss : million tons of ore containing 35% CaF,. 
co y EE basan i Illinois and Kentucky accounted for 5696 of 
Delhi Fo F Sand co B 
i - τω .' total reserves; Colorado and Idaho, 36%; 
ercier Corp -------------- Dearborn, Mich. &nd Montana, Nevada, New Mexico, Texas 
National Briquet Cor East , , 
et ee z Ind and Utah, the remainder. Domestic re- 
Oglebay Norton and co Brownsville, sources were describod in two U.S. Geolog- 
Ozark-Mahoning o Rosiclare, Ill. ical Survey publications.* 
Do dba acus Brownsville, P 
Tex. Pinckney, D. M. Mineral Resources of the Ilinois- 
Kentucky Mi District. U.S. Geol. Survey Prof. Paper 
970, 1976, pp. 1-15. 
Table 2.—Shipments of finished fluorspar, by State 
1975 1976 
cn Value Value 
Quanti Total Average — Quanti Total Average 
Short" (thou- per νομος (thou- per 
tons) sands) ton tons) sands) ton 
Illinois eg AA ? 99,898 $8,957 $89.66 142,666 $14,563 $102.08 
Utah ______________________ 9,542 389 40.77 W W W 
Other States? 80,478 1,542 50.61 45,604 8,864 13.77 
Totaal 139,913 10,888 71.82 188,270 17,921 95.22 
W Withheld to avoid disclosing individual company confidential data. 


Montana, Kentucky, Nevada, and Texas (also Utah in 1976). 
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Table 3.—Shipments and mine stocks of finished fluorspar in the United States, by grade 


1975 1976 
Grade Value! Value Value! Value 
E (thou- per Stocks? italy (thou- per Stocks? 
) to ds) ton 
Acid___~__________ 56,944 $4,823 T$84.69 5,461 116, 300 312,470 . $107.28 9,063 
Metallurgical _______ 82,969 6,065 73.10 5,925 71,970 5,457 15.82 5,807 
Total 189,913 10,888 71.82 11386 188, 270 17,921 95.22 14,870 
TRevised. 
VTotal value as N by mine production. 
Mine stocks as of 
3Includes #1 ceramic ee 
CONSUMPTION AND USES 


Fluorspar is an important industrial 
mineral, valued for its fluxing properties 
and as a principal source of fluorine. 
Although not a major commodity in terms 
of total quantity produced annually, it is a 
critical raw material for the steel, alumi- 
num, and chemical industries. 

Different grades of fluorspar are required 
for various uses. Acid-grade, containing 
more than 97% CaF:, is feedstock for the 
manufacture of hydrofluoric acid, a key 
ingredient for the aluminum and fluoro- 
chemical industries. Ceramic-grade, con- 
taining between 85% and 97% CaF, is used 
in the ceramics industry for the production 
of glass and enamel. Increasingly, acid- 
grade material is being used by the ceram- 
ics industry in order to capitalize on its low 
import duty. On the other hand, some 
hydrofluoric acid manufacturers are finding 
it economically advantageous to utilize 
ceramic-grade material, provided some 
contaminants are properly controlled. 
Metallurgical-grade fluorspar, containing 
between 60% and 85% CaF», is used almost 
exclusively in the iron and steel industries. 
In the United States, metallurgical-grade 
fluorspar is customarily quoted in terms of 
effective units, obtained by subtracting two 
and a half times the silica content of the ore 
from the CaF, content. Traditionally, a 
minimum of 70% effective CaF; has been 
used in the steel furnaces, but in recent 
times lower grade material, including bri- 
quets, is gaining widespread usage. 

Most of the ceramic and metallurgical 


applications for fluorspar are derived from 
its ability to form lower melting eutectics 
with refractory materials. In steelmaking it 
assists in the effective desulfurization and 
dephosphorization of the melt, promotes 
slag fluidity, and enhances the solution of 
lime. Of particular importance to basic 
oxygen furnace use is its ability to sustain a 
stable foam emulsion during the refining 
process. Fluorspar usage in steelmaking 
varies considerably among individual com- 
panies and mills. In 1976, major U.S. steel 
mills reportedly consumed 606,578 tons of 
fluorspar; open hearth furnaces accounted 
for 92,792 tons, basic oxygen furnaces, for 
423,493 tons and electric furnaces for 90,293 
tons (table 4). According to the American 
Iron and Steel Institute, domestic pro- 
duction of raw steel for the year amounted 
to 127,943,000 tons, of which 23,470,000 tons 
was from open hearth furnaces, 79,918,000 
tons from basic oxygen furnaces, and 
24,555,000 tons from electric furnaces. Over- 
all, the steel industry consumed about 9.5 
pounds of fluorspar per ton of crude steel 
produced. On the basis of furnace type, the 
average fluorspar consumption per ton of 
raw steel is computed as follows: 


Fluorspar 
Type of furnace pounds por 
ton 
Open heartnn -..-.. -. -. 1.9 
Basic oxygen 10.6 
e ammi T.8 
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Briquets averaging 76% CaF, accounted 
for a little over 30% of the total fluorspar 
consumption by the steel industry. With 
rapidly diminishing supplies of good-quality 
metallurgical-grade fluorspar, it is antici- 
pated that the trend towards increased 
usage of briquets will continue. The uni- 
formity in grade of the briquet and its 
convenience in handling make it an at- 
tractive alternative to natural fluorspar. 

Hydrofluoric acid is made by the reaction 
of acid-grade fluorspar with sulfuric acid. 
About 2.2 tons of fluorspar are required per 
ton of acid produced. Acid-grade fluorspar 
consumption by 12 domestic hydrofluoric 


Producer 
rir Company of America Point Comfort, Tex 
coa 
Allied Chemical Corn Baton Rouge, La 
Ge ται. 
North Claymont, Dei 
on 
Du Pont Co Aak eee 
on ay. FEC „Te 
Essex Che mical Corp 55 Paulson NJ JI 
Harshaw Chemical co Cleveland, Ohio 
Kaiser Aluminum ........-- Ἢ τόκα ος 
Pennwalt Cor Calvert ity, Ky «ες. 
Stauffer Chemical Co __ Houston, Tex _ _ _ _ _ 
Total —— AA Ξε. 


Source: Chemical Marketing Reporter. 


Total hydrofluoric acid produced for cap- 
tive usage as well as for general consump- 
tion in 1976 amounted to 288,200 tons, 
according to the U.S. Department of Com- 
merce. An additional 85,500 tons, worth 
about $41 million, was available from im- 
ports, principally from Mexico and Canada. 
Total hydrofluoric acid supply, therefore, 
amounted to 373,700 tons. Major end uses of 
hydrofluoric acid comprised fluorocarbon 
production, aluminum refining, petroleum 
alkylation, uranium enrichment, stainless 
Steel pickling, the production of fluorine 
compounds other than fluorocarbons, and 
miscellaneous uses. 

The term fluorocarbons is applied to all 
organic fluorine chemicals, most of which 
are chlorofluorocarbons and the remainder 
fluorocarbons and other fluorine chemicals. 
Fluorocarbons possess properties that ren- 
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acid plants amounted to 631,284 tons, down 
6% from that of 1975. A contributing factor 
to the decline in consumption was the 
cessation of DuPont's production at Deep- 
water, N.J., at yearend 1975, and the partial 
shutdown of Allied Chemical’s plant at 
Claymont, Del., during 1976. It is antici- 
pated that Du Pont’s future requirements 
will be met by Quimica Fluor, 5.Α., whose 
hydrofluoric acid plant came onstream in 
1976 at Matamoros, Tamaulipas, Mexico. 
Du Pont is part owner of Quimica Fluor. A 
list of domestic hydrofluoric acid plants 
follows: 


Plant location 


T -J 
8 


AREF 


der them eminently useful as refrigerants 
and aerosol propellants. They are nontoxic, 
odorless, and nonflammable. Being chemi- 
cally stable, they do not react with the 
products with which they are packaged. 
They also have the advantage of liquefying 
easily under slight pressure. 

Five fluorocarbons account for nearly 
95% of total domestic fluorocarbon pro- 
duction, as follows: 


Fluoro- : 
Chemical Molecular 

ca μια name formula 
Fll ... Trichlorofluoromethane _ _ _ CClsF 
F12 ___ Dichlorodifluoromethane CCleF3 
F22 ___ Chlorodifluoromethane  CHCIF$4 
F113 Trichlorotrifluoroethane .. CCleF-CCIFs 
F114 Dichlorotetrafluoroethane . . CCIF$4-CCIF4 
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Most fluorocarbons are manufactured by 
by the catalytic reaction of hydrofluoric 
acid with carbon tetrachloride, chloroform, 
or perchloroethylene. The average con- 
sumption of hydrofluoric acid is 0.25 to 0.50 
pound per pound of fluorocarbon produced, 


Producer 
Allied Chemical Cord Baton Rouge, La 
Denville, Ill  Ὃ 
El Segundo Calif” ~~ 
ο, ον 
Du Pont Company .........- Antioch, [ΜΕΝ 
Pennsville, N.J 
East Chi „Ind 
Louisville, 1 
Montage, Mich _ _ _ _ 
Corpus Christi, Tex 
Kaiser Aluminum 5 La ____ 
Pennwalt Cor Calvert ity, K) 
Thorofare, ROREM 
Racon Cord Wichita, HA 
Union Carbide Cor Institute, W.Va 
Total. p 2 ee 
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depending on the product, but for the fore- 
going major products an average of 0.35 
pound per pound appears reasonable. Six 
producers with an estimated annual capaci- 
ty of 595,000 tons account for the entire 
domestic fluorocarbon output: 


Plant location 


Sources: Chemical Marketing Reporter, and Arthur D. Little, Inc. 


Prior to 1974, approximately half of all 
fluorocarbon production was used as aerosol 
propellants in antiperspirants, deodorants, 
hair sprays, paints, and household disin- 
fectants. This market was growing at about 
8% annually then. The second major use for 
fluorocarbons was as a refrigerant, ac- 
counting for 28% of all fluorocarbons. 
Foamblowing accounted for about 7% of 
total consumption; solvents, 5%; plastics 
and resins, 4%; and exports and other uses, 
1%. Since late 1974, however, the growth in 
aerosol propellant usage has been signifi- 
cantly slowed by controversy over environ- 
mental degradation due to the presence of 
fluorocarbons in the stratosphere. It has 
been estimated that aerosol propellants 
now account for only 30% of U.S. fluoro- 
carbon consumption and will continue to 
decline in years to come as laws are promul- 
gated restricting nonessential uses of 
fluorocarbons. 

Production of fluorocarbons F11 and F12, 
amounted to 312,100 tons in 1976, according 
to the U.S. International Trade Commis- 
sion. While data on other fluorocarbons are 
unavailable, total production of all fluoro- 


carbons is estimated at 450,000 tons, down 
1% from that of 1975. This production 
accounted for 157,500 tons of hydrofluoric 
acid, or 42% of total supply for the year. 
Hydrofluoric acid is not consumed direct- 
ly in aluminum smelting but is used to 
produce aluminum fluoride (AIF;) and 
synthetic cryolite (NasAIF.) by reaction 
with alumina and caustic soda, respectively. 
Subsequently, cryolite and aluminum fluo- 
ride are used with alumina in the molten 
bath from which aluminum is produced by 
electrolysis. Aluminum fluoride is added to 
the electrolyte to lower its melting point, 
but only a limited amount can be added 
because it also reduces the electrical con- 
ductivity. Small amounts of fluorspar are 
therefore added to further reduce the melt- 
ing point without also reducing the elec- 
trical conductivity. Previously, some natu- 
ral cryolite, primarily from Greenland and 
now very rare, was used in the potlines, but 
today nearly all the fluorides are produced 
from hydrofluoric acid. The fluorides do not 
enter the final product but are absorbed in 
potlinings or discharged into the air as 
particulates or gases. Fluoride consumption 
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varies with individual smelters but aver- 
ages 60 pounds of aluminum fluoride and 50 
pounds of cryolite per ton of aluminum 
ingot produced. This is equivalent to about 
70 pounds of hydrofluoric acid per ton of 
aluminum. In recent times, however, the 
actual amount of hydrofluoric acid required 
is probably 20% less, or 56 pounds, owing to 
recycling of fluoride values from potlines 
and flue gases, as well as the manufacture 
of aluminum fluoride and cryolite from 
fluosilicic acid. 

Six major companies - Aluminum Com- 
pany of America, Allied Chemical Corp., 
Kaiser Aluminum, Olin Corp., Stauffer 
Chemical Co., and Reynolds Metals Co. - 
account for most of the domestic production 
of aluminum fluoride and synthetic cryo- 
lite. All are partially or completely integrat- 
ed with facilities producing hydrofluoric 
acid and aluminum. For some years Kaiser 
has also produced cryolite from sodium 
silicofluoride, while Alcoa produced both 
cryolite and aluminum fluoride from fluo- 
silicic acid. This is in addition to their 
cryolite and aluminum fluoride production 
from hydrofluoric acid. 

According to the Aluminum Association, 
domestic production of primary aluminum 
in 1976 amounted to 4,251,500 tons, up 10% 
from that of 1975. This accounted for about 
119,000 tons, or 32% of total hydrofluoric 
acid supply for the year. 

The enrichment of uranium in the fissile 
isotope, Usss, is either by the conventional 
gaseous diffusion process or by the more 
recent gas centrifuge process. Both pro- 
cesses involve the use of uranium hexa- 
fluoride, UF., as the form in which the 
isotope separation takes place. Uranium 
hexafluoride is convenient for this purpose 
because it is gaseous at moderate tempera- 
tures. Yellowcake, containing 80% to 85% 
U3O,, is first refined to purified UO,. This is 
followed by reaction with anhydrous hydro- 
fluoric acid to produce greensalt, UF.. The 
final stage involves the conversion of green- 
salt to uranium hexafluoride by means of 
elemental fluorine. Total hydrofluoric acid 
requirement by the entire process is esti- 
mated at 1.1 tons per ton of uranium hexa- 
fluoride produced. 

It is estimated that about 11,000 tons of 
U. O, were processed in 1976, requiring 
12,100 tons, or 3% of total hydrofluoric acid 
supply. Uranium enrichment is probably 
the fastest growing end use market for 
hydrofluoric acid. Although a relatively 
minor demand, it is important and will 
continue to grow in parallel with the 
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growth of nuclear power facilities. 

The hydrofluoric acid alkylation process 
is one of several processes available for the 
alkylation of propene- and butylene-type 
olefins. Approximately 0.33 pound of hydro- 
fluoric acid is used in the production of 1 
barrel of alkylate. Estimated 1976 consump- 
tion by this end use was about 12,000 tons, 
or 3% of total hydrofluoric acid supply. 

Apart from uranium enrichment, the 
largest single use of anhydrous hydrofluor- 
ic acid is in stainless steel pickling, which 
utilizes the acid for descaling after rolling 
operations. However, not all grades of stain- 
less steel are pickled with hydrofluoric acid, 
some requiring only nitric acid or a molten 
caustic bath. Consumption of hydrofluoric 
acid varies but apparently averages 25 
pounds per ton of stainless steel pickled. 
Domestic production of stainless steel 
amounted to 1,684,000 tons in 1976, up 52% 
from that of 1975. Assuming that 42%, or 
707,000 tons, was pickled by hydrofluoric 
acid, the total hydrofluoric acid consump- 
tion amounted to about 8,800 tons, or 2% of 
total supply. 

Inorganic fluorides other than aluminum 
fluoride and cryolite are also produced from 
hydrofluoric acid, but are difficult to define 
in quantities and end uses because of the 
large number of individual salts and their 
relatively small volume. Sodium fluoride is 
the largest volume inorganic fluoride in this 
group. In the past it was used primarily in 
water fluoridation, steelmaking, wood pre- 
servatives, insecticides, fungicides, and flux- 
ing agents. Use for water fluoridation has 
declined in favor of lower cost silicofluo- 
rides. Sodium bifluoride is used in the 
electrotinning of steel and in laundry ap- 
plications. Boron trifluoride is used as a 
catalyst in the production of alkylated phe- 
nols, coumarone-indene resins, and petro- 
leum resins, and as an accelerator in epoxy 
hardeners. Fluoboric acid has applications 
in the electropolishing of aluminum, while 
stannous fluoride is well known as a decay 
preventive in toothpaste. 

Seven major companies - Allied Chemical 
Corp., Olin Corp., Essex Chemical Corp., 
Harshaw Chemical Co., Kawecki-Berylo In- 
dustries, Inc., Mallinckrodt, Inc., and Chem- 
tech Industries, Inc. - account for most of 
the inorganic fluoride production and in 
1976 probably consumed about 9,000 tons, 
or 2% of total hydrofluoric acid supply. 

Miscellaneous uses of hydrofluoric acid 
include the production of specialty metals, 
such as beryllium, columbium, tantalum, 
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and yttrium; etching and frosting of glass; 
and use in the electronics industry. These 
numerous end uses probably consumed half 
the balance of the 1976 supply of hydro- 
fluoric acid, about 54,000 tons; the remain- 
der went into inventory. 

In addition to the fluorspar consumed in 
the steel and hydrofluoric acid industries, 
some 35,636 tons of fluorspar was reported- 
ly used in the manufacture of glass, enamel, 
welding rod coatings, primary magnesium, 
iron and steel castings, and special ferroal- 
loys. These miscellaneous end uses repre- 
sented about 396 of the entire domestic 
fluorspar consumption in 1976. 

In summary, reported domestic fluorspar 
consumption amounted to 1,273,458 tons in 
1976, up only 296 from that of 1975. About 
half of the total consumption was acid- 
grade; the remainder was metallurgical- 
grade. Raw steel production accounted for 
48% of total fluorspar consumed; fluorocar- 
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bons and other fluorine compounds, 2296; 
and primary aluminum, 1696. The remain- 
ing, 1496, was used in stainless steel pick- 
ling, uranium enrichment, petroleum alkyl- . 
ation, primary magnesium and ferroalloy 
production, ceramics, welding rod coatings, 
etching and frosting of glass, and various 
other end use categories. 

Supplementing the domestic supply of 
fluorine was byproduct fluosilicic acid re- 
covered from wet-process phosphoric acid 
plants. In 1976, some 47,000 tons of fluosi- 
licic acid was shipped, 77% to producers of 
synthetic cryolite and aluminum fluoride, 
21% to manufacturers of other fluorine 
compounds, and the balance to water fluori- 
dation plants. 

At yearend, consumers' inventories com- 
prised 66,641 tons of acid-grade fluorspar, 
up 33% from 1975 inventories, and 211,142 
tons metallurgical-grade material, down 
22%. 


Table 4.—Reported domestic consumption of fluorspar in 1976, by end use and grade 


(Short tons) 
Containing Containing not 
End use or preduct an 97% more thant 9796 Total 
calcium fluoride calcium fluoride 
uoric mpi 2d ³ow - ER 631,284 — 631,284 
Gloss a cea i fiber glass ___________________ F 4,928 6,281 11,209 
and pottererdg¶ssssssz 453 880 833 
Welding rod coatings llc . W W W 
i aluminum and magnesium ........................... -......-... 836 W 836 
Other nonferrous metansnss W W W 
Iron and steel castinnßngs8ßẽ SA 14,751 14,761 
Open hearth furnaces ...................-------.-.-.-.---.-.-.---.-.-.-.---..- ΠΗ 92,7 192 
Basic oxygen furnaces ...........---.-.----------------------.-.--------.-- - 423, 498 423,498 
Electric furnaces |... -....-.-.-.-΄-.-..-.. s -.-.. -. -........ -. -.. -.. -.. 1,912 88,98 90,298 
Other uses or products ................-..-.-----------.-.-.-..-. -.-.-.-.-..-..-- 4,147 8, 7 
Total tr u Sk 960 690,498 1,279,458 
Stocks Dec. 31, 1976 __ . 66,641 211,142 189 
Stocks Dec. 31,1975 __—------------------------—- ,200 9,852 319,552 


W Withheld to avoid disclosing individual company confidential data; included with Other uses." 


PRICES 


Prices rose slightly at the beginning of 
the year but stabilized thereafter. Yearend 
quotations by the Engineering and Mining 
Journal are presented in table 5. Domestic 
metspar (metallurgical-grade fluorspar) bri- 
quets sold for $91 per ton, 3% over the 1975 
price. At the Mexican border, metspar 
prices gained 3% to 4% compared with 7% 
to 8% for acidspar (acid-grade fluorspar). 


The devaluation of the Mexican peso ap- 
peared to have no significant impact on 
prices, presumably because most contracts 
were drawn in terms of U.S. dollars. Eur- 
opean and South African acid-grade concen- 
trates suffered some price fluctuations, but 
averaged about 3% lower than the average 
price in 1975. 
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Table 5.— Prices of domestic and imported fluorspar 
(Dollars per short ton) 


Domestic, f.o.b. Illinois-Kentucky: 


Metallurgical: 70% effective CaF: briquets 5 


Ceramic, variable calcite and silica: 


88% to 90% CaP μμ ZZ su gunu a ls 


Mexican:2 
Metall 


10% effective CaF, f.o.b. vessel, Tampico — — _ _ -. _ _ 
10% effective CaFs, f.o.b. cars, Mexican border PUR 
Acid, bulk: 97% +, Mexican border 


. i. f. East Coast, Great Lakes and gulf ports. 
3U.S. import duty, insurance, and freight not included. 


oads 
88% effective briquets __ _ -.-- -- -.-..-- 
European and South African: Acid, term contracts 


1975 1976 

FFP 83-88 83-91 
TCC 90-100 90-100 
177 αν 95-106 95-106 
Rp e 100-115 100-115 
URDU ο σι κ 95-115 95-115 

ο ο ο κ οσον 105 111 
—— €— 0 95-107 102.50-105.00 
fames Xe ον σας 63.00-63.50 65.52 
3 E EE 60.50-61.00 62.92 
ff!!! ET 78.50-74.00 79.38 


Source: Engineering and Mining Journal, December 1975 and 1976. 


FOREIGN TRADE 


Fluorspar exports, principally to Canada, 
have always been an insignificant part of 
the U.S. trade balance. In 1976 some 4,900 
tons were reportedly shipped abroad (table 
6), Canada absorbing 8696 of the total vol- 
ume; prices were not certain. 

As domestic production has been inade- 
quate for domestic demand since the early 
fifties, the United States continues to rely 
heavily on foreign sources of fluorspar. 
From a record 1.34 million tons in 1974, 
U.S. imports fell to 1.05 million tons in 1975 
and further to 0.89 million tons in 1976 
(table 7), reflecting a steady decline in 
import reliance. About two-thirds of total 
imports in 1976 consisted of acid-grade 
fluorspar; the balance was metallurgical- 
grade material. The aggregate value was 
$64.88 million, not including duty, at ports 
of entry. Traditionally, Mexico has been the 
largest source of imported fluorspar, 
accounting for well over 7096 of all imports 
since the early sixties, but in 1976 its share 
of the U.S. market fell to about 61%, giving 
way to incursions of South African mate- 
rial. Presumably, most South African 
fluorspar, which represented 14% of total 
imports, entered the United States for cap- 
tive usage by a parent steel company. Other 
countries contributing significantly to U.S. 
imports included Spain (12%) and Italy 
(6%). 

Since 1972, imports of hydrofluoric acid 
have been steadily rising, from about 14,000 
tons to well over 85,000 tons in 1976 (table 
8). Until recently, Canada was the major 
supplier, accounting for over 90% of U.S. 
imports. The position changed somewhat in 


1975 when Mexico, in line with her new 
export policies, increased shipments almost 
sevenfold over those of 1974, thereby claim- 
ing a third of the U.S. market. Mexican 
shipments more than tripled in 1976, large- 
ly the result of the first full year of oper- 
ations of the Quimica Fluor plant at Mata- 
moros, establishing Mexico as the leading 
supplier of hydrofluoric acid to the United 
States. Despite its low volume, the total 
value of hydrofluoric acid imports amoun- 
ted to $41 million, almost comparable to 
that of the relatively high-volume fluorspar. 
Unlike fluorspar, hydrofluoric acid is not 
subject to import duty. 

Supplementing domestic supplies of cryo- 
lite, some 11,300 tons of the commodity, 
valued at $5.14 million, were imported in 
1976 (table 9). The principal foreign sup- 
pliers of cryolite, most of which was syn- 
thetic, were Japan, the People’s Republic of 
China, and Denmark, together accounting 
for 86% of total imports. 

The current tariffs on imported fluorspar, 
established in 1951, remained effective in 
1976, as follows: 


Tariff edes 
te ry 
Tariff Tsus —— rate 
class No. Per Per per 
long short long 
ton ton ton 
Fluorspar containing 
more than 97% CaF: . 52221 $2.10 $1.87 $5.60 
Fluorspar con 
less than 97% CaF4 __ 52224 840 7.50 840 
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Table 6.—U.S. exports of fluorspar 


Year and country (short Value 
| tons) 
1918 AA 2,428 $171,255 
JJ 5,847 315,852 
19755 ny deme Z 2 1,884 602 
1976: 
Argentina 32 14,045 
Brazil! 30 43,861 
Ls a E στ. 4,251 581,138 
1 Republic 260 36, 058 
UE 677... λαο κατ, 219 22,181 
Saudi Arabia 4 910 
South yore Republic of 41 7,120 
United Kingdom 22 54,240 
Venezuela 10 4,254 
lr! -----—- 4,923 763,151 
"Revised. 


Table 7.—U.S. imports for consumption of fluorspar, by country and customs district 


1975 1976 
ice . Value : Value 
Country and customs district que tity (thousands) μας (thousands) 
88 ni Cif e Cif 
CONTAINING MORE THAN 97% CALCIUM FLUORIDE 
Brazil: Philadelphia 10,676 $739 $906 -— Sa TM 
Laredo X TN $6 
France: 
Cleveland dd MS TE x 7,120 556 794 
Philadelphia 6,842 532 er τα ΕΝ 
Total A nn 6,842 532 681 7,120 556 134 
Italy: 
Qalveston ποπ ο μον 21.016 1,977 2,298 49,510 3,765 4,194 
New Orleans .. .......-- 7,798 582 675 ; 714 
Total. oo 94,814 2,559 2919 51,364 4,400 4,908 
Em 
CCC 11,618 604 782 15,056 656 918 
Houston _______________ ae os κίας 6,3 898 495 
Total uad eh 11,618 604 182 21,422 1,054 1,413 
El Paso 92,154 5,021 5,725 88,910 4.947 7,429 
pec PS μμ να 854,250 23,669 24,511 212,310 15,358 15,703 
New Orleans _____.______ men pe M ,994 999 872 
Philadelphia 13,238 712 758 NN ΚΞ "e 
Total ĩᷣ lm 459,642 29,402 30,994 305,554 20,644 23, 504 
Morocco: Philadelphia 5,824 474 502 PEE ΝΗ Me 
South a Republic of: 
ασ Mae μα 10,364 682 873 8,489 561 129 
JJ a ANS -- ΜΉΝ 4,814 283 866 
New Orleans 8,337 521 647 74,918 4,544 5,454 
Total. — o 8 18,701 1,209 1,520 88,281 5,394 6,543 
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Table 7.—U.S. imports for consumption of fluorspar, by country and customs district 


—Continued 
1916 1976 
Country and customs district ; Value ; Value 
ο... (thousands) RUBY (thousands) 
Customs Cif. ne” — Customs Cif. 


CONTAINING MORE THAN 97% CALCIUM FLUORIDE—Continued 


Cleveland 44,262 $3,582 $4,779 21,108 $1,511 $2,005 
Galveston 6,894 408 507 E τισὶ c 
Houston m n ἜΝ 28,505 2,157 8,014 
New Orleans .........--- TE ο EN 9,941 836 1,081 
Philadelphia. -.-... 75,821 4,913 5,212 16,854 1,407 1,611 
Total 126, 477 8,898 10,498 16,908 5,911 7,661 
Taiwan: Houston ado a ME ,943 515 520 
Thailand: New Orleans 17,548 856 1,186 27,945 1,880 1,771 
Tunisia: New Orleans 7,282 457 602 S = ae 
Grand total 699,419 45,130 50,644 591,214 89,810 47,060 
CONTAINING NOT MORE THAN 97% CALCIUM FLUORIDE 
Brazil: New Lokk I ls το 2 1 1 
Buffalo 11,880 650 710 dn MM EM 
611 PEA 5,009 890 471 48 4 2 
Total_______________ 16,889 1,040 1,181 48 4 
Mexico 
Baltimore 15,641 915 - TE sue 
"ng es 9,486 624 20,366 1,248 1,425 
Cleveland __ - 10,054 499 663 SEN -- αν 
Detrol!!! 9,980 492 688 s CE s 
El Paso ———— A 20,568 654 14,270 505 504 
Z c αν ο ο ος: 253,616 10,847 10,647 196,583 9,945 10,029 
New Orleans 611 582 E = E 
Philadelphia 6,172 305 313 7,986 729 868 
St. Albans ___ -- 56 E Ben ο 
San Francisco 56 1 1 es -- == 
Το c u οσο 834,190 14,289 15,073 239,205 12,427 12,826 
South Africa, Republic of: 
New Orlen ΜΉ S T 84,020 1,804 2,884 
S 
Baltimortteeeeeeeeeeeeee zu NN e 23, 830 1.894 2,007 
Philadelphia m "un e 7,440 651 
Total... L L ss - ἜΠΗ 80,770 2,534 2,658 
United Kingdom (3) (1) l S E EN 
Grand total $51,029 15,829 16,255 $04,040 16,770 17,821 
lLess than 1/2 unit. 
Table 8.—U. S. imports for consumption of 70% hydrofluoric acid 
1975 1976 
Quanti Value . Value - 
. i Mnt. (thousands) pri tae) (thousands) 
tons) Customs cir «σι Customs Cif. 
Canada 81,895 $13,950 $14,362 86,675 $17,041 $17,170 
Germany, Wet (3) 1 1 NN 2 ae 
Israel .......------------------- (3) 1 1 -- ο ἘΠ 
Japan .......... --.--------------- 221 94 188 105 49 63 
PO κα ο ιά. 19,186 6,142 6,145 48,612 23,712 23,724 
United Kingdom 831 149 165 78 83 43 
Total! 46,239 20,887 20,812 85,580 40,885 41,000 


1 Less than 1/2 unit. 
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Table 9.—U.S. imports for consumption of cryolite! 


Year and country 


Quanti V 
ot" (thousands) 
tons) Customs Cif. 

N 19,789 052 $5,911 
8 121,216 6,969 8,200 
556 1 9,058 10,555 
99 6 5 6 
bM MU 208 90 95 
3 3.012 1,231 1,442 
VV 1.962 802 928 
8 707 326 870 
RN QUE 332 143 171 
oM s 4,940 1,670 2,050 
ERAI E ον 55 25 99 
C 44 12 16 
. 1 à 2 
5 20 8 9 
. 43 17 20 
3 11,325 4,829 5,136 


Revised. 
10nly the material from Denmark is natural cryolite. All other is manufactured synthetic cryolite. 


Wess than 1/2 unit. 


WORLD REVIEW 


World production of fluorspar in 1976, 
table 10, estimated at 4.89 million tons, was 
down 3% from the 1975 level of 5.01 million 
tons. Mexico remained the leading produc- 
er, with 20% of the total output, followed by 
the U.S.S.R., 11%; France, 896; the People's 
Republic of China, 8%; Mongolia, 7%; 
Spain, 795; and the Republic of South Afri- 
ca, 7%. More than 60% of the total output, 
almost equally divided between acid-grade 
and metallurgical-grade fluorspar, probably 
entered the export markets in 1976 (as in 
1975, table 11), with the remainder consum- 
ed by captive markets in producer countries 
or else stockpiled for future demand. 

Producer inventories, built up in 1975 on 
account of worldwide industrial recession, 
remained virtually unchanged at yearend 
1976. Presumably, well over half a million 
tons of fluorspar existed in producer stock- 
piles, leading to an oversupply situation 
expected to prevail for the next few years. 
Depressed market conditions notwithstand- 
ing, plant expansions and exploration conti- 
nued in several countries in anticipation of 
improved demand by the early 1980's. 

World consumption of fluorspar in 1976, 


estimated at 4.57 million tons, rose 490 over 
the estimated consumption level of 4.41 
million tons in 1975, reflecting a recovery in 
the steel and aluminum industries. Envi- 
ronmental concerns over the possible dam- 
age of the ozone layer in the earth's strat- 
osphere by fluorocarbons continued to de- 
press the fluorocarbon industry. 

At yearend 1976, world fluorspar pro- 
duction capacity was estimated at 6.5 mil- 
lion tons, about 5496 of which was acidspar 
and the remainder metspar or other grades 
of fluorspar. This installed annual capacity 
was considered adequate to meet projected 
demands until the early 1980's after which 
time production facilities will have to 
expand with consumption. World reserves 
of fluorspar have been variously estimated 
at between 222 million tons and 360 million 
tons of ore containing a minimum of 2596 to 
85% CaF,. At current rates of extraction, it 
is anticipated that these reserves will be 
depleted within the next two decades. 
However, new technology and additional 
exploration, coupled with a more attractive 
price structure, are expected to enhance the 
reserve base in years to come. 
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WORLD PRODUCTION 


Argentina.—Output from Argentina, 
which attained a high of 80,000 tons in 1971, 
dropped in succeeding years to its present 
level of about 41,000 tons, and recovery is 
not anticipated in the near future. Practi- 
cally all output came from the operations of 
one company, the Sierra Grande Co., in the 
Province of Chubut and Rio Negro. 

Brazil.—Brazilian output has consistent- 
ly increased or else held firm since 1978, the 
first year of reported production, and pro- 
vides adequately for the country's develop- 
ing aluminum, steel, and chemical indus- 
tries. In line with the national policy of self- 
sufficiency, exports are under strict govern- 
ment control, although in recent years ship- 
ments have been made to the United States 
and Japan. Four companies, the largest of 
which was Mineracao Santa Catarina, 
accounted for all of Brazilian output, which 
amounted to about 71,000 tons in 1976. Most 
production came from the Crisciuma- 
Tubaro district in the State of Santa Catari- 
na. 

Canada.—Canadian fluorspar production 
continued to be inadequate to meet domes- 
tic needs. From a record 180,000 tons in 
1972, production fell considerably to 70,000 
tons in 1975, owing to a labor strike that 
began at midyear and continued into Feb- 
ruary 1976. The Aluminum Co. of Canada 
(Alcan), through a subsidiary, Newfound- 
land Fluorspar, Ltd., is the sole producer of 
fluorspar in the country. Production from 
Alcan’s mines near the village of St. Law- 
rence, Newfoundland, did not exceed 80,000 
tons in 1976, most of which was for captive 
usage at Alcan’s aluminum fluoride and 
synthetic cryolite plant at Arvida, Quebec. 
In the face of accelerating production costs 
and recurrent labor problems, previously 
announced plans for mine and mill expan- 
sion are not expected to materialize in the 
immediate future. Increasingly, Canada’s 
fluorspar requirements will continue to be 
met by low-cost supplies from Spain and 
Mexico. 

China, People’s Republic of.—Ranking 
among the world’s leading producers and 
exporters of fluorspar, China’s output in 
1976 probably reached 385,000 tons. In 
contrast to its substantial production, do- 
mestic consumption by the still-developing 
aluminum, steel, and chemical industries 
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has for years been rather modest. In 
consequence, a large surplus has always 
been available for export, primarily to 
Japan and the Soviet Union. China’s output 
consists essentially of metallurgical-grade 
fluorspar, in which form it is exported, but 
some acid-grade material is produced at the 
Taoling mine in Hunan Province, which has 
an annual capacity of some 80,000 tons. In 
July 1976 a small shipment, some 6,900 
tons, of acid-grade fluorspar was reported to 
have entered the United States on a trial 
basis; it is believed, however, that the ship- 
ment contained very high-grade lump mate- 
rial, and not flotation concentrates. 

France.—French production was derived 
mainly from deposits in the Massif Central, 
the Eastern Pyrénées, and the Var District 
of Provence. Two private corporations, 
Péchiney-Ugine-Kuhlmann (PUK) and Sté. 
de Concentration des Mineraux Fluorés (Co- 
mifluor), provided about 70% of French 
output, which totaled 391,000 tons in 1976. 
For some years now French production has 
been more than adequate for domestic 
needs, with the result that about one-third 
is usually exported, primarily to West Ger- 
many. 

Germany, West.—Mainly because of 
dwindling reserves, resulting in several 
mine closures, West German production has 
been steadily declining in recont years, 
from about 102,200 tons in 1972 to about 
74,200 tons in 1976. Currently, output is 
based largely on the operations of Fluss und 
Schwerspatwerke Pforzheim, GmbH and 
VAW Flusspat Chemie, A.G. in the Black 
Forest and Bavaria. 

Italy.—Italian production, almost entire- 
ly by two private corporations, Mineraria 
Silius, S. p. A.,, and Montecatini-Edison, 
S. p. A., is centered largely in the Brescia, 
Trento, Bolzano, and Bergamo areas of 
Northern Italy, and near Cagliari in Sardi- 
nia. Output from these areas is mainly acid- 
grade material, although some briquets 
have also been produced from flotation fines 
in recent years. Also in recent years, pro- 
duction has been steadily declining, from 
about 319,000 tons in 1970 to some 232,400 
tons in 1976. About one-third of total pro- 
duction is generally exported to the United 
States, West Germany, and other European 
countries. 

Kenya.—Of 24 mineral commodities pro- 
duced in Kenya, fluorspar remains the chief 
contributor to export earnings. Exports of 
fluorspar earned $4.5 million in 1976. The 
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Fluorspar Co. of Kenya, partly owned by 
International Minerals and Chemical Corp., 
continued as the sole producer, with oper- 
ations in the Kerio Valley of the Rift Valley 
Province. Largely as the result of the first 
full year of operations of the Fluorspar Co.'s 
new 165,000-ton-per-year flotation plant, 
Kenya became firmly established as the 
second largest producer on the African 
continent, with a total output of some 
82,700 tons in 1976, compared with 60,200 
tons in 1975. Development work continued 
on the extensive reserves of fluorspar, all of 
which occur as replacement bodies in lime- 
stone of the Mozambique crystalline base- 
ment. 

Mexico.—Although Mexican production 
in 1976 was 1890 less than in 1975, Mexico 
continued as the world's leading producer. 
Its output of 988,300 tons represented 2096 
of the world total. This sharp decline in 
production has been ascribed to a generally 
soft market as well as to declining U.S. 
import reliance on Mexican fluorspar. The 
erosion of Mexico's share of total U.S. im- 
ports, from 80% in 1974 to 61% in 1976, 
reflected a current trend for its traditional 
trading partners to seek alternative sources 
of cheap or captive material. To some ex- 
tent, loss of sales to the United States has 
been offset by new markets in Europe and 
by increased domestic consumption. The 
domestic market for acid-grade material 
expanded considerably as result of the first 
full year of operation of the Quimica Fluor, 
S.A., hydrofluoric acid plant, rated to have 
an annual consumption of 165,000 tons of 
fluorspar. Partly owned by Du Pont, a large 
fraction of Quimica Fluor’s hydrofluoric 
acid was presumably shipped to the United 
States for captive usage, thereby absorbing 
a significant portion of the lost export 
market for acidspar. 

Seven major producers with an annual 
capacity of about 1 million tons currently 
account for more than 80% of total pro- 
duction. For the most part, the fluorspar 
industry is Mexicanized (at least 51% Mexi- 
can ownership). Principal producing areas 
include the States of San Luis Potosi, Chi- 
huahua, Coahuila, and Guanajuato. Weak 
market conditions notwithstanding, several 
of the leading producers have planned ca- 
pacity expansions in coming years. In parti- 
cular, Industrias Pefioles S. A., is investing 
$10 million to raise output at its Rio Colora- 
do property from 110,000 tons to 300,000 
tons in 1977. 

Reportedly, a new flotation plant, with an 
initial feed capacity of 250 tons per day, 
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came onstream towards yearend 10 in Du- 
rango, Mexico. Using crude ore from depo- 
sits in the Coneto de Comonfort area, the 
plant is rated to produce about 60 tons of 
acid-grade concentrate per day. Although 
undisclosed, the operator of this new facility 
is thought to be Minerales Productos y 
Metallurgicos S.A., 49% owned by Seaforth 
Minerals Co. of Ohio. 

Previously a tax-exempt mineral com- 
modity, fluorspar was subjected to a 7.5% 
export duty by the Mexican Government in 
early November. At yearend, the export 
duty was lowered to 5% in view of a wor- 
sening market condition. 

Mongolia.—Mongolian production, most 
of which is traditionally exported to the 
U.S.S.R., probably topped 333,000 tons in 
1976 as a result of continued expansion. A 
significant portion of the output came from 
the Berh mine in Eastern Mongolia, whose 
capacity has doubled in the current 5-year 
plan period and is expected to undergo 
further expansions, according to the Mongo- 
lian Soviet Nonferrous Metals Association 
(Mongolsovtsvetmet). Current production 
from the Berh mine is estimated at 150,000 
annual tons, and this is expected to double 
in the near term. 

Morocco.—Morocco’s production evolved 
solely from one operator, Sté. Anonyme des 
Enterprises Minéres (Samine), an affiliate 
of PUK, whose fluorspar mine at El Ham- 
man, near Meknes, increased output to 
56,700 tons from 52,300 tons in 1975. 

South Africa, Republic of.—Among 
fluorspar producing countries on the Afri- 
can continent, the Republic of South Africa 
is by far the largest, with three major 
companies, all subsidiaries of multinational 
corporations, accounting for about 80% of 
South African output. Principal producing 
areas are in Northern and Western Trans- 
vaal. In its first full year of operation, 
Marico Fluorspar (Pty), Ltd., a wholly own- 
ed subsidiary of the United States Steel 
Corp., established itself as the major 
fluorspar producer in South Africa. On- 
stream at yearend 1975, the unit is designed 
to produce 130,000 tons of acid-grade and 
55,000 tons of metallurgical-grade fluorspar 
annually by 1977-78. All of Marico’s pro- 
duction is scheduled for export to the Uni- 
ted States and to captive consumers in 


101ndustrial Minerals. No. 111, December 1976, p. 64. 
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Western Europe. Largely on the strength of 
Marico's presence as a major new producer, 
South Africa's output topped 820,000 tons in 
1976, up a staggering 4496 from that of 1975. 
The most optimistic fluorspar reserve figure 
yet published by Góssling' places South 
African reserves at 116 million tons of ore 
averaging 26% CaF,, or some 86% of known 
world reserves. With domestic output cur- 
rently accounting for only 696 of world 
output, it seems likely that future exploit- 
ation of these vast reserves will ultimately 
make South Africa a world leader in 
fluorspar production. 

Spain.—Although Spanish output has 
been gradually declining in recent times, it 
still ranks fourth in world prominence. Two 
companies, Minerales y Productos Deriva- 
dos, S.A. (Minersa) and Fluoruros, S. A., 
accounted for about 85% of output, which 
totaled 324,700 tons in 1976. Principal pro- 
ducing areas are currently located near 
Aviles, Gerona, Almeria, Seville, and in the 
Asturias region of Northern Spain. Most of 
Spanish output is geared to export markets 
in Canada, West Germany, and the United 
States. Reportedly, some agglomerated 
material is also being made and marketed 
by Fluoruros. 

Thailand.—In general, Thailand’s fluor- 
spar industry is fragmented and production 
has declined sharply in recent years, owing 
to a poor export market. Two foreign-owned 
companies, Thai Fluorspar and Minerals 
Co., Ltd., and Universal Mining Co., are the 
major producers. The main producing areas 
are found in the northern Provinces of 
Lamphun, Chiangmi, Mae Hong Song, and 
Lampang, and in the southern Provinces of 
Petchburi, Kanchanaburi, and Ratburi. 

Mainly on account of severe sales re- 
ductions to Japan, production in Thailand 
fell from a record 471,000 tons in 1971 to 
190,700 tons in 1976. Japan's waning inte- 
rest in fluorspar, particularly the metallur- 
gical variety, was due to increased usage of 
dolomite as a substitute flux in its steel 
industry. Further declines in fluorspar con- 
sumption are anticipated in 1977, and sever- 
al Japanese steelmakers are understood to 
be negotiating with Thai, Kenyan, and 
Chinese suppliers for a reduction of total 
shipments by as much as 20%. Meanwhile, 
exports to the U.S.S.R. are reportedly also 
on the wane because Thai exporters are 
unable to accept barter payments in machi- 
nery and earthmoving equipment as propos- 
ed by Soviet trading agencies. As a result of 
this development, no fluorspar sales were 
made to the U.S.S.R. in the first 6 months of 
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1976. The outlook for a recovery in Thai 
production of metallurgicalfluorspar there- 
fore appears bleak in the short term, in 
view of current technological trends in the 
Japanese steel industry and unfavorable 
Soviet trade policies. In contrast, acid-grade 
fluorspar output from the country’s sole 
flotation plant, operated by Thai Fluorspar 
and Mining Co., Ltd., an affiliate of Kaiser 
Cement and Gypsum Corp., continued to 
rise, possibly attaining a record 80,000 tons 
in 1976. Part of Thai Fluorspar’s output was 
shipped to the United States, and it is 
believed that new markets are being sought 
in Europe and the Middle East for the 
balance of its production. 

At yearend, some 2,700 workers were 
operating 30 mines, compared with 5,200 
workers and 80 mines 2 years previously, 
indicating clearly a disruption of an already 
fragmented industry structure. 

Tunisia.—Tunisia’s output from its sole 
producer, Sté. Tunisienne d’Expansion Mi- 
niére (Sotemi), near Zaghouan, south of 
Tunis, amounted to 38,000 tons in 1976, 
compared with some 37,400 tons in 1975. In 
years past, most of Tunisian production was 
exported, but with the coming onstream of 
the Industries Chimiques du Fluor (ICF) 
aluminum fluoride plant at Gabes in 1976, a 
significant portion of domestic output will 
be consumed locally. Reportedly, a contract 
has been drawn by ICF and Sotemi for the 
supply of 34,000 tons of fluorspar per year. 

United Kingdom.—Among fluorspar pro- 
ducers in the United Kingdom, Laporte 
Industries Ltd. is by far the largest, with 
mining and milling facilities near Stoney 
Middleton in Derbyshire. With the closing 
of the C. E. Giulini, Ltd. operations in 
Derbyshire in August 1975, annual pro- 
duction capacity in the United Kingdom 
declined by about 120,000 tons, or 29%. 
Further complicating the industry was the 
threat that Laporte’s fluorspar and fluorine 
chemical operations could run into severe 
difficulties by 1977 through lack of waste 
disposal facilities at the Cavendish mill. A 
proposed new dam for tailings containment 
in the Peak District National Park was 
turned down by the Peak Park Planning 
Board in 1975. In May 1976 the United 
Kingdom Environment Secretary reversed 
the Board’s ruling for reasons of public 
interest and national economy, and allowed 
Laporte to proceed with its project. 


— H, H. An Updated Summary of the World's 

ustry, 1975. National Institute for Metal- 

ἴων Ὥς (Johannesburg), Rept. No. 1814, Mar. 9, 1976, 
pP 
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Meanwhile, negotiations went underway 
between Imperial Chemical Industries (ICI) 
Ltd., the parent company of Weardale Lead 
Co., and Swiss Aluminium Mining (United 
Kingdom), Ltd., the subsidiary of the Alu- 
suisse group of Zurich, over possible collab- 
oration in fluorspar mining and processing. 
A fluorspar reserve of some 800,000 tons in 
the Greenclough Vein in the Rookhope 
Valley has recently been acknowledged by 
Weardale Lead, which currently operates a 
heavy-medium and flotation plant at Rook- 
hope using feed from its nearby Red Burn 
mine. Swiss Aluminium, on the other hand, 
is not yet a producer but has holdings in, 
and plans to redevelop, a number of old 
fluorspar mines in Durham to supply a new 
flotation plant to be constructed at Broad- 
wood Quarry near Fosterly. An initial pro- 
duction capacity of 50,000 tons per year has 
been planned for the flotation plant at 
Broadwood Quarry, with the possibility of 
expanding to 175,000 at a later date. 

In another industry development, British 
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Steel Corp. has received planning permis- 
sion for the construction of a fluorspar 
beneficiation plant at West Blackdene in 
Weardale, Durham. 

Total fluorspar production in the United 
Kingdom amounted to some 260,000 tons in 
1976, compared with 254,400 tons in 1976. 
Production is expected to increase by 
mid-1978 when Giulini’s operations in 
Derbyshire are resumed by new owners. 

U.S.S.R.—Despite efforts at self-suffi- 
ciency, fluorspar output from the Soviet 
Union remained below domestic require- 
ments. Total production from the Mar- 
itime Kray, Transbaykal, Uzbekistan, and 
Kazakhstan areas is estimated at 540,000 
tons, up 4% from 1975, owing to continued 
expansions in those areas. An additional 
500,000 tons were probably imported from 
Mongolia, the People’s Republic of China, 
Japan, and Thailand. To enhance the re- 
serve base, exploration continued at the 
Suppatash, Kengutan, and Shabres deposits 
throughout 1976. 


568 MINERALS YEARBOOK, 1976 


Table 10.—Fluorspar: World production, by country 


(Short tons) 
Country! and grade? 1974 1975 19765 
North America: 
Canada,acidgrade?? .. PF 175,000 10,000 80,000 
Mexico: 
πως ποσα σκοπο. 6001 968 720,128 NA 
Metallurgical grade ___ -- ------------------------—- 4585, 881 480,085 NA 
öõÄÜÜêBOE0i ↄ ⁵ðĩ2iidꝓꝶßß ² ⁰⁰AAAAAaA 8 538,692 "m =: 
επιμ ͥ ͥ ͥ ͥͥ —— ß ee 1,226,041 1,200,218 988,259 
United States (shipments): 
Acid )( Pa ποσα μον πινω 77,093 56,944 116,300 
Metallurgical grade wd „„ 124,023 82,969 71,970 
Tot p ος ο ue Lee SE ADU dA z 201,116 139,913 188,210 
South America 
tina: 
Acid grade? ο ο S ])l ώρα P ĩ ως me 18,450 12,566 12,000 
Metallurgical grad 31,383 29,321 28,700 
Total p p p a So ον 44,833 41,887 40,700 
Brazil, e unspecified:? 6 
Direct shipping ore (sales) |... „„ 1, 67 NA 
Beneficiated product (output: - -...---.----- -...-.- -.-.-. - -. -.-. 67,848 70,459 NA 
αν ο τα ͥ ³o·-τn- a O ras 769.403 10,526 ©71,000 
Uruguay, grade unspecified. — — - - - - - U „ 238 12 55 
Europe 
Czechoslovakia:3 
Acdgrade" ³o¹ mq ⁊ĩ ] AA 50,000 50,000 50,000 
Metallurgical grad „„ 50,000 50,000 50,000 
JJ ⁵ĩð! ⁰⁰ iE 100, 000 100, 000 100,000 
France: 
Acid and ceramic grade? „„ "213,000 7194, 000 212, 000 
Metallurgical grade? „„ 7252,000 1157, 000 179,000 
Total a z: A ³¹¹A ³o wr y Lern s 7465, 000 1351, 000 391, 000 
Germany, East: 
77 ͥͥͤ—́1i : %o». kk K ee ife 25,000 25,000 25,000 
Metallurgical grade? _ _ _ „„ 15,000 15,000 15,000 
JJ ùã ] ⁰³¹ ·ͤ ͥͥ ποσα. 100,000 100,000 100,000 
Germany, West (marketable):* 
i )/))üũũ 8 73,531 74,051 66,796 
Metallurgical grade 8,170 8,228 7,428 
Το | ος τς ου ο a =s 81,701 182,279 74,224 
Greece, grade unspecified — - - - - LLL - --- --—-- —- ——— €1,100 1,102 *1,100 
Italy: 
e lnc cue Lut EM s P ILU UL E 244,222 221,280 207,190 
Metallurgical grade 29,692 21,633 25,190 
Toal σα κο a MC eee E LCD eee 218,914 254,913 232,380 
Romania, metallurgical grades??? 17,000 17,000 17,000 
„ ο μου ντ r278,477 278,667 244,687 
Metallurgical grade ______________-~--_---~-~-~-------- 118,988 90,457 *80,000 
μι. πμ NC ας ee ae ee "397,465 369,124 324,687 
Sweden:* 
J17J;::!;?[ti ⁰ νυν 2.470 2.065 e 
Metallurgical grade _________-__ ~~~ ~~ c2 22 Llc -. -. 2,021 1,689 1,700 
Toal Se ee a eee eee Re eee ce TE uo sss 4,491 8,754 *3,900 
U.S.S.R.:3 
AcilgrBde o nw. AAA i 2 240,000 250,000 260,000 
Metallurgical grade? _______________________________ 1250, 000 270, 000 N 
Total coge aoc Li tn M ⅛³⅛5w 8 1490, 000 1520, 000 540, 000 


See footnotes at end of table. 
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Table 10.—Fluorspar: World production, by country —Continued 


(Short tons) 
Country! and grade? 1974 1915 19165 
Europe: —Continued 
United Kingdom:* 
Acid grade... v . 136,700 140,000 NA 
ical and ceramic grade 89,700 36,000 NA 
Unspecifigl p pp ̃ p p 80,500 78, 400 NA 
Tol. ue ucc co eee i κοσμος: 7256, 900 254,400 260,000 
Africa: 
νόον SS ESS "RE 2255 
nya, metallurgical graddddd 
d Ied... tu UIS ο σώοι LO E ντος: 20,999 52,218 56,114 
Rhodesia, Southern, metallurgical grade? 3  ........ 200 200 220 
South Africa, Republic of: 
eie ⁵ðÜ οσα μοι 213,369 189,895 232,449 
) ee a ee ees 5,499 11,847 43,543 
Metallurgical graddPuOez „ 10,338 067 44,469 
Toal- e c cnn ͥ ͥ§ ³¹Ü¾ͥwꝙw M LUN. 223,809 820,461 
Tunisia, acid grade... LLL „„ „„ 31,215 37 387 | 
Zambia ----------------------------------------- 507 r 110 3 
Burma, metallurgical grade „„ 220 E n 
China, People’s Republic of, metallurgical grade?) 330,000 385,000 885,000 
India: 
Acid Me e c LA uc sto fu E i RN AE 5,196 5,469 NA 
Metallurgical grade ______-_____._____~__ „ ,608 5,794 NA 
r ̃⁰Ü·AA ³ĩ˙—¹AAAAAd ͥũ m x 11,804 11,263 11,000 
Korea, North, metallurgical gradeã _ ...  ........... ™33,000 733,000 $3,000 
Korea, Republic of, metallurgical grade 86,855 81,191 
Mongolia, metallurgical it: 8 215,000 7933,000 *333,000 
Pakistan, grade unspecified. __ . - -c- της 12 11 
Thailand: 
Acid grado" oss Dnm ee oe e E Ls 60,580 76,631 49,490 
Metallurgical grade „ 815,623 192,814 141,183 
Total ο ο « ... 436,203 269,445 190,678 
Turkey, metallurgical sas rt at eee A eae *2,200 1,549 *1,700 
ia: Australia, grade unspecified |... „ 262 (11) PN 
Grandtotal___ αμ μμ 75355079 5015422 4.888.784 


*Estimate. Preliminary. "Revised. NA Not available. 

1In addition to the countries listed, Bulgaria is believed to have produced fluorspar, but production is not officially 
reported and available information is inadequate for the formulation of reliable output level estimates. 

An effort has been made to subdivide production of all countries by grade (acid, ceramic, and/or metallurgical). 
Where the subdivision is available in offical reports of the subject country, the data have been entered without qualifying 
notes; where a secondary source has been used to subdivide production by grade, the source of the information for this 
subdivision has been identified by footnote. Where no basis for subdivision is available, the country entry has been 
identified with the notation "grade ified.” 

*Information on grade obtained from Bundesanstalt Für Bodenforschung Hannover and Deutsches Institut Für 
Me e ung Berlin. Untersuchungen über Angebot und Nachfrage Mineralischer Rohstoffe IV. Flusspat, 

p. 39. 

4 


Figures represent the difference between 5 exports (divided by grade) and total production (re without 
5 by grade), and presumably are domestic consumption plus or minus changes in stocks of both acid and 
metallurgi e. ; 

“Data for Brazil exclude some crude ore mined, but neither sold as direct-shi ipping ore nor beneficiated during year 

ed. Total crude ore production follows in short tons: 1974—116,705, 1975—120,846, 1976—NA. Of this output, crude 
ore beneficiated totaled as follows in short tons: 1914-- 91,044, 1975—120,532, 1976—NA; producers’ initial stocks (as of 
January 1) totaled as follows in short tons: 1974—3,167, 1975—"10,777, 1976—NA; producers’ yearend stocks totaled as 
follows in short tons: 1974—11,704, 1975—10,524, 1976—NA; and transfers totaled as follows in short tons: 1974— 9,568, 
1975—zero, 1976—NA. The acid-grade fluorspar reported in last year’s chapter has been eliminated since no information 
is available on output. 

i reported represent marketable production (the summation of direct-shipping ore and finished concentrates). 
Total run-of-mine uction 1 ore plus ore destined for concentration) follows in short tons: 1974— 761,000, 
1975—805, 000, 1976—744,000. Much of material requires beneficiation before it becomes a salable product. 

Includes materials recovered from lead-zinc mine dumps. 

i resented are the calculated salable acid-grade fluorspar equivalent of officially reported actual mine 
production of flotation plant feedstock reported in Thai sources as “low grade ore," which were as follows in short tons: 
1974—"96,927, 1975—122,611, 1976— 79,184. In 1976, flotation plant output reportedly reached a record high, apparently 
as a result of the processing of material mined previously but not processed when mined. 

19Fj presented are officially reported mine production of high-grade ore. 

11 Estimate revised to zero. 
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Table 11.—Fluorspar: World trade! by source and destination, 1975 
(Short tons) 
Destination 
Source Aus Aus- 3 Ca- Ger- Nether- 
tralia? nada France many, Italy Japan lands 
Argentina _________ m OE == -— - =Z ae == ο 
μας <2 = ax E <= = M Ὁ 
ium- i AUN n XX i ΕΝ EN κε =m (5 
F = e a — — ο T MEM. 
China, People's 
Republic f 8,066 εις = M 210: > — 116,278 (9) 
France ___ _ Ke 441 4,489 d XX 79,009 14,520 e 463 
Germany, East -. 8896 2,111 ΜῊ e nc uM κος ($) 
Germany, Wett -— 6,016 2,193 τοῖς. 1 ΧΧ 57 δε 685 
Italy nc =e 881 SR 10,206 3,194 21,284 vem ΕΝ 
Japan .........--..-------.... Lx s E ae πα E es XX NS 
111 ΜΗ s om ae, = a -. 17,060 s 
North ....... "o E == . S PM M 1,002 κε 
Korea, Republic of ἜΝ = E sins 2 ENS — 12,052 -- 
Mexico __________ - NE E πα 103,655 ore 1,109 19,058 NS πα 
Mongolia e S ore, AA e ο ἘΦ NM dd 
Morocco ES. E ENS -— 11,540 n" == HE eps 
Mozambique ________ s nen: TR "o dh 5,971 er IN ET 
Netherlands = MS T EN KM t ME = XX 
South Afri 
Republic off 16,941 T - NE — 6159 __ 18928 (9 
Spann a 8 ms 51,847 _. 63,720 A eus 56,180 
Sweden δα Μα m e A uM = = (9 
Switzerland? ________ = 250 i: ae ΝΡ TEN ΜΙ Te ($) 
Thailand _________- 8,512 ER MER nM d z — 168,064 51,102 
Tunisia TEN ΠΝ a mne a κο 6,121 MT ($) 
Turkey EM E ü un -.. 1,009 o ΝΗ ($) 
United Kingdom 240 La Es 8,118 946 22,897 Lia 202 (9 
United States MN = -- 22,113 — s tic MS κ 
and other 1 30 639 NUN 191 — 80,547 ore 4,939 16,689 
Total --------- — 25780. 16,020 1008; 191,039 17,785 287805 89,756 399588 _ 25,119 
Total 
Destination repe Total 
re- 
Nor- Po- Swe- United Y listed corded 
way land den U.S.S.R. States daria Other* coun- exports 
tries 
Argentina ou ae m ($) πε t 2,209 2,209 2,242 
Austria? |... _ ov oF ($) ee 56 = 56 "E 
Belgium-Luxembourg! .. PO EX m (9 um EN -- E 878 
Brazil .. .... = S Μο () 10,676 a -- 16,789 12,208 
Canada ___________ D m "x ( 16399 es -— 16,889 16, 850 
China, People's 
Republic ff 561 21,464 3,793 61.076 e — 518 211,756 220,000 
Francſe Tr ἜΜ 7,918 (9) 6,842 499 901 115,082 120,528 
Germany, Eat 7,058 23,223 2,364 ($) EK 4,016 541 204 50,000 
Germany, Wet 5,221 a 68 ($) Ξ 2,921 6,059 25, 084 23, 066 
CTC ο uu Se PEN 50 12,880 — 34,814 66 2,678 91,059 93,053 
Japan? ___________ ad = = κ. ae = 1,723 1,723 t 
Kenya m EP -— 11,618 ss - 28,678 754, 193 
Korea, North _._____ __ 4,195 κ. (9 P m ΤΊ 5,874 «6,000 
Korea, Republic off ἘΝ PME E (4) NM σα 4,854 16,406 11,828 
— πο κανω €" — = 332,687 193,832 ο 169 bs AS 000 
Morocco Ε΄ ΜΗΝ MUS ($) 5,824 ΚΝ ΜΡ 11,864 
Morambi que s xe .. ($) AN s me 5,971 E 
Netherland? ae s M ($) ED ae 28 28 972 
South Africa, | 
Republic ff S5 = 123 (9 18,701 zm -- 121,452 139, 502 
Spann 10,979 "e Da (9 126,477 πα 2757 262,060 247,250 
Sweden 76 TN XX ($) P um 28 104 420 
Switzerland? ________ Επ m ae ($) zia 248 4,467 4,965 7419 


See footnotes at end of table. 
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Table 11.—Fluorspar: World trade! by source and destination, 1975 —Continued 


(Short tons) 
Total 
Destination receipts Total 
Source Nor- Po Swe United Yugo- M Ao 
Way land den U.S.S.R. States slavia Other coun exports 
tries 
Thailand __________ αι. e NS 64,462 17,548 —— 11,504 266,187 233,358 
Tunisia .. ES PES (4) 7,282 ει s 19405 713,283 
Turkey F C m TUR (9 d .- PM 1,009 ENS 
United Kingdom 27,015 "p 401 (9 eT 110 2,362 56,791 “90,000 
United States m ΜΗ 3 33,747 XX πάς 776 57,236 1,855 
Unspecified 
and other ________ 8 265 6 40,068 — ANE 14 143,389 NA 
Total 50,905 49,747 14, 723 544,420 1,050,448 7,316 41,165 2,780,178 2,626,096 
*Estimate. XX Not applicable. 
1Compiled from official import data of listed countries of destination except where otherwise speci by footnote; 
figures in total receipts by listed countries column are simply summations of repo imports for all listed destinations, 


in contrast to figures in total recorded 1 column which are either (1) actual reported exports of listed source 


countries or (2) estimates of total exports. 


erences between these two columns are attributed to (1) time lag between 


date of shipment and date of receipt, (2) concealment policies of some countries, and (3) reshipment of material by 
intermediate countries which may be credited as the origin in the trade returns of the final destination countries. 


Amports for year beginning July 1, 1974. 


3No recorded production of fluorspar; exports are generally derived from imported materials. 

*A substantial part of total imports are not distributed by destination; such undistributed imports may have originated 
in any country carrying the footnote and/or in other nations not specifically listed in the first column of this table. 

SOfficial import statistics show no receipts from this country, but do include a substantial quantity of material from 


undisclosed sources. Figure entered h 


ere represents reported export of source count 


to this destination. (An equal 


amount has been substracted from the destination country's reported import from undisclosed sources). 

Data compiled from official import statistics of 10 nations and export statistics of 6 significant producing nations, the 
latter to determine apparent imports for 18 other countries for which official fluorspar import figures are not available. 
Nations reporting impor and total recorded imports for each are as follows in short tons: Denmark—3,179; Finland— 
4,834; India—4,636; the Republic of Korea—7,420; Mexico—less than 1/2 unit; Spain—10; Taiwan—8,745; Thailand—14; 


Turkey—176; and Venezuela —520. Nations for which appare 
y— 


are as follows in short tons: West Germany—6,059; I 
2,151; and Thailand—11,504 


nt imports have been derived and apparent imports for each 
2,678; the Republic of Korea—4,354; Mexico—169; Spain— 


"Figure includes fluorspar as well as any feldspar, nepheline, and/or nepheline syenite exported. 
*Excludes trade between the Netherlands and Belgium-Luxembourg. 


WORLD CONSUMPTION 


World consumption of fluorspar in the 
aluminum and steel industries can general- 
ly be estimated with some degree of accura- 
cy, but consumption in other end uses, 
notably fluorocarbons, is more difficult to 
estimate owing to scarcity of data. 

As in the United States, consumption of 
fluorspar in the steel industries around the 
world varies according to furnace types and 
among individual furnaces. On the average, 
it is estimated that open hearth furnaces 
account for about 4.0 pounds of fluorspar 
per ton of crude steel; basic oxygen fur- 
naces, 11.4 pounds per ton; and electric 
furnaces, 8.9 pounds per ton. While figures 
are not yet available for the division of steel 
production by process in 1976, it would 
appear from the International Iron and 
Steel Institute data for 1974 that 62% of 
total output from 24 reporting countries 
came from basic oxygen furnaces, 19% from 
electric furnaces, 16% from open hearth 


furnaces, and the balance from other types 
of furnaces. Thus, with the exception of the 
United States and Japan, free world con- 
sumption of fluorspar is estimated at 8.5 
pounds per ton of raw steel on the average. 
In the United States an average consump- 
tion of 9.5 pounds per ton was reported. 
Japanese consumption, on the other hand, 
has continually been on the decline, owing 
largely to improved smelter technology and 
the use of substitute fluxes, particularly 
dolomite. It is probable that overall con- 
sumption in Japanese steel furnaces is 
about 4.0 pounds per ton, and it may be 
as low as 2.0 pounds per ton in 1977. In 
contrast, 65% of crude steel output from 
central economy countries is believed to 
evolve from open-hearth furnaces, 2496 
from basic oxygen furnaces, 10% from 
electric furnaces, and the remainder from 
other types of furnaces. Thus, it appears 
likely that fluorspar consumption in the 
Steel industries of these countries may aver- 
age about 6.6 pounds per ton of crude steel. 
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Estimated fluorspar consumption in the 
steel] industries worldwide amounted to 2.73 
million tons in 1976, compared with 2.56 
million tons in 1975, (table 12), reflecting a 
general recovery in steel production. The 
United States and the U.S.S.R. continued as 
major consumers, accounting for 22% and 
19%, respectively, of total consumption in 
this end use, followed by Japan (9%) and 
West Germany (7%). 

The next major end use of fluorspar, 
particularly the acid-grade variety, is in the 
aluminum industry. In most countries, it is 
assumed that fluorspar is first converted 
into hydrofluoric acid, and subsequently 
into aluminum fluoride and synthetic cryo- 
lite. Based on current estimates, aluminum 
potlines around the world consume an aver- 
age of 130 pounds of fluorspar per ton of 
primary aluminum produced. 

Fluorspar consumption in the aluminum 
smelters worldwide is estimated at some 
880,700 tons in 1976, up 3% from an esti- 
mated 854,300 tons in 1975, (table 13). As in 
the case of steel, major consuming countries 
were the United States and the U.S. S. R., 
accounting for 30% and 13%, respectively, 
of the total consumed in this category, 
followed by Japan (7%) and West Germany 
(6%). 

Fluorspar consumption in fluorocarbon 
manufacture and other end use categories, 
while representing a significant portion of 
overall consumption, is not susceptible to 
close accounting owing to scarcity of data. It 
is generally believed, however, that the 
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United States produces about half the 
world’s supply of fluorocarbons and pos- 
sesses half the world’s installed uranium- 
enrichment capacity. These generalizations 
provide the basis for the estimates shown in 
table 14. Fluorocarbon production dropped 
slightly in 1976, and recovery is not antici- 
pated in coming years in the face of envi- 
ronmental concerns over its usage. Conse- 
quently, acidspar demand in this end use is 
expected to exhibit a downturn in the short 
run, pending unfavorable legislation on 
fluorocarbon usage. On the other hand, 
fluorspar requirements in uranium enrich- 
ment are expected to expand by as much as 
15% as nations develop alternative sources 
of nuclear energy to supplement energy 
from petroleum. Estimates of fluorspar con- 
sumption in petroleum alkylation, stainless 
Steel pickling, glass and enamels, foundries, 
and miscellaneous other end uses are edu- 
cated guesses and should be interpreted 
with caution. 

Overall, world consumption of fluorspar 
in all categories is estimated at 4.57 million 
tons in 1976, compared with 4.41 million 
tons in 1975, reflecting a general recovery 
in the aluminum and steel industries. Steel 
production accounted for 60% of total con- 
sumption, followed by aluminum pro- 
duction (19%) and fluorocarbons (15%). 
Uranium enrichment, petroleum alkyl- 
ation, stainless steel pickling, glass and 
enamels, foundries, and miscellaneous 
other end use categories accounted for the 
remaining 6% of total consumption. 
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Table 12.—Estimated world production of crude steel and fluorspar consumption 
Steel production Fluorspar consumption 
° (thousand short tons) (short tons) 
1975 1976 1975 1976 
North America: 
a samana masana 14,357 14,480 61,017 61,540 
United States 116,642 128,000 519,630 606,578 
Latin America: 
h ec ee 2,500 2,657 10,625 11,292 
Bral lc. . δεις 9,158 10,135 38,921 43,074 
§ö%à4 8 5,812 840 24,101 24,820 
νοποσμεὶα. ....................-...........-............... 1,185 1,088 5,036 4,390 
Others?! ` o o on ⁰³⁰ ee 8 1,716 1,617 7,293 6,872 
Western Europe 
Austria Ln πο σσ a 4, 4,985 19,057 20,974 
Belgium J a Pers a t A OID 12,773 13,392 ,285 56,916 
i ^ MEALS MEN 1,784 1,812 7,582 7,101 
Fron . — unu e LLL 23,133 25,596 100,865 108,783 
Germany, West |... L2 LLL 222222 c 2222222 44,550 46,154 189,337 198,704 
fal | o els un cunc Dei ean E 24,010 845 102,297 109,841 
Luxembourg 5,098 5,033 21,666 21,890 
Netherlands 5,289 5,701 22, 478 24,229 
Norway ο d eL C E 1,000 990 ,250 4,207 
cl MMC NH x 12,253 12,024 52,075 51,102 
Sweden 5 A et 6,186 ,666 ,290 ,080 
United Kingdom n 22,264 24,552 94,622 104,846 
Mr 2,132 2,852 11,611 12,121 
ca: 
South Africa, Republic oon 1,163 7,801 30,443 33,180 
Others? —— S fm 1,212 1,351 5,151 5,142 
Australia and Asia: 
Australia __--—-—-------------------—-—— 8,645 8,569 36,741 36,418 
σι αν ων μοι ͤ a A AT 7,801 10,429 83,180 44,8323 
77 c Locum LL ur eee Li 112,780 118,387 ; 236,774 
Korea, Republic oeůe· —- ------------------—- 2,215 2914 9414 2, 
Key MM hs ee en eS 607 1,601 6,830 6,804 
Others __________________________ llc 2,804 2,999 11,917 12,746 
Total, market economy countries 461,819 493,031 1,782,874 1,891,586 
Central economy countries: 
B Tire Ea See ZE πο A uum s 2,497 2,712 8,240 8,950 
China, People’s Republic off 32,000 30,000 105,600 99,000 
J. 22 BRUN eS ͤ K en ree as 15,789 16,196 52,104 53,447 
%%öÜöÜ;—' 8 7,135 7,430 23, 545 24,519 
Hungary πμ a wR- Kk 4,049 4,026 13,362 3,286 
Korea, North -——----—----------------——— 3,200 3,300 10,560 10,890 
Poland cay h 8 16,542 17,240 54,589 56,892 
))öõͥõͥͤͥ y A AR 10, 526 11.905 34, 736 89,286 
USSR llle απ aon i ee 155,784 159,620 514,087 526,146 
Yugoslavia . λες melee: 8,215 0 609 
Total, central economy countries __ s 250, 737 255, 461 827, 432 843,022 
Grand total __-_________________ Le 712,556 748,492 2,560,806 2,194,608 


1Includes Cuba, Chile, Colombia, El Salvador, Peru, and Uruguay. 
*Includes Denmark, Greece, Ireland, Portugal, and Switzerland. 


Includes Algeria, Egypt, Morocco, Southern Rhodesia, Tunisia, and Uganda. 


“Includes Bangladesh, Burma, Hong Kong, Iran, Indonesia, Israel, Lebanon, Malaysia, Philippines, Singapore, Taiwan, 


Thailand, and New Zealand. 
Source of data on steel: U.S. Bureau of Mines. 
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Table 13.—Estimated world production of primary aluminum and fluorspar consumption 


Aluminum i Fluo consumption 
(thousand short tons) short tons) 
1975 1976 1975 1976 
North America: 
CONSGR onc oe 690 63,570 44,850 
5 J)%)%ß%%FöÖöGͥõͥõͤͥͤõõĩ·Ü5tC 3,879 4,251 238, 558 261,800 
Argentinaaka˖ee .. 26 50 1,690 8,250 
Brig p 5 ˙ AAG ee eS, 184 149 8,710 9,685 
México 2-2 ooo 8 44 41 2,860 8,055 
namo. ce ͤ ES LLL A E 49 51 8,185 8,815 
Ψοηοειοὶβ.................-.-.-.--.- ---.----.-.-. -. -. -. 64 55 4,160 8,515 
Western Europe 
AUSCFR — % DeL uL sa San eee) 98 98 6,370 6,370 
rr... 422 424 21,430 21,560 
Ai. ERRARE y RM RR SS 747 768 48,556 49,920 
Greece ——— ee See ee ee ͤ ͤ ͤ oe e 149 148 9,685 9,620 
J αλλ ο SRM NAR UN FEM ON 68 72 4,420 4,680 
)J ων 8 210 228 13, 650 14,820 
N τοι μισώ πα μι 288 282 18,720 18,880 
. 3 „ „ fe 
ooi] MARTEN HT DLE EE 
Sweden: 8⁵ 90 525 5,850 
Switzerland 87 86 5, 655 5,590 
United Kingdom ...............-.-.-----.---.-.-.-.-.-.-..-.. 840 369 22,100 23,985 
Africa: 
Cameroons ———--------------------—--——— 57 63 8,705 8,965 
2222 DTE 2 61 1 8,965 
CM NOR uo (... EMEN 158 162 10210 10,530 
South c ica, Republie )))); a awa s es 86 5, 5,590 
Australia and 
A... PTT CN sss 236 256 15,340 16,640 
Bahfélh--. oe er ee meee 128 195 8,320. 8, 
1; τν απο RC. 184 234 11,960 15,210 
;öÄÜ o ⁊ð—ͤg dy ee y 3,640 2,210 
Ph T u το ]? ¼ůꝗ0 — . r...... md es 1,117 1,013 12,605 65,845 
Korea, Republic eo 1,300 
ew Zealand __________~______ ek 120 154 7,800 10,010 
ο coi Ku m ::!!! pus 8 28 2,015 8 
1177 ³ yd 8 18 39 1,170 2,585 
Total, market economy countries 10,769 11,048 686,418 703,475 
Centrals People' Republic of 180 220 11,700 14,800 
8 IVOpUupDiC GF JU ------------------ ------- --------- , , 
J. 8 48 55 ,120 3,575 
Hu eG 71 78 5005 5,070 
ff.. ence Ease ees : ; 
Poland u LD ¼ iu 113 110 7,845 7,150 
πρ roa nanc doe a een 220 14,625 14 
USSR z; .... LS Zm lma Z ER 1,690 1,760 09,850 114,400 
e,, . e Le 185 218 12,025 14,170 
Total, central economy countries 2,583 2,726 167,895 177,190 
Grand total!! 13,352 13,774 854,313 880,665 


Source of data on aluminum: U.S. Bureau of Mines. 


Table 14.— Estimated world consumption 
of fluorspar in the chemical and other 


sectors 
(Short tons) 
1975 1976 
Fluorocarbons -_ _ _ _  _ _ _ __ 746,000 690,000 
Uranium enrichment _ ` 40,000 ,000 
Petroleum alkylation __ ` 50,000 53,000 
Stainless steel picklingg 40,000 000 
Glass and enamel __________ 30,000 32,000 
Foundr ie 40, 000 40,000 
Miscellaneous ____________ 50,000 50,000 
Total 996,000 952,000 


FLUORSPAR 


575 


TECHNOLOGY 


Following the publication in 1974 of the 
Molina and Rowland theory suggesting that 
fluorocarbons could cause a depletion of 
stratespheric ozone,? many investigations 
were initiated to verify the theory. Results 
of these independent studies have recently 
been released by the National Academy of 
Sciences, the Environmental Protection 
Agency, the Manufacturing Chemists 
Association, “ the United Kingdom Depart- 
ment of the Environment,'* and the United 
Kingdom Atomic Energy  Authority.'* 
Although estimates vary as to the extent of 
ozone depletion that can be attributed to 
fluorocarbon releases within certain time 
frames, the consensus appears to be that 
fluorocarbons are a legitimate cause for 
environmental concern. 

The search for less-energy-intensive me- 
thod of aluminum production led to the 
revolutionary Alcoa Smelting Process, im- 
plemented at midyear in a newly built 
smelter in Palestine, Tex. Based on the 
electrolysis of aluminum chloride, to which 
minor amounts of lithium chloride and 
sodium chloride are added, the process is 
expected to reduce power requirements to 5 
kilowatt-hours per pound of aluminum, 
compared with 6.5 kilowatt-hours per pound 
in today's most efficient conventional smel- 
ters. Since no fluorides are used in the 
process, its impact on the fluorspar industry 
may be far reaching should it prove suc- 
cessful and be adopted in new smelters 
worldwide. 

The Bureau of Mines continued its re- 
search into byproduct fluosilicic acid recov- 
ery from phosphate rock. Using phosphoric 
acid as an acidulating-defluorinating me- 
dium, it has been demonstrated that over 
80% of the fluorine can be evolved and 
recovered as a dilute solution of fluosilicic 
acid. Meanwhile, new processes have been 
developed in the United Kingdom, Ireland, 
and West Germany for the conversion of 

. fluosilicic acid into synthetic fluorspar and 


\ anhydrous hydrofluoric acid. 


In the Republic of South Africa, Gós- 
sling!* investigated the feasibility of pellet- 
izing acid-grade concentrates. Tests have 
shown that pellets of 95% effective CaF;, 
with 0.5% sodium silicate as a binder, can 
be economically produced for export to the 
United States and Western Europe. In a 
separate report, Simonsen and Levin’ 
discuss the beneficiation of a complex ore 
containing fluorspar, dolomite, and pyro- 
phyllite, with minor amounts of quartz, 
muscovite, and chloritic and ferruginous 
material. 

According to van Alstine,? major fluor- 
spar districts are localized chiefly along and 
near continental rift zones and lineaments. 
This association of major fluorspar districts 
with continental rifts and lineaments is 
regarded as a regional guide in the search 
for new fluorspar deposits. 


12Molina, M. J., and Rowland, F. S. Stratospheric Sink 
for Chlorofluoromethanes-Chlorine Atom-Catal De- 
struction of Ozone. Nature, v. 429, 1974, pp. 810-812. 

13U.S. Environmental Protection Agency. Environ- 
mental Hazard Assessment Report. Major One-and-Two 
Carbon Saturated Fluorocarbons. Review of Data. 
August 1976, 159 pp. 

l*Manufacturing Chemists Association. The Effect of 
Fluorocarbons on the Concentration of Atmospheric 
Ozone. Mar. 16, 1976, 133 pp. 

15United Kingdom Department of the Environment. 
Cholorofluorocarbons and Their Effect on Stratospheric 
Ozone. 1976, 71 pp. 

léCox, R. A., Derwent, R. G., and Eggleton, A. E. J. 
Chlorine Nitrate - a Possible Stratospheric Sink for C10 
Radicals and NO, With Significant Implication for Ozone 
Depletion. United Kingdom Atomic Energy Authority, 
May 1976, 10 pp. 

Derwent, R. G., Eggleton, A. E. J., and Curtis, A. R. A 
Computer Model of the Photochemistry of Halogen- 
Containing Trace Gases in the Troposphere and Strato- 
sphere. United Kingdom Atomic Energy Authority, 
March 1976, 58 pp. 

17Phosphorus and Potassium. New Possibilites for Con- 
version of Recovered Fluosilicic Acid. No. 85, Septem- 
ber/October 1976, pp. 38-42. 

18Géesling, H. H. An Economic Assessment of the 
Production of High-Grade Fluors Pellets. National 
Institute for Metallurgy (Johannesburg), Rept. No. 1660, 
June 1976, 13 pp. 

18Simonsen, H. A., and Levin, J. Concentration of 
Fluorspar From the Farm Strydfontein, Marico District. 
Preliminary Investigation. National Institute for Metal- 
lu: (Johannesburg), Rept. No. 77, August 1976, 12 pp. 

an Alstine, R. E. Continental Rifts and Lineaments 
Associated with Major Fluorspar Districts. Econ. Geol., v. 
71, No. 6, September/October 1976, pp. 977-987. 
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Gallium 


By Benjamin Ροίκο[ 


The domestic gallium industry increased 
both production and production capacity 
during 1976. Data on rest-of-world pro- 
duction and consumption were not avail- 
able. U.S. imports of gallium declined. Most 
gallium consumption continued to be in the 
production of various gallium compounds 
used to produce gallium-based electronic 
devices. 

Legislation and Government Pro- 
grams.—Gallium was classified by the Ma- 
terials Transportation Bureau, U.S. De- 
partment of Transportation, as a hazardous 
material for purposes of transportation, and 
regulations were published in the Federal 
Register (September 2, 1976), effective Sep- 


tember 4, 1976, specifying materials for the 
inner and outer packaging of gallium ship- 
ments. Gallium must be in the solid state 
during the time of transportation. 


Table 1.—Salient gallium statistics 


in the United States 
(Kilograms) 
1973 1974 1975 1976 
Production W W W W 
Imports for 
consumption 11,124 6,536 6,830 4,920 
Consumption 8,496 6,939 7,493 8,880 
Price per 
ilogram _______ $750 $750 $750-$800 $750-$800 


W Withheld to avoid disclosing individual company 
confidential data. 


DOMESTIC PRODUCTION 


Domestic gallium production remained 
Strong in 1976 and was estimated to have 
increased over that of 1975. Two companies 
with three facilities recovered metallic gal- 
lium in 1976. The Aluminum Co. of America 
(Alcoa), using proprietary gallium pro- 
duction technology at its Bauxite, Ark., 
alumina plant, recovered gallium as a co- 
product from residues of its alumina pro- 
duction process. In addition, at midyear 
Alcoa announced the commencement of gal- 
lium recovery at its Mobile, Ala., alumina 


plant. Eagle-Picher Industries, Inc., contin- 
ued to produce gallium metal, oxide, and 
trichloride from zinc production residues at 
its Quapaw, Okla., facility. Canyonlands 
21st Century Corp. reprocessed gallium 
from gallium arsenide at its plant in Bland- 
ing, Utah. Other domestic companies pro- 
duced high-purity gallium metal and gal- 
lium compounds such as arsenide, oxide, 
phosphite, and trichloride for the manu- 
facture of electronic devices. 


CONSUMPTION 


Total domestic gallium consumption in- 
creased almost 19% over that of 1975. 
Electronic usage increased almost 12% and 
consumption for research and development 
increased more than sixfold. The quantity 
of metal used to prepare dental alloys de- 
clined significantly. The bulk of the gallium 


was consumed for the manufacture of 
electronic devices such as light-emitting 
diodes and other semiconductor devices. 
Most of the gallium used was high-purity 
metal. Gallium in the form of intermetallic 


1Physical scientist, Division of Nonferrous Metals. 
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compounds such as arsenide, phosphide, 
and arsenide-phosphide was also used for 
the manufacture of light-emitting diodes 
and semiconductor devices. Gallium oxide 
was used for the preparation of phosphors. 
The general acceptance of devices such as 
solid state calculators, digital clocks and 
watches, and visual display instrumen- 
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tation using gallium-based components 
helped sustain the demand for gallium. In- 
terest in the development of gallium-based 
solar-cells for the production of electricity 
and the use of gallium-based, light-emitting 
diodes as a source of light energy for trans- 
mission along fiber-optic cables may also 
stimulate future demand for gallium. 


Table 2.—Consumption of gallium, 


by end use 
(Grams) 
End use 1975 1976 
Alloys! h)!) 7,0. 4,025 
— Mm 
an — nÓ( , , 
P 56, 51,000 
Total Len admet 7,492,806 3, 879, 950 
1Specialty alloys. 
*Light-emitting diodes, semiconductors, and other 
electronic τος. 


STOCKS 


Consumer stocks of gallium metal at purity grades, shown in table 3, increased 


yearend 1976, both commercial and high- 


83% over beginning stocks 


Table 3.—Stocks, receipts, and consumption of gallium 


(Grams) 
Purity -— Receipts Consumption Een | 

1975: 
9109-9996 _____________________ 18,379 M 9,187 9,242 
99.99% — . c s teet 8,591 8,054 8,468 8,177 
99.9999% . ee ώς s sm uu 5,478 57,162 59,931 2,709 
99.999990-99.99999% _______________ 521,744 801, 7 420,270 909,454 
σα Seth A lume Aii mE e 549,192 7,868,196 7,492,806 3924,582 

1976: 
97.09%-99.9% ꝶ 9,242 2,651 5,536 6,363 
er JJ TENE M 8,177 675 1,426 2,426 
%%%]! 2,109 68,855 59,827 11,287 
99.999990-99.99999% _______________ 2912274 9,574,992 8,813,161 1,674,105 
Toti] 52:552. eee ee Sete 2927 402 9,646,679 8,879,950 1,694,181 

I Consumers only. 


Ending stocks for 1975 do not equal 1976 beginning stocks because of reported beginning stock adjustments. 


PRICES 


Prices paid for gallium are not reported American Metal Market quoted metal of 


and are subject to negotiation between buy- 
er and seller. However, during 1976 the 


99.999% purity at $750 to $800 per kilo in 
100-kilogram lots. 


GALLIUM 
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FOREIGN TRADE 


Data on exports of gallium minerals are 
not reported separately but are included in 
the category “base metals and alloys, not 
elsewhere classified, wrought or 
unwrought, waste and scrap.” Significant 
quantities of gallium and gallium com- 
pounds are probably exported in the form of 


manufactured  gallium-based electronic 
components and equipment. 

Total U.S. imports of gallium declined 
28% in quantity and 35% in value from 
those of 1975. West Germany and Switzer- 
land supplied 85% of these imports. The 


average value of imports was $473 per kilo. 


Table 4.—U.S. imports for consumption of gallium 
(unwrought, waste and scrap), by country 


1975 1976 
Country 
Kilograms Value Kilograms Value 

UU απ κ σσ 242 $129,745 214 $100,706 

Chine ο. s Republic ß ae == 19, 
7). METER NON 5 1,400 a EOR 
: y, W JJ. 8 μα ie 2,891 1,103,652 
Hungary — s p] s s et S S D P HS 199 66,890 
Italy — oes e 8 254 100,512 75 27,210 
Japan S ß Sas ERE sxs 42 64,000 50 70,115 
Netherlands 269 147,920 40 21,078 
Switzerland _________________________ 6,001 8,108,364 1,799 813,854 
United Kingdom ... _ ------ 17 8,414 90 40,819 
USSER uet su ͤ 8 ES M 12 2,119 
Total ou ⁵ ðDi e ee 6,830 3,555, 355 4.920 2,326,176 

WORLD REVIEW 


World production and consumption data 
for gallium are not available. It is believed 
that significant quantities of gallium metal 
and compounds are consumed by countries 


with large, well-developed electronic and 
electrical industries. It is also thought that 
production of gallium declined in countries 
other than the United States. 


TECHNOLOGY 


A technique was described to successfully 
etch polish gallium phosphide single crys- 
tals using an aqueous solution of chlorine.’ 

A process was patented whereby gallium 
was extracted from sodium aluminate 
liquor formed in processing bauxite by the 
Bayer process. The liquor was cooled to 
about 60° C to precipitate the soda. The 
purified liquor was mixed with additional 


mother liquor and contacted with a liquid 
gallium-aluminum alloy to cause cemen- 
tation of gallium from the liquor. The gal- 
lium was then recovered.* 


Milch, A. Etch Polishing of GaP Si 
Aqueous ‘Solutions of Chlorine and Iodine. 
Soc., v. 123, No. 8, August 1976, pp. 1256-1257. 

3Shalavina, E. L., et al. Extraction of Gallium Values 
Here Sodium λα. Liquor. U. 8. Pat. $9581 150, Oct. 
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Gem Stones 


By W. Timothy Adams! 


The production value of gem stones and 
mineral specimens in the United States 
during 1976 was estimated to be $8.9 mil- 
lion, an increase of 2% over that of 1975. 
Most of the value was contributed by the 
few companies that operated deposits for 
emerald, jade, opal, sapphire, and turquoise. 


Amateur collectors were important even 
though their total contribution was surpass- 
ed by the commercial operators. The com- 
mercial operators sold mainly to wholesale 
or retail outlets and occasionally to jewelry 
manufacturers. 


DOMESTIC PRODUCTION 


Mines and collectors in 39 States pro- 
duced gem materials estimated at $1,000 or 
more for each State. Ten States supplied 
90% of the total value as follows: Arizona, 
$4.0 million; Nevada, $1.3 million; Maine, 
$1.1 million; Oregon, $525,000; California, 
$231,000; New Mexico, $210,000; Montana, 
$170,000; 'Texas, $168,000; Washington, 
$168,000; and Wyoming, $147,000. 

Park authorities at the Crater of Dia- 
monds Park in Arkansas reported the find- 
ing of 398 diamonds, of which 1 was 3 carats 
and 3 were 2 carats each. No value was 
placed on the stones.? 

A report was published on the evaluation 
of diamond-containing weathered kimber- 
lite pipes in Colorado and Wyoming. 

A 200-carat emerald crystal was found at 
the Big Crabtree emerald mine near Little 
Switzerland, N.C. The stone appeared to be 
of fine quality and could yield a stone of 40 
carats if cut. It would be larger than the 
Carolina emerald of 14 carats. Peridot was 
mined by about 200 individuals of the San 
Carlos Apache Tribe at Peridot, Ariz., and 


no estimate of quantity and value of the 
peridot was available. 

The production of turquoise of all grades 
and quantities reported was 221 tons, val- 
ued at $3.9 million and was principally 
from Arizona, Nevada, and Colorado. The 
great interest in Native American style 
jewelry continued throughout 1976. Many 
articles appeared in various publications 
describing the qualities of genuine tur- 
quoise and Native American jewelry.* 


1Physical scientist, Division of Nonmetallic Minerals. 

*Arkansas Department of Parks and Tourism, Parks 
Division. 

3McCallum, M. E. and C. D. Mabarak. Diamond in State- 
Line Kimberlite Diatremes, Alban Wye County, Wyo.; Lari 
mer County, Colo., Geol. Survey of , RI 12, September 
1976, 36 pp. 

“Hass, L. N. Turquoise — Blue Heaven in a Stone, Part 
: DM and Miner., No. 458, December 1975, pp. 8-9, 62-63, 


— Part II. Gems and Miner., No. 459, January 1976, 
pp. 42, 6: 42, 6264. 
art III. Gems and Miner., No. 460, February 
1976, pp. pp. 3536 
Rowe, R. C. Turquoise — Genuine or False. Gems and 
Miner., No. 459, MT 1976, pp. 35-37. 


Hemrich, G. L Turquoise Substitutes. Gems and Miner., 
No. 470, December 1976, pp. 17-20, 22. 
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Mine Location Operator 

Emerald: Big Crabtree mine Mitchell County, N. CC rr mE Co. 

Little Switzerland, N.C. 28749 

Jade: Stewart Jewel Jade mine Kobuk Village, Alaska a y pri | eig Jade Co. 

ve. 

Opal: Anchorage, Alaska 99501 
Royal Peacock mine Humboldt County, Nev.. _ _ _ any W. Wilson 
Spencer Opal mine (dig-for-fee Clark County, Idaho ______ Mark L. Stetler 

mine). “s " 1862 Ranier St. 

. Idaho Falls, Idaho 88401 

8 Sapphire mine Granite County, Mont Chaussee Sapphire Corp. 

(sold unscreened material to i Box 706 i 

tourists in summer and as- Philipsburg, Mont. 59858 

sisted in screening). 

ire Village mine Judith Basin County, Sapphire International Corp. 
ogo Gulch). Mont. Box 30 
Turquoise ac Š 
Aurora mine Lander County, Ney Carico Lake Mining CG 
ue, N. Mex. 87110 
Black Spider mine FFS Grille Ma ing Co. 
2221 10th St 
Lubbock, Tex. 79401 
Blue Eagle mine Mineral County, Nev _ _ _ _ _ _ ae and D. Lester 
Mina, Nev. 89422 
Blue Jim mina Lander County, Nev ______ dames θην 
Battle Mountain, Nev. 89820 
Blue Spider mine Dace OO ee lica ceu John Lee & Co. 
5101 North 40th St., Apt. 119 
Phoenix, Ariz. 8501 
Boundary mine Mineral County, Nepp aa eno de H. Herrington 
Mina, Nev. 89422 
Duval Corp. mina Mohave County, Aria L. W. Co., Inc. 
Morenci mines Greenlee County, Ari W. O. Brown 
230 West 66 Ave. 
Gallup, N. Mex. 87301 
Pinto Valley min Gila County, Ari L. W. Co., Inc. 
Kingman, Avis 88401 
Red Mountain mine Lander County, Nev |... J. M. Johnson 
102 West 9th Pl. 
Mesa, ae opus T 
ugget (colessee 
Box 1118 
, Ariz. 86001 
Royal Blue mine Esmeralda County, Nev ---- R. C. Wil 
Box 1311 
Tonopah, Nev. 89040 
Shoshone and Ackerman mines Churchill County, Nev _ _ _ _ _ Turquoise Co., Inc 
1900 East Main St. 
Austin, Nev. 89310 
Turquoise Chief mine Lake County, Colo N. F. Reed 
Albuquerque, N. Mex. 87110 
Villa Grove mine Saguache County, Colo Cha a 


Villa Grove, Colo. 81155 


CONSUMPTION 


Domestic gem stone output went to am- stones (domestic production plus imports 
ateur and commercial rock, mineral, and minus exports and reexports) was $705 mil- 
gem stone collections, objects of art, and lion, 51% more than that of 1975. 
jewelry. Apparent consumption of gem 


PRICES 


Typical costs to a retail jeweler in De- importers were as follows:* 
cember 1976 for representative better qual- 55 ο... 8 
ewelers e. 
ity gem stones as reported by 15 typical Price Index. V. 147, Νο. 5, F 1977, p. 84. 


GEM STONES 


—Ten-carat cat's eyes and 1 
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Median price Price range 
per carat per carat 

10 $15 $11-$17.50 

8 120 75-260 

5 1,100 Ἴδ0-1,100 
10 8 5-10 

1 2,815 1,500-5,000 

1 475 400-600 
10 800 190-450 

8 438 800-500 

5 62 60-70 
10 50 45-60 

2 1,875 1,250-8,500 

2 125 400-1,200 

5 900 150-250 
10 55 55-100 
10 100 75-125 


VVV 


1975, Mery lant dass carat Gf thee ο ο ο ut thes Level. of the lacs cle 
στοκ of diamond prices prios fronds dicated higher prices fot cut Damon) caret aba smaller, but no 


cut diamond. 


FOREIGN TRADE 


Exports of all gem materials amounted to 
$326.7 million, and reexports to $155.5 mil- 
lion. Diamond accounted for 94% of the 
value of exports and 9296 of the reexports. 
Exports of diamond totaled 812,853 carats 
valued at $306.1 million. Of this total, dia- 
mond cut but unset, suitable for gem stones 
not over 0.5 carat, was 53,975 carats valued 
at $21.1 million; and cut, but unset, over 0.5 
carat was 258,738 carats valued at $284.9 
million. 

Reexports of diamond amounted to 
1,198,805 carats, valued at $142.7 million, in 
categories as follows: Rough or uncut, suit- 
able for gem stones, not classified by weight, 
1,025,183 carats valued at $88.9 million; cut 
but unset, not over 0.5 carat, 45,127 carats 
valued at $9.2 million; cut but unset, over 
0.5 carat, 128,450 carats, valued at $44.6 
million. 

The 10 leading recipients of diamond 
exports accounted for 89% of the carats and 
98% of the value and were as follows: Hong 
Kong, 98,102 carats valued at $132.5 mil- 
lion; the Netherlands, 39,033 carats valued 
at $39.7 million; Switzerland, 32,480 carats 
valued at $37.2 million; Japan, 46,924 carats 
valued at $33.5 million; Belgium, 25,827 
carats valued at $25.8 million; France, 6,288 
carats valued at $14.5 million; West Ger- 
many, 5,416 carats valued at $7.1 million; 
the United Kingdom, 4,671 carats valued at 
$4.7 million; Israel, 9,670 carats valued at 
$3.2 million; and Canada, 8,952 carats val- 
ued at $2.3 million. 

The eight leading recipients of diamond 
reexports accounted for 96% of the carats 
and 97% of the value and were as follows: 
Belgium, 432,080 carats valued at $41.1 


million; Israel, 403,017 carats valued at 
$34.3 million; the Netherlands, 213,537 
carats valued at $25.2 million; the United 
Kingdom, 32,830 carats valued at $11.7 
million; Switzerland, 7,832 carats valued at 
$8.9 million; France, 20,884 carats valued at 
$6.9 million; Japan, 26,764 carats valued at 
$5.6 million; and Hong Kong, 10,797 carats 
valued at $4.5 million. 

Exports of all other gem materials am- 
ounted to $20.6 million. Of this total, pearls, 
natural and cultured, not set or strung, 
were valued at $0.6 million. Natural pre- 
cious and semiprecious stones, unset, were 
valued at $18.0 million; and synthetic or 
reconstructed stones, unset, were valued at 
$2.0 million. Reexports of all other gem 
materials amounted to $12.8 million in 
categories as follows: Pearls, $0.8 million; 
natural precious and semiprecious stones, 
unset, $11.8 million; synthetic or recon- 
structed stones, unset, $0.1 million. 

Imports of gem materials increased about 
39% in value over those of 1975. Diamond 
accounted for 86% of the total value of gem 
material imports. 

Although rough and uncut diamond im- 
ports were reported from 24 countries, over 
99% of the value was from 9 countries as 
follows: The Republic of South Africa, 
1,194,128 carats, $257.2 million; the United 
Kingdom, 494,884 carats, $113.8 million; 
Sierra Leone, 331,554 carats, $42.9 million; 
the Netherlands, 50,393 carats, $20.5 mil- 
lion; Israel, 38,578 carats, $8.2 million; 
Belgium-Luxembourg, 37,885 carats, $6.7 
million; Venezuela, 260,066 carats, $6.0 mil- 
lion; Liberia, 2,790 carats, $2.9 million; and 
the Central African Republic, 36,006 carats, 
$2.2 million. 
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Cut but unset diamond, not over 1/2 
carat, was imported from 38 countries; 
however, the imports of this category from 
10 countries amounted to 99% of total 
carats and value as follows: Israel, 1,100,253 
carats, $178.7 million; Belgium, 1,011,991 
carats, $157.1 million; India, 498,996 carats, 
$64.7 million; the Netherlands, 68,419 car- 
ats, $9.6 million; the U.S.S.R., 35,794 car- 
ats, $8.1 million; the Republic of South 
Africa, 13,747 carats, $3.7 million; Switzer- 
land, 12,673 carats, $1.7 million; the United 
Kingdom, 11,243 carats, $1.6 million; 
France, 9,276 carats, $1.9 million; and Hong 
Kong, 8,981 carats, $1.3 million. Cut but 
unset diamond, over 1/2 carat was imported 
from 30 countries; the imports from 9 coun- 
tries amounted to 99% of the total carats 
and 98% of the value as follows: Belgium, 
156,083 carats, $66.8 million; Israel, 102,563 
carats, $32.5 million; the Republic of South 
Africa, 8,178 carats, $6.0 million; the Neth- 
erlands, 9,717 carats, $3.3 million; the 
U.S.S.R., 6,660 carats, $2.5 million; the 
United Kingdom, 2,661 carats, $2.0 million; 
Switzerland, 1,142 carats, $1.1 million; In- 
dia, 3,389 carats, $0.8 million; and Hong 
Kong, 860 carats, $0.7 million. 

Imports of emeralds increased 45% in 
quantity and 37% in value. Emerald was 
imported from 33 countries; the imports 
from 9 countries amounted to 96% of the 
carats and 94% of the value as follows: 
Colombia, 57,252 carats, $21.6 million; In- 
dia, 578,780 carats, $9.7 million; Switzer- 
land, 28,457 carats, $6.9 million; Brazil, 
207,620 carats, $3.8 million; Israel, 76,805 
carats, $2.7 million; the United Kingdom, 
76,069 carats, $2.5 million; Hong Kong, 
49,730 carats, $2.1 million; West Germany, 
34,817 carats, $1.7 million; and France, 
3,745 carats, $1.1 million. Ruby and sap- 
phire were imported from 34 countries; the 
imports from 7 countries amounted to 91% 
of the value as follows: Thailand, $15.6 
million; Sri Lanka, $2.3 million; India, $2.0 
million; Switzerland, $2.0 million; Hong 
Kong, $1.8 million; West Germany, $0.7 
million; and Canada, $0.4 million. Natural 
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pearls and parts from 11 countries increas- 
ed 12% in value of imports; 5 countries 
accounted for 91% of the value as follows: 
India, $371,000; Japan, $104,000; France, 
$85,000; Burma, $82,000; and Hong Kong, 
$48,000. Cultured pearls increased 52% in 
value of imports which were received from 
20 countries of which Japan, at $10.6 mil- 
lion, accounted for 95% of the value. Im- 
ports of imitation pearls increased 32% in 
value; Japan, at $569,000, accounted for 
84% of the value. Coral, cut but unset, and 
cameos suitable for use in jewelry increased 
slightly in value of imports, which were 
received from 20 countries; 3 countries 
accounted for 94% of the value as follows: 
Italy, $3.4 million; Taiwan, $1.5 million; and 
Japan, $1.2 million. 

Imports of other precious and semipre- 
cious stones, rough and uncut, increased 
30% in value and came from 46 countries of 
which 7 countries accounted for 78% of the 
value as follows: Brazil, $2.5 million; Aus- 
tralia, $2.0 million; Colombia, $1.1 million; 
Hong Kong, $0.3 million; India, $0.2 million; 
the Republic of South Africa, $0.2 million; 
and Zambia, $0.2 million. Other precious 
and semiprecious stones, cut but unset in- 
creased 26% in value and were imported 
from 59 countries, of which 7 countries 
accounted for 87% of the value as follows: 
Hong Kong, $15.4 million; Brazil, $5.3 mil- 
lion; West Germany, $3.5 million; Australia, 
$2.9 million; Taiwan, $1.5 million; Iran, $1.0 
million; and India, $1.0 million. Synthetic 
gem stones, cut but unset, increased 26% in 
value and came from 17 countries of which 
6 countries accounted for 96% of the value 
as follows: West Germany, $5,639 million; 
France, $1,226 million; Switzerland, $1,191 
million; Japan, $1,099 million; Taiwan, 
$0.272 million; and Hong Kong, $0.259 mil- 
lion. Imitation gem stones increased 9% in 
value and came from 18 countries, of which 
5 countries accounted for 9860 of the value 
as follows: Austria, $4,959 million; West 
Germany, $2,618 million; Czechoslovakia, 
$0.961 million; Japan, $0.252 million; and 
Hong Kong, $0.106 million. 
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Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


1975 1976 
Stones - : 
Quantity Value Quantity Value 
Diamonds: 

y am ain uU u eL Lau e 2,941 847,882 2,464 462,657 
Cut but unaeũt „„ 2,236 874,287 3,087 549,182 
Emeralds:Cutbutunset .................... ............... 806 40,848 1,165 55,286 

peius 5 and cameos suitable for 
pt Mr th Er ROS NA 6,475 NA 6,497 
Rubies a anc sapphires: Cut but une NA 19,069 NA 27,165 
9d αμ ĩͤ NA 23 N 20 
f!!! AA NA 678 N 755 
rod —.———— lucc xni 8 NA 7,261 NA 11,062 
58858 6... NA 515 NA 680 

precious semiprecious stones: 
and unſullt!k!k!!! -. -. ΝΑ NA 8,266 
Cut but unaeõettt „ NA 28, 718 NA 85,278 
MT RODE s, —X——— NA 1,935 NA 2,565 
τ Cut but unset _______________ number 13,682 8,008 18,705 10,115 
77777700... ae nays A eae NA 610 NA 766 
Imitation gem stones NA 8,296 NA 9,072 
f.. Ä n οκ NA 850,480 NA 1,179,366 
NA Not available. 
WORLD REVIEW 


Australia.—Turquoise was discovered in 
Australia in 1967. The deposits are located 
in the remote central region of the North- 
ern Territory approximately 265 miles 
northeast of the railhead at Alice Springs. 
The turquoise occurs in a series of Cam- 
brian siltstone-mudstone beds that form 
part of the Sandover Beds of the Georgina 
Basin. A range of phosphate types is pro- 
duced from the mine. Microscopic and X-ray 
diffusion examination have shown the typi- 
cal high-grade material to be composed of 
very-fine-grained, close-packed nodules of 
turquoise. The turquoise has been formed 
by the chemical combination of phosphates 
and alumina in the phosphate-rich beds and 
copper leached from the overlying copper- 
rich tuffaceous siltstones. Mining is by 
open-cut methods. Specimens up to three- 
quarters ton have been recovered. Proven 
reserves are considerable, and continuity of 
supply is offered. A wide range of material 
is available for gem cutters and the carving 
trade. The area is not open to collectors and 
hobbyists.* 

New markets for Australian opals are 
being opened both at home and in Japan. 
Stones from Cooper Pedy and Andamooka 
are being used in a variety of styles in 
watch bracelets and pendants. Α new manu- 
facturing process is reported to insure high 
durability of the stone.’ 

Botswana.—A new tax regime instituted 
by the Government of Botswana established 
an effective partnership between the Gov- 
ernment and the De Beers Group. The 


Orapa mine produced 2,360,945 carats of 
diamond from 3,428,985 tons of ore in 1976. 
Construction work is in progress at Orapa 
to increase the capacity of the mine from 2.3 
million carats to 4.5 million carats per year. 
The new Letlhakine mine, 24 miles south- 
east of Orapa was commissioned, and pro- 
duction began at the rate of 320,000 carats 
per year. The mine treated diamondiferous 
gravels surrounding the pipe. Design work 
was in progress for the second stage of 
development to treat the kimberlite. Pros- 
pecting continued at a kimberlite pipe 
discovered in Jwaneng in the south of the 
country. The pipe is overlain by 150 feet of 
overburden and represents a considerable 
technical achievement. A drilling program 
has established that the pipe is large and 
contains diamond in economic quantities.* 
Burma.—The Mogok ruby that made 
Burma one of the gem capitals of the world 
has also been the cause of the country's 
plunder by smugglers and black market- 
eers. The gem industry was nationalized in 
1969, and 18 kinds of precious stones in- 
cluding rubies, sapphires, and jade were 
brought under official control. Officials ad- 
mit that thieves are still active despite 
strong security at the mines.* 
No. T, October 1976, pp. 1654-1658. be 
Journal Conferences. New Uses for Opal. V. 
287, No. 7375, Dec. 24, 1976, p. 510. 
*De Beers Consolida lidated Mines Ltd. 1976 Annual Report, 


Maung , C. T. The Curse of the Burmese Ruby. Wash. 
Post, AD 18, 1976, p. H-8. 
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Significant quantities of Burmese jadeite 
ends up in Thailand through various 
smuggling routes. The price of fine apple 
and emerald green jadeite is such that a 
market has been created for the once- 
neglected yellow, red, and apricot colors. 
Much of the yellow and red material being 
offered is not jadeite but dyed quartz. 
The fraud may be detected by concoidal 
fractures on a chipped edge rather than the 
fibrous fracture displayed by jadeite.1 

Colombia.—Two years ago small em- 
eralds of little commercial value were dis- 
covered in alluvial sands near the small 
town of Yacopi. The discovery coincided 
with the closing of Muzo, the major emerald 
mine in Colombia. The increasing pro- 
duction from the Yacopi area gives evidence 
to the belief that soon something of real 
value will be discovered there. Α major find 
at Yacopi would give Colombia a new source 
of foreign exchange." 

Guatemala.—Rough Maya jade will be 
made available to wholesale gem distribu- 
tors and rockhounds. The jadeite is of excel- 
lent carving quality. The colors range from 
a pearly white and a richer green to a dark 
green that appears black when polished. 
The quality of the jade has been evaluated, 
and it compares favorably with Wyoming 
jade. Larger rough-cut boulders have been 
exported to Hong Kong for statue carving.'* 

Lesotho.—The Letseng-la-Terai mine be- 
gan producing at a rate of 4,000 tons of ore 
per day. Systematic mining began in May 
with the object of exposing hard kimberlite 
at depth and stockpiling the overlying soft 
weathered kimberlite. At yearend, 500,000 
tons of the weathered kimberlite had been 
Stockpiled. The profitability of the mine 
depends on the production of a comparative- 
ly small quantity of large, high-quality 
stones.“ 

India. — The Indian diamond industry, 
which is export- oriented and cottage based, 
has grown twelvefold in the past decade and 
now provides employment to approximately 
150,000 workers, mostly skilled artisans. 
The United States has emerged as one of 
the principal buyers of Indian diamond 
accounting for more than 27% of India's 
exports. India's share in the world diamond 
trade is about 7% to 8% in terms of value 
and 1.2% to 1.5% in terms of caratage. A 
combination of skills developed over the 
years and low production costs have en- 
abled India to specialize in the polished 
small diamonds known as makeables.“ The 
bulk of India's raw material requirments, 
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namely, rough diamonds, is supplied by the 
Diamond Trading Company (DTC), London. 
The outlook for the industry is encour- 
aging.“ 

Iran. Iranian production of turquoise 
from March 21, 1975 to March 20, 1976, was 
reported as 68.2 short tons. Proven reserves 
were reported as 11,000 short tons and 
resources as 22,000 short tons.“ 

Pakistan.—The Government of Pakistan 
decided to set up an organization to buy 
uncut emeralds, diamonds, and other pre- 
cious stones from the mines at Swat in the 
North West Frontier Province and export 
them in finished form. The mines have been 
sealed by the police and mining operations 
suspended for the present. Of the 800 carats 
of emerald produced per month, a large 
proportion was said to be smuggled out of 
the country. 

South Africa, Republic of.— The Central 
Selling Organization reported diamond 
sales in 1976 of $1,555 million, 4696 greater 
than in 1975. During 1976, sales exceeded 
production, and the excess was provided 
from stocks. The Central Selling Organiza- 
tion increased the price of diamond twice 
in 1976, by 396 in January and 696 in 
September. The demand for the smaller 
sizes and the lower qualities of larger dia- 
monds was very strong in 1976. Toward the 
end of the year, there was improvement in 
demand for better quality large stones. No 
breakdown of gem stones or industrial 
diamond sales was given.“ 

South-West Africa, Territory of.—The 


Consolidated Diamond Mines of South-West 


Africa (Proprietary) Ltd. reported an in- 
crease in ore treated in 1976 to 14,167,067 
short tons, from 13,498,048 tons in 1975. The 
average stone size increased from 0.73 carat 
per stone to 0.95 carat per stone in 1976. 
Overburden stripped increased from 46,3- 
89,670 short tons in 1975 to 54,996,027 tons 
in 1976. Diamond production decreased to 
1,698,994 carats in 1976 from 1,747,739 ca- 
rats in 1975. 


100 J. The Latest Ripoff: Yellow-Red Burma 
Jade. Lapi y J., v. 29, No. 11, F 1976, p. 2084. 

I World . Colombian Miners Emeralds 
Yacopi as F Muzo Mine Closed. V. 29, No. d, April 
1976, pp. 88-89 


W. R. Ancient Maya Jade ts Rediscov- 

Bing pec J cos v. 80, No. 3, pp. “ue 
. 
IU S. Embassy, N ew Delhi, India. State Department 


E iru Dec. 29, I! 1976, po xb 
8. Embessy, Tehran, te Department 
gram A225, Dec. 29, 1976, Enclosure 1: 1 pp 


ournal. Production Smuggling in Swat. V. 
Mar. 5, 1976, p. 188. 
Consolidated 


MEA: à 
Ange Beers Mines Ltd. 1976 Annual Re- 


port, 59 pp. 
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Further refinements made to the dewa- 
tering systems and stability improvements 
to the sea wall enabled operations to ad- 
vance 150 feet further seaward of the high 
water mark. Fewer minor breakdowns were 
experienced with the bucketwheel excava- 
tor during the year, but three major compo- 
nent failures decreased overall availability. 

Thailand.—Many of Thailand's precious 
and semiprecious stone mines are nearing 
depletion, resulting in a marked increase in 
importation of blue sapphires from Austra- 
lia. Smuggling of gem stones from Burma 
and Cambodia also increased.!* 

U.S.S.R.—Soviet geologists are reported 
to have made diamond finds in ancient 
Timan paleozoic deposits west of the 
Urals.!* 

The Frankfurt diamond bourse has gone 
into  receivership. German promoters 
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attempted to make Frankfurt a world dia- 
mond market using cutters from Idar- 
Oberstein to challenge the dominance of 
Israel, Antwerp, New York, and Bombay. 
Breaking into a trade that is divided 
between De Beers and the many Israeli and 
Belgian craftsmen was too big a task for the 
Germans even with Soviet help. 

It is reported that the U.S.S.R. has open- 
ed an export office in Antwerp under the 
name of RUSSALMAZ MV. It is also re- 
ported that the U.S.S.R. is selling the bulk 
of its finished goods to the Diamond Trading 
Co. marketing network since attempts to 


compete directly had failed.» 


1918. , Bangkok, Pr State Department 
A-140, une 16, 1976, 8 p 
i in go Exploration. V. 


Journal. Industry 
July 16, 1976, p. 51. 


257, No Ἰδοὺ Ju A Soviet Investment. Barron’s, v. 56, No. 
1, Jan. 5, 1976, p. A 


Table 3.—Diamond (natural): World production, by country: 


(Thousand carats) 
1974 1975 1976P 
Coun 
“y Gem ledus Total Gem Inun Total Gem du Total 
A frica: 
Angola 1,470 490 1,960 845 115 *460 495 165 *660 
κο. σα... 408 2,310 2,718 360 2,087 2,397 354 007 2,361 
Central African 
Republic _________ 220 118 338 220 119 221 119 *340 
Ghana 257 2315 2,572 233 2,095 2,828 228 2,055 2,283 
Guinea? __________ 25 55 80 25 55 80 25 55 80 
Ivory Coat 112 167 279 84 125 209 22 88 60 
Lesotho? __________ 2 9 11 1 2 3 1 2 g 
Liberia? __________ 877 259 686 4241 *165 *406 250 150 *400 
Sierra Leone? _______ 670 1,000 1,670 600 900 1,500 600 900 1,500 
South ee E 
ier mine 605 1,817 2,422 509 1,527 2,086 458 1,875 1,833 
Other De Beers | 
ies 2,397 1,961 2,518 2,061 4,579 2,549 2,086 4,685 
7 438 292 790 408 272 680 332 222 554 
o tall 3,440 4070 7.510 3,435 8,860 7,295 3,339 8,683 7,022 
South-West Africa, 
itoryof __ _ _ _ _ _ 1,491 79 1,570 1,660 87 1,747 1,609 85 1,694 
T GEIEN 249 498 224 224 448 225 225 450 
Zaire 1620 "12,991 13,611 395 12,415 12,810 591 11,230 11,821 
Other areas: 
Brazil! 127 127 254 135 195 9210 196 196 9270 
ie C 12 18 30 8 13 21 6 8 14 
%% a hee 18 3 21 17 8 20 17 8 20 
„FC 12 3 15 12 3 15 12 3 15 
U.S.S.R nmmt. . 1.900 7,600 9,500 1,950 7,750 9,700 2,000 7,900 9,900 
Venezuela 279 970 1.249 239 821 1,060 190 643 833 
World total F11,689 732,888 44,522 10,184 80,924 41,108 10,820 29,406 89,726 
Estimate. pre 


liminary. Revised. 
Total (gem plus industrial) diamond output for each country is s actually reported gis where indicated to be an 


ΕΗ footnote. In contrast, the detailed separate reporting of industrial diamond represents 


ond an 
974-15), Liberia RE Venezuela (all years), and 


Burea VCF 

Zaire (1974-75) where sources give both total output and detail. The estimated distribution of total output n gem 
0 ia (hè case of a number of conniriam, besed oc ULANGA] Information of va ig 
reliability 


"Exports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported. 


3Exports. 
*Partial figure; January 1 through December 15 only. 
5All company output from the ο ο. for that credited to the Premier mine; also excludes 
company output from the Territory of South-West Africa and Botswana. 
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TECHNOLOGY 


Ruby crystals were subjected to a static 
pressure greater than 1 megabar in a 
diamond-windowed pressure cell. The pres- 
sure was monitored continuously by observ- 
ing the spectral shift of the sharp fluores- 
cent Ri ruby line excited with a calcium- 
helium gas-diffusion laser beam. One mega- 
bar appears to be the highest pressure ever 
reported for a static experiment in which an 
interval calibration was employed. The 
accessibility of this pressure range, coupled 
with the high temperature already reached, 
makes it possible to experiment directly at 
the conditions of the earth's core.?! 

General Electric (GE) scientists success- 
fully tested a new machine that can apply 
pressures greater than 8 million pounds per 
square inch. To achieve and maintain these 
pressures, GE created a pair of tungsten 
carbide pistons tipped with the company's 
manufactured industrial diamonds. The ap- 
paratus will be used to study changes that 
occur in materials under high pressures and 
temperatures.?? 

Two distinct suites of minerals included 
in natural diamond are described. It is 
indicated that they probably represent 
different physical and chemical conditions 
during diamond growth. Detailed minera- 
logical and chemical study of the minerals 
included in diamond during its growth can 
provide significant data regarding the 
chemistry and physics of the upper mantle, 
as well as providing insight into the genesis 
of diamond.” 

A detailed analysis of the composition of 
gaseous inclusions in seven Arkansas dia- 
monds ranging in size from 0.37 to 2.06 car- 
ats and containing other inclusions was 
made by mass spectrographic techniques. 
The released gases were found to be of 
variable compositon and similar to those 
reported earlier from diamonds of African 
origin. Based on the tentative assumption 
that the gases are genetically related to the 
host diamond, a theoretical gas-solid dia- 
mond growth model was presented, which 
can account for the observed compositional 
variations in the included gases. 

There are three significant features in 
the typical appearance of opal that provide 
clues to the mechanism responsible for the 
color display: (1) The color is associated with 
small grains, and throughout each grain the 
color is fairly uniform, (2) the color of the 
grains changes as the orientation of the 
stone is changed with respect to the light 
source and the observer, and (3) generally 


21Mao, H. K. and P. M. Bell. High 


the colors are spectrally pure. Electron 
micrographs revealed. regular geometric 
patterns of tiny holes across the entire 
surface of a grain. These arrays of holes are 
sufficiently regular to act as three- 
dimensional diffraction gratings that give 
rise to the stones' characteristic fire.*5 

The Spencer mines in Idaho produced 
gem opal, which not only has the intense 
color of Australian doublets and triplets, 
but has an additional feature of displaying a 
star of brilliant colors. There are three 
types of stars to be found among the Idaho 
gems: Α cat's eye stone that exhibits a 
single streak of dispersed colors across the 
triplet, a three-ray star, and a six-ray star. 
Stars such as these have not been reported 
for Australian opal. 

Two major techniques, flux and hydro- 
thermal, have been used to grow emerald 
crystals, and various solvents have been 
employed. The lithium molybdate flux has 
proved to be commercially viable in the 
hands of Chatham and Gilson. Hydrother- 
mal work, using two acid mineralizers, 
which gave satisfactory growth, did not 
prove to be commercially viable.? 

Color changes were observed on gamma- 
ray irradiation of over 500 colorless, pink, 
blue, and green tourmalines. The only sig- 
nificant changes observed were the develop- 
ment or intensification of pink or the deve- 
lopment of yellow superimposed on the 
preexisting color. Some of these colors are 
stable to heat, and some are not. 

The well-known brown color produced by 
the irradiation of topaz has been reexamin- 
ed particularly with respect to the kinetics 
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of the color formation. The known color is 
produced at two different rates. Heating to 
200 for a few hours removes essentially all 
the color of the specimens tested. 

Α completely new comparison microscope 
assists the geologist and mineralogist in the 
accurate identification of minerals by color. 
The Lovibond-Nelson microcolorimeter is 
based on an optically linked pair of micro- 
scopes using a single light source. Accurate- 
ly graded glass filters are calibrated to the 
Lovibond subtractive color system and give 
an optical match with a sample.” 

An automatic cutting machine, The Pier- 
matic, an English invention, cuts small 
diamond stones with efficiency and consis- 
tency of make. Machines are in use in 
Israel, New York, and Puerto Rico. Use of 
the machine is usually limited to stones of 
about 30 points.“ 
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Modern technology in the form of aerial 
photographs offers major assistance to 
mineral collectors. Photograph prints avail- 
able from film libraries show settlers' home- 
steads, derelict railways, ghost towns, or 
any kind of habitation or clearing. Fifty- 
year-old bush trails show plainly no matter 
how overgrown they have become. Careful 
study of photographs will often save many 
miles of wandering in search of prospective 
sites. 
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Gold 


By John M. West! and W. C. Butterman? 


A 22% drop in the price of gold discourag- 
ed producers and favored consumers in 
1976. International Monetary Fund (IMF) 
sales, totaling 3.9 million ounces, had a 
major impact on prices, which reached a 
low in August after the second sale had 
taken place. Thereafter, prices tended to 
recover despite additional sales. Another 
factor in prices was the accelerated sale of 
gold to U.S. markets from stocks of foreign- 
owned metal on deposit at the Federal 
Reserve Bank in New York City which a- 
mounted to 2.18 million ounces in 1976 
versus 0.58 million ounces in 1975. During 
the year, an increasing quantity of un- 
accountable gold apparently was accumu- 
lated in private stocks being held for specu- 
lative and investment purposes. Reported 
Stocks of industry and trading firms in- 
creased 0.14 million ounces. Exports (non- 
monetary) exceeded imports in 1976 by 0.22 
million ounces, up from 0.05 million ounces 
excess in 1975. Consumption was 0.66 mil- 
lion ounces higher than in 1975. 

Refined production from domestic pri- 
mary and secondary sources declined 13% 
and 7% respectively. Mine preduction was 
down slightly, mostly because of the closing 
of the Cortez mine in Nevada. Heap leach- 
ing of gold, a recently developed technology, 
provided 396 of U.S. production, slightly less 
than in 1975. Because of price drops, some 
producers chose to hold gold in unrefined 
form in anticipation of higher prices. Simi- 
larly, the supply of gold to scrap processors 
was somewhat less because refining and 
turnaround time was a less significant 
factor with dropping prices, and scrap was 
held for improved markets. 

Futures trading in gold was active, main- 
ly in the New York and Chicago markets, 
with volume about 15% higher than in 
1975. In New York, Commodity Exchange 
Inc. (COMEX) had a trading volume of 48 
million ounces compared with 36 million in 
1975; in Chicago, the International Mone- 

tary Market (IMM) reported a volume of 34 


million ounces compared with 36 million 
ounces in 1975. Monthly volume of the 
COMEX ranged between 1.9 million ounces 
in April and 8.75 million ounces in Decem- 
ber. An exceptional jump was noted from 
October, when volume was 2.90 million 
ounces, to November, when volume was 8.51 
million ounces. December 13 was a record 
day for trading when 1.08 million ounces 
changed hands. On the IMM, monthly vol- 
ume ranged from 1.83 million ounces in 
April to 4.74 million ounces in November, 
while December volume declined to 3.88 
million ounces. Gold moved into and was 
delivered from the exchanges and the net 
Stocks declined about 0.2 million ounces 
during the year. 

IMF gold sales began in midyear for the 
purpose of providing capital for low interest 
loans to developing countries. Dates of sales 
were as follows: June 2, July 14, September 
15, October 27, and December 8. Each sale 
amounted to 780,000 ounces, except for the 
October sale, which was 779,200 ounces. The 
gold was delivered at the Federal Reserve 
Bank in New York, except for that from the 
December sale, which was delivered in Lon- 
don. Sales in June, July, and December 
were by the common lowest-accepted-price 
Dutch auction method; the others were by 
the bid price method. Prices were $126, 
$122.05, and $187 per ounce in the June, 
July, and December sales, and averaged 
$109.40 and $117.71 in the September and 
October sales. The IMF planned to sell a 
total of one-sixth of its stocks, or 25 million 
ounces, over a 4-year period, and planned to 
restore an equal portion to member coun- 
tries. Restitution was scheduled to begin in 
January 1977, and it was uncertain whether 
central banks receiving such gold would 
place it on the market immediately or hold 
it for the longer term. 


IGtate liaison officer, Bureau of Mines, Salem Oreg. 
3Physical scientist, Division of Nonferrous Metals. 
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The Bank for International Settlements 
(BIS) estimated an increase in 1976 of world 
gold supplies by 25% to 45.2 million ounces 
from all sources, including primary pro- 
duction of 30.4 million ounces, net sales 
from centrally planned economies of 11.8 
million ounces (up 75% from 1975), and 3.5 
million ounces from official gold stocks. 
Gold reserves of the South African Reserve 
Bank declined 5.14 million ounces, mainly 
because of an agreement between a group of 
commercial banks and the Reserve Bank to 
swap gold, which was similar in effect to a 
futures trade; however, this had no impact 
on overall stock balances. The BIS reported 
that fears of revived inflationary pressures 
and disappointment with performance of 
equity markets probably contributed to an 
increased investment demand for gold. 

World consumption was up 2996, ac- 
cording to Consolidated Gold Fields Ltd., 
largely stimulated by an increased demand 
for jewelry and investment items, such as 
small bars for delivery in the Middle East 
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and the Far East. Fabrication in karat 
jewelry rose 83%. Sales of South African 
krugerrand gold coins containing 1 troy 
ounce per coin declined to 3.0 million 
ounces content compared with 4.7 million 
ounces in 1975. To expand sales, Inter- 
national Gold Corp., the krugerrand mar- 
keting agency, launched a major advertis- 
ing campaign. Private bullion purchases, 
excluding coins, were estimated to have 
dropped sharply to 2.9 million ounces from 
5.8 million ounces in 1975. U.S. Treasury 
Stocks of gold were lower at yearend owing 
to use of gold in Bicentennial medals, which 
were sold by the American Revolution Bi- 
centennial Administration and manufac- 
tured by the Bureau of the Mint. Gold 
content of the medals sold was 22,756 
ounces, and sales, which were by subscrip- 
tion, totaled $6.8 million. The Royal Canad- 
ian Mint issued two gold coins in commem- 
oration of the Olympic Games consuming 
about 0.34 million ounces of fine gold in 1 
million coins. 


Table 1.—Salient gold statistics 
1972 1973 1974 1975 1976 
United States: 
Mine production _ thousand Hoy coe E 1,450 1,176 1,127 1,052 1, 
uses usanda _ $84,967 $115,000 $180, 009 $169, 92 $131,840 
Ore (dry and siliceous) produced: 
Gold ore thousand short tons 8,316 4,715 4,598 5,122 8,063 
Gold- silver ore do- 173 124 66 187 1,027 
Silver orte do... 855 870 560 1672 651 
Percentage derived from: 
Dry and siliceous ores 58 52 58 62 61 
Base- metal o res - 41 47 41 36 86 
Placere rt 1 1 1 2 8 
Refinery production:! 
do ores 
33 thousand troy ounces. _ 1,478 1,210 1,021 1,093 954 
Secondary _ - -- --------—- do... 2,107 1,779 1,926 2,696 2,504 
Commercial do— 766 601 570 2, 689 2,879 
Government "OON 706 2,884 8,293 807 652 
Total ——— u et do_ _ _ _ 1,472 2,985 8,863 8,496 8,531 
Im general do- 6,126 3,845 2, 651 2,662 2,656 
Gold contained in imported coins_ .. _ do_ _ _ _ Lo MN 8,090 1,073 1,933 
Sales from foreign stocks in Federal 
Reserve Bank do— eM 1,704 2,144 577 2,125 
Stocks, Dec. 31: 
Monetary milliona. _ $10,487 $11,652 $11,652 $11,599 $11,598 
Industrial* |... thousand troy ounces. _ 4,407 4,498 5,670 788 928 
Consumption in industry and the 
ανω m ! ! 8 7,285 6,729 4,651 8,993 4,648 
us Price: Average per troy ounce te $58.60 $97.81 $159.74 $161.49 $125.82 
orld: 
Production thousand troy ounces_ _ 44,843 43,291 740,124 788, 676 89,822 
ial reserves 1844, 747 1849, 664 1849,614 849,550 $49, 188 


r Revised. 
en Wee ores—U.S. Department of the Treasury, 1972-74, and Bureau of Mines, 1975 and 1976. 
coins. 
Gold valued at $88 per troy ounce in 1972, and $42.22 per ounce 1973-76. Includes gold in Exchange Stabilization 


tent of all products in stocks held 


*Gold con man 
1915 and 1916 (excludes trading stocks). Stocks | by manuta 


Industries quotations. 
omnes 


ounce in 1978-76. 


ufacturers, and refiners, 1972-74; gold content of τα only in 


of 1978 amounted to 1,896, 000 ounces of bullion 


market economy central banks and governments; gold valued at $38 per troy ounce in 1972, and $42.22 per 
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Legislation and Government  Pro- 
grams.—Public Law 94-450, The Gold 
Labeling Act of 1976, which amended the 
Act of June 18, 1906, and reduced permiss- 
ible deviation in gold content of articles 
made in whole or part of gold, was signed 
October 1, 1976. The tolerance was reduced 
from 1/2 of 1 karat to 3 parts per thousand 
for most articles, or if soldered, to 7 parts 
per thousand. The Act was to take effect 5 
years after the date of enactment and was 
not to apply with respect to any article of 
merchandise sold by any manufacturer or 
importer before the effective date of Octo- 


ber 1, 1981. The purpose of the act was to 


assist the domestic industry to meet the 
requirements of foreign countries, thereby 
increasing U.S. exports. A major U.S. sup- 
plier to the jewelry industry announced it 
would entirely remove tolerances from its 
gold products as of January 1, 1977. 

The U.S. Customs Service issued a state- 
ment repealing parts of the Gold Reserve 
Act of 1984 in conformance with current 
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public laws.* The section repealed applied to 
a provision that importation and exporta- 
tion were governed by laws administered by 
the Department of the Treasury. Public 
laws that went into effect December 31, 
1974, say that no provision of any law, and 
no rule, regulation, or order in effect on 
that date may be construed to prohibit any 
person from purchasing, holding, selling, or 
otherwise dealing with gold in the United 
States or abroad. 

The Commodity Futures Trading Com- 
mission voted to permit continued trading 
of leverage contracts in gold and silver 


bullion and coins while it drafted more 


stringent regulations on such trading. The 
Commission released a study of leverage 
transactions and proposed a number of 
restrictions it might impose in accordance 
with its authority which is specified in the 
Commodity Futures Trading Act of 1974. 
Several proposals to establish gold bullion 
options trading markets were delayed pend- 
ing actions by the Commission. 


DOMESTIC PRODUCTION 


Closure of the Cortez mine in Nevada 


resulted in a 18% drop in Nevada pro- 
duction; however, increases in output from 
the Homestake mine in South Dakota, a 
placer operation at Nome, Alaska, and cop- 
per mines in Arizona and Montana offset 
most of the drop, and U.S. production was 
only slightly below that of 1975. Byproduct 
production supplied 36% of all primary gold 
output, the same as in 1975, and most of this 
was from copper ores mainly mined by open 
pit methods. Placer gold production rose 
from 2% to 3% of the total output in 1976 as 
a result of increased dredging at Nome. 
Alaskan sources provided 82% of the placer 
total 


Five leading producers accounted for 68% 
of U.S. production. These were Homestake 
Mining Co., Carlin Gold Mining Co., Ken- 
necott Copper Corp., Standard Metals Corp., 
and Duval Corp. Operations in the list of 25 
leading mines (table 5) supplied 9596 of all 
production, and a large number of mines 
provided the remaining 5% which amount- 
ed to 55,752 ounces. Lode mines reporting 


gold as a principal product totaled 74, and 
asa byproduct, 100. Placer mines totaled 49, 
the same as in 1975. California and Colora- 
do placer preduction included gold recove- 
red at sand and gravel producing plants. 
Cyanidation was used in recovering 56% of 
all gold, and mercury amalgamation, 2%; 
40% of all gold came from 5.9 million tons 
of smelted concentrates. Mills treated 290.6 
million tons of ore, but most of this was 
copper ore in which gold was a minor 
constituent. 

Gold refiners reported production of 3.58 
million ounces of refined bullion, 11% less 
than in 1975 (table 10). Domestic ores and 
concentrates supplied 27% of the total re- 
fined, and 3% was contained in imported 
ores and concentrates. Scrap provided the 
remainder with the contribution from new 
scrap exceeding that from the old scrap. 
The total amount reported from scrap was 
του lower than in 1975. 


Federal Register. Rules and Regulations, Title 19 - 
Customs Duties, Chap. 1, U. S. Customs Service, 
ment of the Treasury. V. 41, No. 11, Jan. 16, 1976, p. 
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Figure 1.—Sources of U.S. gold production. 


The ASARCO, Inc. Perth Amboy, N. J., 
refinery was closed in March 1976 and 
remaining gold refining operations were 
transferred to the company's new illo, 
Tex. plant. AMAX Inc. produced 716,450 
ounces of refined bullion at its Carteret, N. 
J., refinery in 1976, 15% less than in 1975. 
Homestake Mining Co. refined all its own 
production, which was up 496 in 1976, and 
refined some purchased or tolled material 
at its Lead, S. Dak., refinery. A number of 
secondary refiners were active in scrap 
processing. 

Homestake Mining Co. reported an oper- 
ating loss of $1.5 million in 1976 compared 
with $13.9 million operating earnings in 
1975. In 1976, gold bullion sales were valued 
at $39.8 million from its Lead, S. Dak., 
mine. The average price realized from gold 
sales was $124.71 per ounce compared with 
$163.58 in 1975. Production was reported at 
318,487 ounces from 1.66 million tons of ore, 
with an average recovery grade of 0.192 
ounce per ton, slightly less than the 0.207 
ounce figure in 1975. Gold recovery was 
95.1%. Mine production came mainly from 
cut and fill stopes on the 7, 9, 11, 13, 19, and 
21 ledges above the 6,800 level. Several 
shrinkage stopes and a blast hole stope 
located on the 2,300 level also contributed. 
The company completed 74,000 feet of un- 
derground exploration drilling above the 
6,800 level and found additional ore in the 
12 and 19 to 21 ledge areas. Ore reserves 
totaled 14.3 million tons averaging 0.229 
ounce per ton at yearend 1976 versus 15.3 
million tons averaging 0.264 ounce per ton 


in 1975. Construction of a new tailings dam 
and pumping system for pollution control 
was 8096 complete at yearend. A 3-year 
labor agreement was signed in mid-1976. 

The Carlin Gold Mining Co., owned by 
Newmont Mining Corp. reported pro- 
duction of 208,000 ounces of gold from 
861,000 tons of ore milled in 1976; the grade 
averaged 0.272 ounce per ton. Pruduction 
was down 2% from that in 1975, and grade 
was down from 0.292 ounce per ton. The 
tonnage of ore and waste mined more than 
doubled to 12.6 million tons because of 
modifications to open pit designs in reach- 
ing for deep ore under the main Carlin Pit. 
Production was mostly from the Carlin 
mine but included 136,731 tons averaging 
0.093 ounce per ton from the Blue Star mine 
and 129,700 tons from the Bootstrap mine. 
Sales were valued at $25.9 million in 1976, 
22% lower than in 1975. Ore reserves at the 
end of 1976, excluding 700,000 tons of high 
carbon material still under evaluation, to- 
taled 5.27 million tons averaging 0.208 
ounce per ton compared with 5.0 million 
tons averaging 0.221 ounce per ton at the 
end of 1975. Also, 0.8 million tons of 0.025 
ounce per ton material was stockpiled from 
the Blue Star and Bootstrap mines for 
possible future extraction. A new double- 
oxidation cyanide process was developed for 
treating refractory carbonaceous ores, and 
additional chlorine leaching equipment was 
installed. 

Cortez Gold Mines closed its Cortez mill 
in August 1976 after exhausting ore re- 
serves at the Cortez and Gold Acres mines. 


GOLD 


Only 9,000 ounces of gold was produced by 
milling, but an additional 18,700 ounces was 
produced by heap leaching. This compared 
with 48,500 ounces by milling and 25,400 
ounces by leaching in 1975. Recovery of 
milled gold was down slightly to 77% and 
grade averaged 0.084 ounce per ton. Mining 
equipment was sold in September and most 
of the mill was '"mothballed" pending fur- 
ther exploration. 

At Republic, Wash., Day Mines, Inc. nego- 
tiated to acquire the Knob Hill Mines, Inc. 
property and facilities and planned further 
exploration. Day Mines produced 3,379 tons 
of ore averaging 0.643 ounce of gold per ton 
and 1.62 ounce of silver per ton from its 
Gold Dollar Lease, and its share of the No. 3 
joint operation with Knob Hill was 6,890 
tons averaging 0.441 ounce of gold per ton 
and 2.27 ounce of silver per ton. 

Alaska Gold Co., owned by UV Industries, 
Inc., operated its No. 5 bucketline dredge at 
Nome and reequipped a second dredge lo- 
cated near the Nome airport. The com- 

pany' s smaller bucketline dredge at Hogat- 
za in the Fairbanks area was idle. North- 
gate Exploration Ltd. and Westfield Mine- 
rals Ltd. drilled from ice flows to test 
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offshore gold placer possibilities near the 
mouth of Daniels Creek, Alaska. ASARCO 
held leases to offshore gold deposits near 
Nome, Alaska, awaiting higher gold prices. 

Bucketline dredging at the Yuba Gold- 
fields Inc. property, Hammonton, Calif., was 
suspended in early 1976 because of inade- 
quate returns. The unit had produced 5,600 
ounces since startup in May 1975. Earth 
Resources Co. expected to begin silver-gold 
cyanide leaching at Delamar, Idaho, in 
early 1977. The property was scheduled to 
produce 15,000 ounces of gold annually, 
treating 1,700 tons of ore per day. Placer 
Amex Inc. terminated an agreement with 
Nevex Mines to explore and develop Ne- 
vex's Thunder Mountain, Idaho, gold pro- 
perties. Ores generally containing 0.1 ounce 
of gold per ton were found during the 
project. Kennecott Copper Corp. shipped 
dump material and did development work 
on its Mammoth gold mine in the Tintic 
district of Utah. Smoky Valley Mining Co. 
rescheduled startup of a major heap leach 
gold facility at Round Mountain, Nev., de- 
laying initial production until 1977. Stand- 
ard Slag Co.’s new Atlanta mine in Nevada 
produced at capacity during 1976. 


CONSUMPTION AND USES 


U.S. consumption of gold in industry and 
arts, based on conversion of bullion into 
primary products, totaled 4.65 million 
ounces in 1976, 16% higher than in 1975. 
Consumption by end use was as follows, in 
thousand ounces (with 1975 figures in pa- 
rentheses): Jewelry and arts, 2,562 (2,080); 
dental, 694 (595); industrial, 1,233 (1,059); 
and investment products, 159 (258). Jewelry 
and arts accounted for 55% of consumption; 
dental, 15%; industrial, 27%; and invest- 
ment products, 3%. An estimated 66% of all 
gold went into products containing over 
40% gold by weight (karat golds, dental 
alloys, investment products), the same as in 
1975; 15% was used in electroplated pro- 
ducts, and the rest went into rolled, gold- 
filled, and other forms of preducts. U.S. 
consumers also purchased gold in the form 
of imported gold coins, generally 900 fine or 
better, amounting to 1.33 million ounces 
content, 20% less than in 1975. 

Gonerally, less effort was reported in 
reducing use of gold in 1976 owing to price 
declines, although research and application 


of more efficient fabrication techniques con- 
tinued at a high level. Jewelers reported 
sales increases in 14-karat and gold-filled 
products surpassing those in more expen- 
sive items. Two-tone gold was said to be 
increasingly popular. Scrap refiners indica- 
ted reduced values of gold in electronic 
scrap and increased silver owing to more 
widespread silver-plating as a substitute for 
gold. Gold was reported to be “holding its 
own" in the electronic connector industry— 
despite efforts at substitution—owing to its 
outstanding properties in connecting such 
items as circuit boards.* Goldless tin alloy 
connectors were reported to have made 
market inroads, but the trend may have 
been reversed.“ Select:ve and thinner plat- 
ing and the use of smaller plated dots for 
contact points led to more efficient use of 
gold by many firms. The thick fiber process 


*Wind, W. J. Connector Maker Backs Gold. Am. Met. 
Market, v. 82, No. 221, Nov. 12, 1976, p. 19. 

SLarson, R. Substitutes Frustrate Electronics 
Am. Met. Market, v. 82, No. 221, Nov. 12, 1976, p. 17. 
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Figure 2.—Gold consumption in the United States. 


of applying gold to various kinds of elec- 
tronic parts was described, and the possible 
eventual substitution of thick-fiber copper 
pastes was suggested.* Palladium-gold con- 
ductors were compared with pure gold con- 
ductors for performance characteristics. 
Inlay-clad gold was used increasingly as an 
alternative to electrodeposited gold in 
electronics, with particular interest shown 
by telephone equipment manufacturers. An 


excellent description of the properties of 
inlay-clad products was published.“ A grow- 
ing and significant portion of dental alloys 
was being converted to nongold products or 
alloys of lower gold content. A large manu- 
facturer expanded its line of full karat gold 
solders to assist users in complying with 
requirements of the New Gold Act requi- 
ring jewelry manufacturers to meet more 
exacting standards in 1981.* 


STOCKS 


Monetary.—U.S. Treasury gold stocks 
were valued at $11,598 million at yearend 
1976, $1 million lower than at yearend 1975, 
and amounted to 274.70 million ounces. 
Monetary gold stocks remained officially 
valued at $42.22 per troy ounce, but no gold 
was bought or sold at that price. Earmarked 
gold held in Federal Reserve Banks for 
foreign official accounts amounted to 388.77 
million ounces, down 7.84 million ounces 
from yearend 1975. Gold went to both 
domostic and export markets. Movements 
out of the Federal Reserve Bank included 
3.9 million ounces sold and delivered from 
IMF stocks. The Federal Reserve Bank 
discontinued its series of statistics on world 
monetary stocks of gold. 

The IMF reported world gold reserves in 
the IMF and central banks, exclusive of 
centrally planned economies, at yearend 


1976 as 40,788 million Special Drawing 
Rights (SDR’s) (85 SDR’s equivalent to 1 
ounce of gold). IMF holdings amounted to 
5,233 million SDR’s. Industrial countries 
held 84% of the gold of all countries. Gold 
held by the IMF declined 3% during 1976 as 
a result of the gold sales. 

Industrial and Trading Stocks.—Indus- 
trial stocks of 995 fine or better gold held by 
refiners, fabricators, and dealers at yearend 
totaled 928,000 ounces, 18% higher than at 
yearend 1975. Trading stocks, held mainly 
by COMEX and IMM, totaled an estimated 
0.3 million ounces compared with 0.5 mil- 
lion ounces at yearend 1975. Yearend 1976 
Stocks registered and eligible for trad- 


*Caley, R. H. Gold in Thick-Film Conductors. Gold Bull., 
v. 9, No: $. July 1976, pp. 70-75. 

"Russell, R. J. Inlay-Clad Gold Alloys: Gold Bull., v. 9, 
No. 1, January 1976, pp. 2-6. 

$ American Metal Market. H & H Broadening Line of 
Full-Karat Gold Solder. V. 84, No. 67, Apr. 6, 1977, p. 8. 
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ing by COMEX were 292,099 ounces; those 
in the IMM totaled 317,986 ounces (in- 
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cludes most of COMEX stocks also); the 
Chicago Board of Trade held 15,914 ounces. 


$42.22 /oz. 
$38 /oz. 


$35 /oz. 


(market economies) 


40 


30 


GOLD VALUE, billion dollars 


20 


Other market economies 


United States 


10 


a — — μ.ο 


International monetary fund ——7 


p "ο ο s am P 


1960 1965 


1970 197 5 1980 


Figure 3.—World monetary gold stocks. 


PRICES 


Prices for unfabricated gold, quoted daily 
by Engelhard Industries, began the year at 
$140.85, the high for the year, and declined 
to a low of $103.50 on August 30. Thereafter, 
daily prices rese ending the year at $135.25. 
Except in March, monthly prices declined 
until August, thereafter they rose and were 
the highest for the year at $134.38 in 
December. Monthly prices showed the 
greatest stability from February through 
June when monthly ranges from high to 
low were less than $6. In July, after the IMF 
began selling gold, the range jumped to 
$15.55. In. November the range reached 
$16.25, then dropped to $7.15 in December. 


The average price for the year was $125.32 
compared with $161.49 in 1975. London 
final prices generally were 50 cents lower 
than Engelhard Industries prices and aver- 
aged $124.84 in 1976. Most central banks 
continued to value gold at an official price 
of $42.22 per ounce but made no sales or 
exchanges at that price. The IMF had a 
different official price, based on changes in 
value of a “basket” of currencies of major 
trading countries, and IMF goid was valued 
at 35 SDR's per ounce, which was equiva- 
lent to $40.66 per ounce at the arithmetical 
average of $1.16183 per SDR for 1976. 


FOREIGN TRADE 


Domestic exports of gold totaled 3.53 mil- 
lion ounces valued at $375.0 million in 1976, 
and of these exports, 0.65 million ounces 
valued at $27.5 million was monetary gold. 


This gold went to Switzerland (0.62 million 
ounces) and Poland (0.03 million ounces). 
Exports of nonmonetary refined bullion to- 
taled 2.54 million ounces valued at $305.89 
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Table 2.—U.S. monthly gold selling prices, per troy ounce 


Month 


Source: Englehard Industries. 


million. Major nonmonetary exports by des- 
tination and quantity were, in million 
ounces: The United Kingdom, 1.46; Switzer- 
land, 1.20; Canada, 0.19; and West Ger- 
many, 0.11. The remainder of the gold 
exported was scrap and base bullion amoun- 
ting to 0.34 million ounces valued at $41.6 
million mainly going to Belgium (40%) and 
the United Kingdom (33%). 

Gold imports totaled 2.66 million ounces 
valued at $331.0 million and consisted of 
2.49 million ounces of refined bullion valued 
at $311 million, and 0.17 million ounces in 
ore, scrap, and base bullion valued at $20 
million. Imports were 6095 from Canada, 
14% from Switzerland, 4% each from Ar- 
gentina, Japan, the U.S.S.R., and Yugosla- 
via, and 1096 from other countries. The 
average valuation of refined bullion imports 
was $124.92 per ounce. Gold contained in 
unrefined imports amounted to 166,312 


1976 
Average Low High 
" $131.99 $125.10 $140.85 
ii 131. 129. 133. 
r3 133. 129. 134.75 
s 128.43 127.70 129.70 
2 121. 125.00 128.95 
x 126.21 124.20 127. 
A 118.00 108.25 123.80 
= 110.09 103.05 114.05 
a 114.67 106.20 120. 
2 116.64 114.50 123.65 
E 131.38 123.10 139. 
a 134. 131.00 138.15 
€ 125.32 103.05 140.85 


ounces, 65% in ore and 35% in scrap and 
base bullion. Ores came from the Philip- 
pines (87%), Canada (81%), Australia (10%), 
and eight other countries (2296). Scrap and 
base bullion came from Canada (17%), Nica- 
ragua (15%), Singapore (13%), Venezuela 
(12%), and 23 other countries (43%). In 
addition, an estimated 1.33 million ounces 
was imported in the form of gold coins 
compared with 1.67 million ounces in 1975. 
In addition to imports, the gold markets 
were supplied with 2.13 million ounces of 
bullion from foreign government stocks on 
deposit at the Federal Reserve Bank in New 
York City. 

The net inflow of gold to U.S. markets, 
exclusive of monetary movements but inclu- 
ding supplies from foreign and IMF stocks 
in New York, amounted to 4.99 million 
ounces in 1976 compared with 0.55 million 
ounces in 1975. 


Note: Chart includes monetary movements of gold; also includes 
as imports sales of gold in 197 6 from foreign government 
stocks on deposit at Federal Bank, New York. 
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Figure 4. —Net exports or imports of gold. 


WORLD REVIEW 


Despite a 196 drop in gold production in 
the Republic of South Africa, world pro- 


duction was higher in 1976, with increases 


in byproduct production generally and in 
output from the U.S. S. R. and the Domini- 
can Republic. Available information on the 


GOLD 


U.S.S.R. mining indicated that lode mines 
.. were contributing most of the increase and 
placer mining may have had some setbacks. 
A new mine, the Pueblo Viejo, in the 
Dominican Republic, operated at capacity 
during the year and expansion was planned. 
The Pueblo Viejo became the Western Hem- 
isphere's largest gold producer, exceeding 
the output of the Homestake mine in South 
Dakota by 3096. 

According to the annual review of Con- 
solidated Gold Fields Ltd., Gold 1977, the 
supply of gold to free markets increased 
29% to 46.6 million ounces in 1976. Net 
bullion purchases for private speculation 
and investment amounted to 2.9 million 
ounces in 1976, about half that in 1975. 
Centrally-planned economies supplied 13.2 
million ounces through trading, nearly tri- 
ple the 1975 amount. Official sales and 
purchases netted 2.3 million ounces to sup- 
plies compared with 0.5 million ounces in 
1975. An exceptional increase in imports of 
gold bullion and jewelry into the Middle 
East was reported, amounting to an esti- 
mated 12.9 million ounces in bullion and 2.6 
million ounces in jewelry in 1976. The large 
offtake was explained by the great expan- 
sion in purchasing power throughout the 
Middle East area. In December, the United 
Kingdom reported receipt of 2.6 million 
ounces of gold bullion from the People's 
Republic of China, believed to have been 
Shipped primarily to obtain foreign ex- 
change. Net purchases of gold for fabrica- 
tion were broken down into the following 
categories (with revised 1975 figures for 
comparison in parentheses) in million 
ounces: Karat jewelry, 30.1 (16.4); elec- 
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tronics, 2.3 (2.1); dentistry, 2.3 (2.1); other 
industrial and decorative uses, 2.0 (1.8); 
medals, medallions, and counterfeit coins, 
1.8 (0.6); and official coins, 5.7 (7.8). Pur- 
chases for fabrication were also classified as 
follows, in million ounces: Developed count- 
ries, 26.5 (22.6) and developing coun- 
tries, 17.2 (8.1). The leading countries in 
gold fabrication were as follows, in million 
troy ounces: Italy, 6.1 (2.6); the United 
States, 4.4 (8.8); Turkey, 3.7 (1.8); the Repub- 
lic of South Africa, 3.0 (5.6); Japan, 2.9 (2.4); 
West Germany, 2.2 (1.8); Iran, 1.9 (0.9); 
Spain, 1.6 (1.4); Saudi Arabia and Yemen, 
1.3 (0.4; Kuwait and Arabian Gulf States, 
1.8 (0.5); France, 1.2 (1.1); Indonesia, 1.1 (0.5); 
and India, 1.1 (0.8). Gold used in official 
coins in 1976 was estimated to have declin- 
ed 27% to 5.7 million ounces. Use in coins 
declined 48% to 2.9 million ounces in the 
Republic of South Africa, tripled to 0.9 
million ounces in Austria, rose 46% to 0.5 
million ounces in Mexico, and rose 6% to 0.5 
million ounces in Turkey. A large increase 
in demand for small gold bars was indicated 
in the Far East. Italy was the largest 
consumer of gold in karat jewelry (5.69 
million ounces), followed by Turkey (3.24 
million ounces); Japan was the largest in 
electronics (0.74 million ounces), followed by 
the United States (0.70 million ounces); and 
the United States was largest in dental use 
(0.65 million ounces) and in other industrial 
and decorative uses (0.88 million ounces). 
Kuwait was the major consumer in medals 
and medallions (0.51 million ounces). 

Following is a brief review of gold activi- 
ties by country: 
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Figure 5.—World production of gold. 
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Australia.— Production continued to de- 
cline in 1976, with several major mines 
closing or about to close because of costs and 
a price drop in gold. Removal of a gold 
mining tax exemption was delayed, and the 
Industries Assistance Commission was ask- 
ed to report by March 31, 1977, on the need 
to make changes in aid available to gold 
producers. The Australian Government 
reintroduced accelerated writeoffs for min- 
ing firms which was expected to benefit gold 
development. Projects were also made more 
attractive to overseas investment by a 
i. Jie devaluation of Australia's dollar in 
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Operations of Kalgoorlie Lake View Pty. 5 
Ltd. were scheduled for closing in Novem- 
ber 1976, and the Mt. Charlotte mine was to 
be placed on care and maintenance. This 
was despite the purchase of a 48% interest 
in the firm in December 1975 by Homestake 
Mining Co. (United States) to infuse addi- 
tional funds. During the financial year en- 
ding June 30, 1976, the operations produced 
20% less ore, but at a 9% higher grade, 
than in the corresponding period a year 
earlier. Α cleanup of the Chaffers treatment 
plant provided 7,162 ounces. The net result 
after milling was a 19960 drop in gold pro- 
duction. Proved ore reserves reported in 
mid-1975 were 5.2 million tons grading 0.17 
ounce per ton. Of this 63% was free-milling 
and the rest was refractory. At yearend, a 
plan was under consideration to rejuvenate 
the Mt. Charlotte mine with a $3 million 
investment in plant modifications, and clo- 
sure was delayed. 

Western Mining Corp. continued oper- 
ations at the Norseman gold mine where 
high-grade ores remained profitable even at 
lower gold prices. Further exploration at 
the Jabiluka gold-uranium property of Pan- 
continental Mining Ltd. and Getty Oil 
Development Co. disclosed an ore body of 
0.45 million tons indicated reserves averag- 
ing 0.47 ounce per ton and an additional 
0.18 million tons inferred averaging 0.36 
ounce per ton. Metallurgical tests showed 
96% recovery was possible. Australian 
Anglo-American Pty., Ltd. began pro- 
duction at its Blue Spec mine in the Pilbara 
region of Western Australia in mid-1976. 
Most of the gold was said to occur in auro- 
Stibnite, an antimonial gold-arsenic com- 
pound that is metallurgically difficult to 
treat. About 88,000 tons of ore grading 1.34 
ounces per ton of gold and 4.6% antimony 
were proven and further underground ex- 
ploration was in progress.  Devel- 
opment of the Telfer mine by Newmont Pty. 
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(70%) and Dampier Mining Co. Ltd. (9090) 
was interrupted at midyear by a strike. The 
$85 million project was scheduled for com- 
pletion in early 1977. The deposit, in the 
Paterson Range east of Port Hedland, West- 
ern Australia, had reserves of 4.2 million 
tons averaging 0.28 ounce per ton in gold, 
available by open pit mining. 

Austria.—On October 22, Austria issued 
its first new gold coin in nearly 40 years and 
sold out the entire 1 million coin issue the 
same day. The fine gold content of the 900 
fine coin was 0.434 troy ounce, and its face 
value was 1,000 shillings (about $58.00). 

Bolivia.—Much of Bolivia's potential gold 
producing areas remained under Gevern- 
ment control and unexploited as a “fiscal 
reserve.” Production was increased with 
almost all of the increase coming from 
placer mining on the Tipuani and Kaka 
Rivers. The Tipuani was mined in the mid- 
dle and upper reaches by gold mining coop- 
eratives and by a dredge operation of South 
American Placers Inc. at the junction of the 
Tipuani and Kaka Rivers. Existing conces- 
sions were nearing depletion. The Banco 
Minero purchased gold from cooperatives 
and individual miners and sold it to jewel- 
ers and the Central Bank. Bolivia’s Central 
Bank reserves at the start of 1976 were 
409,499 fine ounces, 93% held in Bolivia. 
The Bolivian Geological Service began a 
2-year exploration program on the Tuichi 
River in the Apolo area, Franz Tamayo 
sector of the Department of LaPaz, utilizing 
West German technical and financial assist- 
ance. New Jersey Zinc Co. was engaged in a 
joint venture on the mid-Tipuani River with 
El Camino Mines Ltd. (Canada); S. J. Groves 
Co. was developing a property on the lower 
Illichi River. 

Brazil.—Ore reserves in Brazil contain 
an estimated 1.8 million ounces of gold, 
according to Government sources, about 
two-thirds in deposits in Minas Gerais. Pro- 
duction by Mineracáo Morro Velho S.A., 
owned by Anglo-American Corp. of South 
Africa Ltd. (49%) and Calmi Co. (51%), was 
scheduled to increase from 40,000 to 50,000 
tons per month. A long term expansion was 
dependent on reevaluation of reserves. The 
ore grade was 0.225 ounce per ton. 

British Solomon Islands.— The gold con- 
tent of copper concentrates shipped from 
Bougainville in early 1976 was 1.05 ounces 
per ton. 

Cameroon.—The source of placer gold in 
eastern Cameroon was to be investigated 
under a contract approved by the National 
Assembly. 


GOLD 


Canada.—Gold production rose for the 
first time since 1961 and was 1.69 million 
ounces valued at $207.8 million in 1976 
compared with 1.65 million ounces and 
$210.8 million in 1975. Higher grade ore was 
produced at a few lode mines as a necessity 
because of the drop in gold prices during the 
year, and some marginal gold mines were 
either closed or forced to reassess their 
financial positions. At yearend, 22 gold 
mines were active accounting for 7396 of 
production. During the year two new mines 
opened and two mines closed. Canada's 
Emergency Gold Mining Assistance Act ex- 
pired on June 30, 1976. It had become 
ineffective at higher prices. Minting of 
legal-tender gold coins was permitted under 
an amendment to the Olympic (1976) Act, 
and 14 and 22 karat coins were minted for 
sale at $105 and $150. The issue was limited 
to 1 million pieces. 

According to preliminary data, gold out- 
put by Province, in thousand ounces (with 
percent change from 1975 in parentheses), 
was: Ontario, 734 (down 896); Quebec, 474 
(up 496); Northwest Territories, 188 (up 7%); 
British Columbia, 177 (up 13%); Manitoba, 
46 (down 496); Yukon Territory, 31 (down 
890) Saskatchewan, 19 (up 30%); New- 
foundland, 18 (unchanged); New Brunswick, 
4 (up 1896); Alberta and Nova Scotia, minor 
production. Quartz lode and placer deposits 
supplied nearly 75% of all primary gold. 
Placer mining was a minor contributor and 
took place in the Yukon and British Colum- 
bia. 

In Ontario, the source of 44% of Canadian 
gold in 1976, the Provincial Government 
sought Federal aid for gold mines in finan- 
cial trouble owing to low gold prices. Eight 
out of 10 of Ontario's producing mines were 
in jeopardy, threatening 2,500 jobs. Pamour 
Porcupine Mines Ltd. planned to phase out 
lower grade operations at its five producing 
mines in the Timmins area, northern On- 
tario. Although Pamour's production rose 
in the first half of 1976, losses also rose and 
totaled $2.5 ren for that period. At the 
beginning of ore reserves were 4.2 
million ecd d 0.04 to 0.22 ounce of 
gold per ton. Plans were made to close the 
Ross mill and to center milling at the 
Schumacher mill. Bulora Corp. planned to 
close its Madsen mine at Red Lake because 
of mounting costs. Dickenson Mines investi- 
gated a significant new ore occurrence be- 
low the 30th level on the Dickenson and 
Robin properties in the Red Lake district 
and made smelter improvements. Rengold 
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Mines Ltd. brought the Renabie gold mine 
into production in January but closed it in 
June because of financial problems. North- 
east of Timmins, Intex Mining Co. Ltd. 
explored two gold-bearing zones averaging 
about 0.2 ounce per ton. Amoco Canada 
Petroleum Co. planned to drive a 2,500-foot 
decline, crosscut 1,000 feet, and perform 
20,000 feet of diamond drilling at its Detour 
Lake gold discovery in northeastern On- 
tario. Previous drilling of 136,000 feet in 
129 holes outlined 10 million tons of ore 
expected to average 0.204 ounce per ton 
milling grade. Campbell Red Lake Mines, 
one of Canada’s most profitable gold mines, 
produced 133,971 ounces from 225,000 tons 
of ore in the first 9 months of 1976, versus 
133,990 ounces from 222,196 tons of ore in 
the comparable period in 1975. Net income 
for 1976 was $7.2 million compared with 
$11.1 million in 1975, and operating costs 
were reported at $47.02 per ounce, up 17.5% 
for the year. 

In Quebec, Sigma Mines (Quebec) Ltd. 
produced 16,453 ounces of gold from 109,878 
tons of ore milled during the third quarter 
of 1976. Camflo Mines Ltd. deferred explor- 
ation and development in favor of complet- 
ing mill expansion and shaft sinking. In the 
first half of 1976, Camflo bullion production 
rose to 46,230 ounces from 228,633 tons of 
ore, and operating costs rose 15% to $59.85 
per ounce compared with the first half of 
1975. East Malartic Mines Ltd. production 
rose to a record 55,000 tons per month, and 
costs were reduced to $103.44 per ounce 
of gold. The company was preparing 
to reopen the Barnat mine. Teck Corp.’s 
Lamaque mine was phasing out operations. 
Belmoral Mines Ltd. planned production 
from the B zone at its Val d’Or, Quebec gold 
property where ore reserves were on the 
order of 1 million tons averaging 0.18 
ounce per ton. Quebec Sturgeon River 
Mines Ltd. suspended work on potential 
new operations at Bachelor Lake, north- 
western Quebec, and in Stock Township, 
northern Ontario, because of a shortage of 
cash to finance activities. 

In the Northwest Territories, Giant Yel- 
lowknife Mines Ltd. reduced spending, low- 
ered production costs, and increased output 
to 54,078 ounces during the first half of 
1976, 17% above that of the comparable 
1975 period. Exploration was cut in half. A 
net loss of $633,000 was reported in the first 
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half of 1976. Cominco Ltd. settled a long 
Strike at its Con gold mine at Yellowknife 
and continued an expansion program. Ray- 
rock Mines Ltd. announced postponement 
of development at its Camlaren gold proper- 
ty near Yellowknife because of rising costs. 
In British Columbia, Northair Mines Ltd. 
began production near Brandywine Falls 
and milled about 300 tons of ore per day. 
Mill heads averaged nearly 0.4 ounce of gold 
per ton in May. During October, 4,800 
ounces of gold was produced and mill recov- 
ery rates had reached 88% of gold in the 
ore. Claymore Resources reported pilot pro- 
duction of 300 to 500 cubic yards per day at 
its Laduc River district gold placer proper- 
ties on the Alaska-Yukon border. Samples 
from one area on Kenyon Creek were said 
to average $20 per yard over a 6-foot thick- 


ness. 

Chile.—St. Joe Minerals Corp. was de- 
veloping a gold property at El Indio in the 
Coquimbo area. Arsenic in the ore was 
expected to be a problem. 

Colombia.—Frontino Gold Mining Co., 
owner of the Vera, Cecilia, and Silencio gold 
mines, declared bankruptcy in late 1976 
after reporting an expected $2 million loss 
for the year. Mineros de Antioquia S.A. 
(formerly Pato Gold Dredging Co.) was plan- 
ning to purchase another dredge. Several 
small mines were opened in Narifio and 
Tolma. 

Costa Rica.—Aquacate Consolidated 
Mines planned to reopen the Sacra Familia 
and Compania gold mines in early 1977 
initially at 100 tons per day. Compania 
Minera Esperanza S.A., owned by Bulora 
Corp. Ltd. and Brafor Capital Corp., tempo- 
rarily suspended production at its gold 
property. 

Dominican Republic.—Rosario Resources 
Corp. and J. R. Simplot Co. reached agree- 
ment with the Deminican Republic Govern- 
ment in December 1976 to sell a 13% 
participation each in Rosario Dominicana, 
S.A., which operates the Pueblo Viejo gold 
mine in Sanchez Ramirez Province. Each 
company received $3.7 milion for their 
shares. Also, a new 5% mining tax was 
expected to be levied against net income 
from gold and silver mining. Plans to devel- 
op the adjoining Los Cacaos gold property 
were delayed pending further studies. The 
Pueblo Viejo mine produced at full capacity 
in 1976. Output in dore bullion was 413,788 
ounces of gold and 907,318 ounces of silver 
from ores averaging 0.155 ounce of gold and 
0.448 ounce of silver per ton. 
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India.—Indian gold production was en- 
tirely from public sector mines of Bharat 
Gold Mines Ltd., under control of the Indian 
Department of Mines and from the Hutti 
Gold Mines Co., Ltd., under control of the 
Karnataka State Government. India’s gold 
ore reserves have been estimated at 5.5 
million tons containing 1.47 million ounces, 
1896 in the Kolar gold fields and 22% in the 
Hutti deposits. New reserves were found in 
the Ramagiri gold fields, Anantpur district, 
Andhra Pradesh, and additional explora- 
tion was underway at the Mysore and 
Nundydroog gold mines. Bharat Gold Mines 
production costs were reported in 1974-75 at 
$196.55 per troy ounce, remaining about the 
same in 1976. The Indian Government 
purchased production at a much lower price 
but provided a mining subsidy, which in 
1975-76 amounted to $7.4 million. Gold was 
sold to domestic consumers at prices based 
on the Bombay market, which near the end 
of October 1976, were about $207 per ounce 
(exchange rate Indian Rs8.50=US$1.00). 
Smuggling of gold into India continued 
because of the spread between domestic and 
international prices.!* The Indian Geologi- 
cal Survey planned to acquire a ship from 
West Germany to use in exploring for gold 
on the ocean floor off the mouths of the 
Mahanadi and Subarnarekha Rivers in 
Orissa State and other rivers to the South. 

Indonesia.—A number of firms, mostly 
domestic, explored for gold in Sumatra, 
Kalimantan, and West Java. A subsidiary of 
Australian Endeaver Oil Co. explored in 
Gorontalo of North Sulawesi. P. N. Arneka 
Tambang explored an area in Central Su- 
matra near Logas and continued production 
of gold and silver at its Cikotok mine in 
West Java. A ban remained on gold exports, 
and imports faced a 30% duty. The gold 
content of copper concentrate exported 
from West Irian operations of Freeport 
Indonesia Ltd. averaged about 0.28 ounce 
per ton. 

Ivory Coast.—The Pennaroya Mokta con- 
sortium completed a study of the Ity gold 
mine where ores averaged about 0.35 ounce 
of gold per ton. 

Japan.—Consumption of gold was estima- 
ted in the fiscal year ending April 1976 at 
3.4 million ounces; 35% in jewelry, 11% in 
dental and medical uses, 13% in gold plat- 
ing, 9% in communication and machine 
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parts, 5% in industrial art preducts, and the 
rest in miscellaneous uses.!! 

Liberia.—Azuza Mining Co. ivestigated 
lode gold concessions on the Cavalla River, 
near the Ivory Coast border. Α $2 million 
investment in a mining operation was un- 
der consideration. 

Mali.—Technicians from the U.S.S.R. as- 
sisted in the construction of a gold mining 
facility at Kalma. Production was scheduled 
by yearend. 

Mexico.—Cia. Minera Las Torres S.A. 
began operation of a 2,000-ton-per-day mill 
at Guanajuato, Mexico, in March 1976 trea- 
ting silver-gold ores from the Las Torres, 
Peregrina, Cebada, and Bolanitos mines." 
The average ore grade was 12.2 ounces of 
silver and 0.08 ounce of gold per ton with 
metal recoveries averaging 90% for silver 
and 92% for gold. The company was owned 
30% by Lacana Mining Corp., 37% by Cia. 
rent ο S.A., and 33% Industrias Penoles 

.A. 

Nicaragua.—A 25-ton-per-day mill was 
under construction at the Santa Rosa gold- 
silver property of Minas de Cerro Dorado in 
eastern Nicaragua and expansion to 100 
tons per day was considered. The general 
ore grade was expected to range between 0.5 
and 1 ounce per ton in gold and 5 and 10 
ounces in silver. The company also was 
preparing for a small gold placer operation 
nearby. 

Papua New Guinea.—Bougainville Cop- 
per Ltd. produced virtually all the island's 
gold output as a byproduct of copper min- 
ing. Α small gravel pump and gold sluicing 
operation of New Guinea Goldfields was 
active on Edie Creek southwest of Wau. 
New Guinea Goldfields also operated a 
small open pit mine at Golden Ridge, north- 
west of Qau, where ore reserves of about 0.5 
million tons were estimated to grade 0.077 to 
0.09 ounce per ton. During the fiscal year 
ending June 30, 1976, the latter deposit 
produced 8,955 ounces of gold and 9,464 
ounces of silver. Exploration at the Ok Tedi 
copper deposit revealed an estimated 177 
million tons of copper ore (0.8% copper), 
containing 0.02 ounce per ton of gold and a 
small amount of molybdenum. A 40,000-ton- 
per-day operation was contemplated. 

Philippines.—The Philippines Central 
Bank's new gold refinery in Quezon City, 
Manila, was scheduled for completion by 
mid-May 1977. Refining capacity was plan- 
ned for 600,000 ounces of gold and 450,000 
ounces of silver annually. Benguet Consoli- 
dated, Inc, the largest gold producer, 
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reported average production costs of $148 
per ounce in the third quarter of 1976, $27 
per ounce higher than the comparable pe- 
riod of 1975, and indicated that it might 
cease operations because of mounting 
losses. Philippine gold producers sought a 
Government guarantee of $160 per ounce on 
their output, but late in 1976 the Govern- 
ment had not acted on a petition to reinsti- 
tute gold subsidies. However, the Governor 
of the Philippines Central Bank authorized 
creation of a Gold Market Committee to 
help establish a Domestic Gold Exchange. 
Atlas Consolidated Mining & Development 
Corp. planned to reactivate a gold mine at 
Aroroy, Masbate, and build a 3,000- to 4,000- 
ton-per-day mill facility. Apex Exploration 
and Mining Co. was expanding production 
capacity from 300 tons per day to a schedul- 
ed 1,000 tons per day in early 1977, based on 
discoveries in Masara, Davao. Metals Ex- 
ploration Asia completed feasibility studies 
on a potential 800-ton-per-day gold oper- 
ation near Longos, Paracale, where reserves 
of 1.8 million tons averaging 0.51 ounce of 
gold per ton were indicated by diamond 
drilling. Golden River Mining Corp. was 
building an 8,000-cubic-yard-per-day bucket 
dredge for its gold property in Paracale, 
southern Luzon, where placer reserves are 
estimated between 21 and 50 million cubic 
yards. 

Saudi Arabia.—A study by the U.S. Geo- 
logical Survey concluded that the Mahd adh 
Dhahab mining district between Mecca and 
Medina was an important source of the 
biblical King Solomon's gold.“ In Septem- 
ber, Gold Fields Mahd adh Dhahab Ltd., a 
Consolidated Gold Fields Ltd. subsidiary, 
obtained an exploration license from the 
Saudi Arabian Government to investigate 
the area in a joint venture with the General 
Petroleum and Mining Organization. 

South Africa, Republic of.—Gold output 
was virtually the same as in 1975 when 22.9 
million ounces was produced. All mine pro- 
duction was refined at Rand Refinery, Inc. 
facilities in Germiston, Transvaal. Accord- 
ing to the December Analysis of Working 
Results by the Chamber of Mines of South 
Africa, member companies milled 76.2 mil- 
lion tons of ore to produce 22.8 million 
ounces of gold. The average grade, including 


ng Metal Bulletin. Estimated Demand and Supply 
of SR Lacana Mining Helpe C 1976, pp. 6-7. 


Continue s dard 
J. v. 97, No. 1, 
January 1976, pp. 43-47. 
Geol Survey. King Solomon's Gold Mine 
N fury. King Solomon's Ond Mine 
May 2A, 1976, 4 pp. 
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ores of byproduct producers of uranium, 
was 0.30 ounce of gold per metric ton (0.27 
ounce per short ton). The largest producing 
mine was the Vaal Reefs, with output of 
2,122,107 ounces; the West Driefontein was 
second with 1,792,545 ounces. The West 
Driefontein and East Driefontein mines 
were the richest, with mill grades averaging 
0.73 and 0.65 ounce of gold per ton. Bypro- 
duct uranum production amounted to 618 
million pounds U;O, from treatment of 17.3 
million tons of gold-uranium ore, the grade 
averaging 0.4 pound U;,O, per metric ton 
(0.36 per short ton). Uranium was produced 
from eight mines, the most important of 
which were the Vaal Reefs, Buffelsfontein, 
Harmony, and Hartebeestfontein. ic 
acid or pyrite was produced at 11 mines as 
another byproduct. State assistance for góld 
mining was received by 10 producers; the 
largest recipient was East Rand Proprietary 
Mines, Ltd. followed by Durban Roodepoort 
Deep, Ltd. and Loraine Gold Mines Ltd. 

Reserves of gold ore were reported at 
199.7 million tons averaging 0.414 ounce per 
metric ton (0.38 per short ton) fully develop- 
ed and blocked out on January 1, 1976, 
(based on gold price and operating costs on 
that date). There were large additional 
reserves of indicated and inferred cate- 
gories of ore. The largest tonnages were at 
the Harmony, Vaal Reefs, St. Helena, and 
Hartebeestfontein mines. The highest grade 
was 1.01 ounce per ton for 2.77 million tons 
in the Ventersdrop Contact Reef of the East 
Driefontein mine. 

Three major new mines continued under 
development, the Unisel mine of Union 
Corp. in the Orange Free State, the Deelk- 
raal mine of Gold Fields of South Africa, 
and the Elandsrand mine of Anglo Ameri- 
can Corp.; both of the last two are south of 
Carletonville in the Far West Rand. By 
yearend 1976, the Unisel main shaft had 
reached a depth of 5,100 feet and production 
plans for 1978 remained on schedule. The 
other mines were to begin producing in 
1980-81 and were being rushed to comple- 
tion. At the Elandsrand, underground de- 
velopment was conducted from the adjoin- 
ing Western Deep Levels mine to accelerate 
progress. Shaft sinking methods were also 
improved. By yearend an ore and ventil- 
ation shaft had reached 4,100 feet and a 
smaller diametor men-and-supplies shaft 
was to a depth of 5,100 feet. The two shafts 
were to bottom at about 7,586 feet in early 
1979. Minable reserves at Elandsrand were 
estimated at 66 million tons averaging 0.38 
ounce of gold per ton. The cost of bringing 
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the Elandsrand mine into production at 
180,000 tons per month was estimated at 
$168 million (1975 dollars). Two shafts at 
the Deelkraal mine reached 5,500 and 5,300 
feet in depth at yearend. A proposal was 
reperted for President Steyn Gold Mining 
Co. Ltd. and Sentrust Ltd. to develop and 
mine the Video No. 305 property in the 
Ventersburg district of the Orange Free 
State. Video Mining Co. Ltd. was formed 
as a subsidiary of President Steyn to imple- 
ment agreements and act on the results of a 
feasibility study scheduled for completion in 
December 1979. 

A number of uranium byproduct facilities 
were under construction or planned in the 
Republic of South Africa. The President 
Brand Gold Mining Co. Ltd. opened a large 
rehabilitated byproduct complex to treat 
residues from Anglo American Corp. mines 
in Orange Free State. Mines to supply 
tailings included the President Brand, Pre- 
sident Steyn, Free State Geduld, Welkom, 
Western Holdings, Free State Saaiplaas, 
and Freddies. Tailings were to be treated by 
flotation at 1.5 million tons per month, with 
expected recoveries of 50% of the uranium, 
20% of the gold, and 85% of the pyrite 
contained. At the Harmony mine, in the 
Orange Free State, plans were made to 
expand operations and supply tailings to a 
new uranium extrction facility planned at 
Merriespruit and an expanded unit at Vir- 
ginia. A 180,000 ton-per-month plant to 
extract uranium from residues was opened 
at the Welcom mine. 

Randfontein Estates Gold Mining Co. 
Ltd., considered the feaibility of building a 


new gold and uranium extraction plant 


near its active Cooke No.2 shaft and reopen- 
ing part of its old Randfontein mine in a 
project estimated to cost $150 million.“ 
Uranium slimes, to be treated at the mill 
Site, were expected to grade about 0.3 to 0.4 
pound per ton with recoveries of 9096 to 
94%. 1 The Anglo American group conti- 
nued studies of a large complex to process 
slimes from old East Rand mines, possibly 
by 1978. À new company was to be formed— 
East Rand Gold and Uranium Co. Ltd. 


Mining Magazine (London). South Africa Gold Mine 
Extension Terms. V. 184, No. 9, September 1976, p. 191. 


B Magazine. Randfonstein's Cooke 
New Gold Mine for a Famous Old Producer. V. 154 No. 4. 
April 1976, pp. 161-167. 
Magazine. South African Gold Mines Uranium 
Production Plans. V. 184, No. 8, August 1976, pp. 108, 106. 


GOLD 


According to spokesman for Anglo Ameri- 
can Corp. of South Africa Ltd., uranium was 
becoming much more important in South 
African gold mining, and output could 
reach 17 to 18 million pounds per year in 
the next decade. Profits from uranium in 
gold mines were $37 million in the first 9 
months of 1976 but only $1.2 million in 
1975. It was estimated that South African 
annual gold production would be between 
23 and 26 million ounces in the coming 
decade but was on the last plateau before a 
long decline. Methods of increasing gold 
mining productivity in South African mines 
were considered.“ The South African Mine 
Workers Union and Chamber of Mines a- 
greed to initiate an ll-shift fortnight (5 
days, 1 week and 6 days the next) beginning 
in April 1977. Labor shortages continued to 
be a serious problem in South Africa's gold 
mines limiting output growth. 

Sudan.—The Sudanese Government sign- 
ed an agreement with a United Kingdom 
firm to study and design a gold mining 
operation in the Serkawit region of the Red 
Sea Hills. 

Surinam.—An estimated reserve of 70 
million tons of low-grade gold ore averaging 
about 0.05 ounce per ton was developed in 
the Brokopondo area of Surinam by a Cana- 
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dian firm and the Surinam Government in 
a joint venture. 

U.S.S.R.—According to estimates of the 
U.S. Central Intelligence Agency, the 
U.S.S.R. was expected to sell 0.8 million 
ounces of gold per month in 1977, rising to 
0.9 million ounces per month in 1978. Earn- 
ings from gold sales in 1976 were estimat- 
ed at $1 billion. The information was pub- 
lished by the Agency in a report entitled 
U.S.S.R: Hard Currency Trade and Pay- 
ments 1977-78. In a prediction by a Cana- 
dian author, U.S.S.R. gold production was 
expected to surpass that of the Republic of 
South Africa in the late 1980’s.** Production 
of the chernovetz, a U.S.S.R. coin contain- 
ing 0.25 ounce of gold, was higher than the 
250,000 minted in 1975 and was expected to 
exceed 1 million in 1977. 

Venezueia.—The Government was in- 
vesting heavily in eastern Guayana mines 
and planned expansions from 15,500 ounces 
to 165,000 ounces per year in 1980. The 
State-owned mining company, Minervén, 
planned to reactivate the El Callao gold 
mine, which contained estimated reserves 
of 2.5 million tons grading 0.7 ounce per ton 
in gold. 


TECHNOLOGY 


Twenty or more gold-leaching operations 
were in production or under development in 
the western United States during 1976 as a 
result of research initiated by the Bureau of 
Mines. Most properties had relatively small 
outputs, and activities tended to be inter- 
mittent. Mine owners viewed the new 
leaching technology as an opportunity to 
recover gold from shallow, low-grade depo- 
sits, or from mine wastes and tailings, with 
a minimum of capital investment in mine 
and plant facilities. Essentially, the heap 
leaching technique consisted of placing a 
low heap of gold-bearing material, either 
crude or partially crushed, on an imper- 
vious base, such as asphalt or plastic sheets; 
distributing a cyanide solution over the 
surface, collecting the gold-bearing solution 
in a sump, and extracting the gold with 
activated carbon. Gold was then stripped 
from the carbon by a hot caustic cyanide 
solution, or, in an improved method, by a 
hot alkaline-alcohol solution, electrodepos- 
ited on steel wool, and finally melted into 
bars. Additional studies showed that any 


silver values extracted in cyanidation could 
best be recovered by simple precipitation of 
the silver as a sulfide, using sodium sulfide 
before the carbon extraction of the gold. 
Heap leaching was believed practicable 
on ores containing as little as 0.03 ounce of 
gold per ton of ore providing sufficient 
tonnages were available and the gold recov- 
ery factor was high. Also, the heap leach 
technique was applied with apparent suc- 
cess by at least one Nevada operator to 
extract silver, using the sulfide precipita- 
tion step, from low-grade silver-gold ore and 
dump material containing only minor am- 
ounts of gold. In general, silver has been 
more difficult to leach than gold, owing to 
complex mineral associations and slower 
extraction rates. Further studies were being 
conducted at the Reno Metallurgy Research 


17 American Metal Market. South Africa Gold Pro- 


1E S Skidding in Late 80's. V. 82, No. 233, Dec. 2, 
Ρ. 
and Journal. S Prob 
πο. ο... uch Africa’ Geld Mines V. 


Cut ar uctivity 
177, No. 10, October 1976, p. 25 
is Northern Miner. 


Russia to Overtake South Africa's 
Output. V. 62, No. 10, May 20, 1916, pp. 1, 4. 
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Center, Federal Bureau of Mines, Reno, 
Nev. 

Α mobile demonstration unit, designed to 
show by field tests the efficiency of the 
alkaline-alcohol gold stripping method, was 
tested at a number of locations and resulted 
in adoption of the method by several opera- 
tors including the Homestake Mining Co., 
where tests showed stripping time could be 
reduced from 100 to 5 hours. Homestake has 
been recovering gold from mill slimes since 
August 1973 by a carbon-in-pulp method 
developed by the Bureau of Mines. Bench- 
scale tests were conducted to determine 
feasibility of reusing the activated carbon 
after it was stripped with alkaline-alcohol 
solutions without the usual thermal reacti- 
vation step. Through at least four cycles of 
loading and stripping it was feasible to 
recover gold from a refractory, carbona- 
ceous ore by a modified heap leaching 
technique. The system included pretreat- 
ment with a hypochlorite solution to de- 
Stroy organic matter which interferes with 
gold recovery. A 1096 sodium chloride solu- 
tion containing hypochlorite, generated by 
electrolysis in situ, was percolated through 
the ore bed until exposed carbonaceous 
matter was oxidized. The ore was then 
leached with a cyanide solution adjusted 
with lime to pH10.5, but the ore became 
impermeable. Research continued using 
other oxidants. Studies also were in pro- 
gress on effects of flocculating and wetting 
agents on solution percolation rates in heap 
leach cyanidation. In other tests, electroox- 
idation treatment of several carbonaceous 
gold ores in a commercial 125-volt, 1,000- 
ampere bipolar flow-through cell increased 
extractions in subsequent cyanidation from 
about 72% to 90%. 

Α patent was issued on the process of 
recovering absorbed gold and/or silver from 
activated carbon using alcohol or ketones 
alone or in aqueous solution with a strong 
base to facilitate elution.” The Bureau of 
Mines awarded a contract to the University 
of Utah during 1976 to study the kinetics 
and thermodynamics of the gold cyanide- 
silver cyanide-carbon reaction. Battelle 
Northwest Laboratories scheduled an 18- 
month study to identify organic compounds 
in carbonaceous gold ores and the composi- 
tion of surface films on gold in refractory- 
type ores. A publication described various 
analytical methods for gold and a list of 
commercial assay laboratories. 1 Assistance 
was provided to the Defense Supply agny 
by Bureau of Mines specialists in iden- 
tifying gold-bearing scrap from obsolete 
electronic and other military equipment. 
Gold in scrap electronic solders was recov- 
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ered by drossing with aluminum or zinc in a 
process developed by the Bureau. 
upgraded the product by a factor of 10; 
further concentration was achieved by roas- 
ting, amalgamation, and leaching. A Battel- 
le Columbus Laboratories study of energy 
inputs to mineral processing showed that 
the energy required to produce a new ton of 
refined gold was 58,855 million British ther- 
mal units (Btu’s). Details of energy re- 
quirement by process step were provided. 

Gold was extracted from a low-yield gold 
ore by electrolysis of a salt solution of the 
pulp** and from gold-plated scrap or ore by 
treatment with an aqueous solution of io- 
dine and potassium iodide followed by sul- 
fur dioxide, hydroxylamine, or hydrazine 
precipitation of the gold. 

An air pollution problem caused by arse- 
nic in gold ores was eliminated by Campbell 
Red Lake Gold Mines in Ontario, Canada. 
Gas from the roaster plant was passed over 
precipitator collector plates where calcine 
dust collected; arsenic continued on to an 
air mixing chamber. There a temperature 
drop to 250°F caused precipitation and the 
arsenic was caught in a baghouse.** Also in 
Canada, a graphite-bearing gold ore was 
successfully treated by first extracting the 
graphite by flotation and after pyrite and 
gold flotation, ending with cyanidation.” 
Recoveries doubled to the 85% to 93.6% 
range. The effectiveness of ammonium chlo- 
ride in gold milling was described.” Among 
its uses were: Cleansing agent in amalgam- 
ation, complexing agent against dissolution 
of copper, and sequestering agent to minim- 
ize scale formation in a lime-cyanide circuit. 
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The National Institute of Metallurgy in the 
Republic of South Africa investigated proce- 
dures for recovering uranium and gold from 
ores of the Witwatersrand using wet high- 
intensity magnetic separation on cyanid- 
ation residues. It was found that 50% of the 
residual gold and up to 7096 of the total 
uranium could be recovered in the magnetic 
concentrates.?* 

Plans by Golden Cycle Gold Corp., for 
reopening its properties in the Cripple 
Creek district of Colorado were described. 
Shaft rehabilitation work for access to the 
9,100-foot level of the Ajax mine cost $300 
per foot and required 10 months. A report 
discussed possible costs of in situ leaching of 
gold ores.*! 

Details of a fire in the Homestake gold 
mine were disclosed in a review of events 
that took place before and after.** The fire 
was in a timbered section on the 3,050-foot 
level and caused closure of the mine for 12 
days. 

South African efforts to overcome prob- 
lems of high rock temperatures, high rock 
stress, narrow working places, and hardness 
and abrasiveness of rock mined were 
described. Problems were being met by 
greater mechanization. For instance, a 
high-thrust raise-borer cut a 9-foot wide 
overpass at the Vaal Reefs South mine in a 
record time. Α mechanized stope-cleaning 
System was developed around an armoured 
face conveyor and a new reciprocating 
flight conveyor was developed.“ Successful 
trials were conducted in South African 
mines of specially designed twin-boom drill 
jumbos. Installation of steel arches and 
tests of a new tunneling machme were 
described. 

Anomalous concentrations of gold were 
found in samples from unproductive zones 
similar in character to nearby productive 
zones in the Goldfield, Nev., area. Two 
associations of elements were found, one a 
relict hypogene association and the other 
supergene, the latter formed during oxi- 
dation." Statistical analysis techniques 
were used to assess theories of the origin of 
the Carlin dissominated gold deposit near 
Carlin, Nev.** Gold and mercury values 
showed high correlations in all areas sampl- 
ed. 

Evidence was given to show that in the 
Witwatersrand gold field of South Africa a 
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hitherto unknown form of plant life was 
instrumental in concentrating gold during 
the Precambrian period.* It was believed 
the discovery would help in developing a 
better geological model of deposits and im- 
prove assessment of gold distribution. Stud- 
ies were made of gold in the Precambrian 
Vaal Reef Placer, the Republic of South 
Africa,“ in stratabound deposits in Rho- 
desia,! and in certain stratigraphic 
units of the Abitibi supergroup in Canada.“ 
Gold was included with other precious 
metals in a report describing comparative 
physical characteristics and engineering 
properties.“ The composition of anodic 
films formed on gold and rate of gold 
dissolution in electrolyzed sulfuric acid with 
and without chloride ions was the subject of 
a study.“ Neutron activation analysis was 
found to be an excellent means of studying 
the variations in gold concentration on 
silicon wafers before and after phosphorous 
ring and Mining Journal. South Africans Seek 
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gettering.“ In a two-part series on alloying, 
the formation of solid solutions of gold was 
explained in terms of atomic structures, and 
factors were considered affecting forma- 
tion of compounds with other metals.“ Ef. 
fects of gold on biological systems and use in 
chemotherapy were reviewed.“ The intake 
of gold in micro-organisms was shown gra- 
phically by pictures in which sites of gold 
deposition could be seen. Uses for gold 
drugs generally range from anti-inflam- 
matory to anti-bacterial. Gold ketenide, 
one of a new class of organometallic com- 
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pounds, was believed to have potential for 
use in selective oxidation catalysts.“ Com- 
pounds formed when gold ketenide de- 
composed explosively were examined. 


*5Murarka, S. P. A Study of the Phosp 
acerbe oon by Uso of Noe Aa) 1867, neni 
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pp. 
41Sadler, P. J. The Biol Chemistry of Gold. Gold 
Bull., v. 9, No. 4, October 1 95 110-118. 
“Blues, E. T., D D. Bryce-Smith, and L W. Lawston. Gold 
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Table 3.—Mine production of recoverable gold in the United States, by State 


(Troy ounces) 

State 1912 1978 1974 1975 1976 
Alka 8,639 7,107 9,146 14,980 
Arizona____________________ 1 848 90,586 85,790 102,062 
California — ------- 8.974 8,647 5,049 9,606 10,892 
Colorado ___________________ 61,100 422 52.088 55,488 50,764 
14ο. ---------------- 2884 2.696 2.898 2,529 2.755 
Montana 28,125 21,806 28,268 17,259 24,015 
Nevada_______________.____ 419,748 260,497 298,154 332,814 962 
New Mexico 14391 18,864 15,421 15,049 15,198 
South Dakota 407,480 357,575 943,123 304,985 918,511 

ο ιτ ου. 116 68 18 W W 
Uta 362,413 307,080 254,909 189,620 187,318 
Other States 41,961 29.200 26,025 24.187 26,085 

Total 2 1,449,943 1,175,750 1,126,886 1,052,252 1,048,087 


W Withheld to avoid disclosing individual company confidential data; included in “Other Sta 


Table 4.—Mine production of recoverable gold in the United States, by month 


(Troy ounces) 
Month 1916 1916 

JANUR. πο παπι μμ πμ Ld Lee e uite e 88,441 91,121 
February um m n enu ne h LL I AS a 82,358 5 
JJ ec ia d 16,139 88,096 

11Üù˙¹ ͥ⁰ͥ⁰ e E Lp ie 86,234 91,488 
c PORC Pp Os ĩðV:ſſ E E σα ĩͤ κος ει MM 88,252 98,317 
J/Üĩ?5ͤdwñ;ĩx?%. A LL κενο ο eee m las s= 91,578 87,760 
duly J r na δν vet CA PPP A οτε 16,181 ply 
Septembe ! ͤ ⁵ ο αμ ee, 94,255 88,727 
OE 5 S mua ß eR eee 93,667 93,195 
/h ⁵³¹u ͥ⁰¼tm· md 8 95,908 81,871 
December o es cuui ues uc A E LL e 95,781 81,994 


1,052,252 1,048,087 
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Table 6.—Production of gold in the United States in 1976, by State, of mine 
and class of ore, yielding gold, in terms of recoverable me 


Lode 
Gar Gold ore Gold-silver ore Silver ore 
State ounces of Troy Troy 
gold) Short tons oun of Short tons  ouncesof Short tons ounces of 
Alaska _____________ 22,605 468 215 IM ER T i ct 
Arizona BAG W w w 16,408 1 
California 4,847 5,586 5,005 2,225 440 d nc 
Colorado 15 86,817 4,054 232 90,809 698 
CE m ENS 91 42 466,762 1,086 
Montana 16 6,866 8,106 5,121 525 67,890 565 
Nevada 10 257, 954 W 8,961 1,008 
New Mexico 42 10,455 3,776 426 128 5 
Oregon __ 28 MM ἘΝ ES S ENT ETE 
South Dakota ............. -.. -— 1,058,132 818,511 EM — MM M 
Other States το. 49,081 26,010 1,014,788 28,365 120 5 
Total 27,628 3,062,889 616,867 1,026,521 25,080 650,578 8,505 
Percent of total 
gold 8 -- 59 em 2 — (1) 
Lode 
Copper ore Leed ore Zinc ore 
Troy 
Short tons ounces of Short tons "r. Short tons ounces of 
gold 
Alaska aa T τοις 58 7 = MOS 
Ariana 158,425,522 97,686 m" ανα = = 
California m NS PRA TM W 
Colorado τς eee 206 10 178,945 881 
Idaho — ⁵³˙·¹¹m on nes W W 187,697 1,008 W W 
Montana 16,780,752 19,843 W m. shes 
ΝοναἝβ..........................-. -. -. -..-. 057,651 28,819 ae M W W 
New Maricoo -. 25,015,712 18,219 w w WwW W 
South Dakota____________ F i τ. m 2l o 
States 29, 707, 679 166,224 4,221 226 178,185 144 
Total __ ees 282,987,816 $25,741 192,182 1,246 852,080 481 
Percent of total 
gold zu 81 Sg (3) = (3) 
Lode 
lead, 
copper-zinc, and copper- Old tailings, etc. Total? 
C ores 
Troy Troy 
Short tons ounces of Short tons ounces Short tons ounces of 
go of gold gold 
Alaska aa "T M ae 521 
Arizona 91,378 843 40,985 223 159,514,318 102,062 
S Ps S m hu Stee hens! RM -. W W 10, 10,892 
Colorado 882,466 45,863 M cates 1,188,882 50,764 
Idáho -—— oo νο. 1,094,239 590 — EM 1,921,290 2,755 
Montana M US 16,861,116 24,015 
Nevada 711,350 14 iss EE 4,448,985 
New Mexico ΚΕ "E T PM 25,161,206 15,198 
regn ες ο ὃ να ο Δες m wa = = Lm xt 28 
South Dakota EN NA Ru τοῖς 1,658,182 $18,511 
Other States 2,780,786 1,404 87 3107 82,474,412 213,403 
Total 4,926,169 47,714 41,022 830 248,288,878 1,048,087 
Percent of total 
gold___________ τι. 5 =e (4) -- 100 


T iy avoid disclosing individual company confidential data; included in “Other States." 

unit. 
*Data may not add to State totals because of items withheld to avoid disclosing individual company confidential data. 
Includes byproduct gold recovered from tungsten ore in California. 
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Table 7.—Gold produced in the United States from ore, old tailings, etc., in 1976, 
by State and method of recovery, in terms of recoverable metal 


Total, Ore and old tailings to mills Crude ore, 
ore, o. Concontratas old tailings, 
etc. in bullion smelted and to smelters! 
State treated! Thousand recoverable metal 
(thou- 1 - - Concen- Thou- 
sand tons mation dation trates 
(troy (troy (short ounces short ounces 
tons) ounces) ounces) tons) 
Alaska 1 ER =: 7 275 3 7 
Arizona 3195,242 3194,900 eS 8,661 8,211,596 97,986 842 465 
California 0 410 2,713 = 2, 2,746 3 86 
Colorado ________ 1,295 1,294 13,502 3,649 152,025 83,308 1 235 
EC 960 1.959 8 TUM 170,756 2,648 1 104 
Montana 884 788 1,634 289 838, 20,930 96 1,206 
5 3 513 758 3 513.712 850 258,544 201,183 28,665 41 893 
New Mexico 189 106 ae 969 788,429 19.399 848 
South Dakota 1,658 1,658 es 818,511 — m PNE Ls 
tah __ 80,053 29,987 M ἔν 128,182 167,772 116 19,546 
Other States 5,252 5,252 e 1,917 250,587 24,116 3 52 
Total 291,297 290,617 18,207 587,540 5,904,110 891,725 680 22,942 
Includes some nongold-bearing ores not separable. 


Jess than 1/2 unit. 

Includes tonnages from which gold is heap leached. 

*Excludes tonnage of tungsten ore from which gold was recovered as a byproduct. 
"Includes tonnages from which gold is vat leached. 


Table 8.—Gold produced at amalgamation and cyanidation mills in the United States 
and percentage of gold recoverable from all sources 


Bullion and precipi- 
tates recoverable Gold ο Son all sources 
Year „CCC AAA —— 
mation. dati mation dation Smelting' Placers 
11771 oer oz 8,999 192,364 0.3 54.6 442 0.9 
IB uou 15,381 811 1.3 49.6 48.1 1.0 
11111 n omnt 11,749 618,137 1.0 54.9 43.0 1.1 
11 s a 13,783 617,330 1.3 58.7 38.1 1.9 
1918 na nis 18,201 540 1.7 56.1 89.6 2.6 
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Table 9.—Gold production at placer mines in the United States, by method of recovery 


Material Gold recoverable 
Mines washed Thou- 
Method and year pro- Kae (thousand and Value Aversa 
ducing Plan troy (thou. cubic 
yards) ounces sands) per 

ö»;˙ð˙ EE EE EE E E AET EEA 2 2 1656 5 $877 $1.336 

197; uote E 4 5 12715 14 2,314 : 
öÜÜ er 8 4 12 816 17 2,124 154 
Ü·bu ] ·¹W ꝛ A E 1 1 13 1 181 9.984 

ιδ ο οκ ο a ο» 6 6 210 8 
JJ eee 8 8 245 5 606 2.474 
J·;ö˙Ü xxx A A 16 6 2 38 1.710 
I;; Σο οσο ο era sua usss 16 17 181 1 171 1.302 
N 1976 |... 335 14 14 129 1 157 1.212 
washing p 
κ unas am uu er a 14 14 22 33 461 «9 000 
οκ ασ 88 11 11 (S 32 269 (9) 
ο ο EE 25 26 3136 34 560 42.097 
* Underground placer, small-scale 
and — dre ° 
17k E A EAA 10 5 105 1 126 1.203 
1918.52 he A 12 8 21 (S) 47 1.752 
1978 ο eR το. ce ELT s 4 4 2 ) 15 8.881 
Total placers: 

ος αν a E ος eh 43 88 1 3999 312 1,976 41.523 
κακο ο 8 49 47 1 23 083 920 68,269 * 978 
IJ) 49 51 1 39,928 328 8,462 41.040 


: ; I 
SExcludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 
Includes gold recovered at commercial sand and gravel operations recovering byproduct gold. 

ο reo ο ο prevel coscationsmot used it cekcelating averape FATIS por cubic yend 
sData do not add ĩ˙ V Because of independent Foundins: 


Table 10.—U.S. refinery production of gold 


(Thousand troy ounces) 
Source 1912 1973 1974 1916 1916 
Concentrates and ores:* 
κώμα ον οπως ικα PORC HENRI NN IR 1,478 1,210 1,021 1,093 954 
Foreign —— ig oett 8 125 112 185 250 128 
Old SCTED d ea Se eee ee 1,122 1,068 
2,107 1,779 1,926 

New srap ------------------- ee C UTE 1,574 1,436 
111 ποπ ποπ οσο μι πώ 8,710 8,101 8,132 4,089 8,581 

Includes other primary sources. 


Source: 1972-74, Office of Domestic Gold and Silver Operations, U.S. Department of the Treasury; 1975-76, Bureau of 
Mines, U.S. Department of the Interior. 
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Table 11.—U.S. consumption of gold by end use 


(Thousand troy ounces) 
End use! 1972 1918 1914 1975 1976 
Jewelry and arts: 
VVV NA Να N "n "53 
e gold for electroplatin gg 
Gold and other _.._-_._____________ NA NA NA 802 880 
OOM c cnc cmo AI 4,944 8,418 2,402 2,080 2,562 
Dental, total!!!! 1 509 595 694 
pere ĩ⅛ K PET ON NA NA NA 56 
Fine gold for electroplating |... -..-.-. NA NA NA 3592 
Gold filled and others NA NA NA 428 491 
Total. AAA x 22 s 2,191 2,577 1,740 1,059 1,233 
Investment!!! "E τα E 258 159 
Total consumption 7,285 6,729 4,651 43,993 4,648 
NA Not available. 


As reported by converters of refined gold. 
ο. reported; however, 15% to 2096 of this is estimated to go into jewelry as an end product. 
3Fabricated bars, medallions, coins, and other products primarily for investment. 
*Data do noc add to total shown because of independent rounding. 


Ον Otice a Goid: aid Silver Opec = oe, U κώλο . 1915710, Burean of 
Mines, U.S. Department of the Interior. 


Table 12.—U.S. exports of gold in 1976, by country 


anon Troy = Value Troy Value 
ounces (thousands) ounces (thousands) 

Belgium Luxembourg 184,976 $17,197 a a 
Brazil 59 736 
Canada τὸ 8 6,647 786 190,499 23,015 
Germany, Wat — o ĩ b 1,982 112,500 13,757 

πδίοτιβἷα....................................... — M 
Hong Kong 1 18,994 2,208 
Γαΐ Fe ke . 35,792 4,222 24.886 2849 
apan ._ ~~~ — ~~ a , 
Mexico ~- EC NM 95,504 12090 
Silent CCCP να a 164 27 
Poland _______________________ __ 38,405 1,411 
e i A et 1,195 155 RR a 
Sweden 2,780 845 me 
United Kingdom i!!! 111882 13,981 1464780 178,497 

nited Aingagom ......------------------------------- , " 
Venezuela _____________________ 1,928 280 ; 1 

Total: a es 831,517 41,624 8,193,248 833,424 


Ore, base bullion, Refined 
8 — — ͤ ʒäé— . — 
Troy Value Troy Value 
ounces (thousands) ounces (thousands) 

Ul c lcu ζω Le M NS 115 $14,170 
AM 1110000 ˙ 11,126 $1,485 872 10 
Brazil!!! "mk zc 592 75 
Canada JJ. 8 48,620 5,805 1,556,962 194.361 
Chi$ os ος Act en EL 4 (3) 2411 801 
F 984 70 κ = 
El Salvador! 88 5 NA RR 
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Table 13.—U.S. imports (general) of gold in 1976, by country —Continued 


€ bullion 
scrap 
Country 
Troy Value Troy Value 
ounces (thousands) ounces (thousands) 
Gear Nm οσο 8 ii 6992 . 
Honduras _..__________________ 1,091 185 165 21 
Hong Kong 4,214 541 6 
E t ML ce RT ae ο. ES 81 10 
Haly. 2er m ele LL = 78 7 1,080 1 
Japan μμ μμ chs ca 624 78 95,966 12,102 
Korea, Republic of 1 TM de 
Malaysia______________________ 747 n = 
Δ ο SE IEEE EEUU 8,570 468 180 20 
etherlands____________________ Sais I 2,275 261 
Netherlands Antilles ..........-.... 4 1 EN oe 
Nicaragua ..........................-....---΄-.-.-΄-.-.. 17,297 2,112 87 11 
/// ⁰ AAA] 8 97 ies aa 
it caste y S 478 57 280 
Papua New Guinea 6,496 829 ae oe 
s a EEEN rad O HN = o 12,295 1518 
Pe s z co. ας ope 6,641 861 11,758 1 
Philippines 40,231 5,099 TUM mm 
DONG eem το 2 οκ E A 7 996 wired <: 
South Africa, Republic ff i ο. 10,181 1,447 
South-West Africa, Territory hh 164 24 e" e 
Switzerland ____________________ 5 1 879,781 48,788 
Taiwan oe ] ee ee 111 13 z: -- 
USSR uo iet πως ως 83 4 96,501 11,280 
United Kingdom --- 5,154 662 ,968 5, 
UFUSURY ß ees = ate 5,984 785 
Venezuela __ _ -.....------------- 6,683 119 2,030 824 
Yugoslavia __ ................................. TAN Me? 96,111 11,944 
Toal cecus Lose LE 166,312 20,007 2,489,679 811,011 
111988 than 1/2 unit. 
Table 14.— Value of gold exported from and imported into the United States 
(Thousand dollars) 
Year Exports Imports 
jtf ο κ ος zT TS url ͤ A Dy 228,480 896,680 
JJ ³ðK em ĩ 8 492,982 456,688 
J! i ος e 8 875, 048 831,018 
Table 15.—Gold: World production, i by country 
(Troy ounces) 
Country* 1974 1975 1976P 
North America: 
πε ο οκ ος ομως 1,698,392 1,658,611 1,685,988 
REB. oes mne ene 18,000 *18, à 
Dominican Republic m 195,488 413,788 
El Salvador!!! 6,022 8,713 8, 
Honduras ss 2,124 2,520 
Μαιος 2.2 TT, Tu uu uU 134,454 144,710 162,811 
Nicaragua ...............------.-----.-.-.-.-..-.-- 82,639 70,281 5, 
Panama . ιώα- 11 ΝΑ 
United States 1,126,886 1,052,252 1,048,087 


Gee footnotes at end of table. 
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Table 15.—Gold: World production, i by country —Continued 
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"Estimate. Preliminary. Revised. NA Not available. 
1Unleas otherwise indicated, production is on the basis of mine output. 


(Troy ounces) 
Country? 1974 1975 1976 
South America: 

„ ͤ ο ο ον 6,534 11,867 *12,000 
ιο ο μα e nuuc e ees ue 143,272 53,218 28, 797 
J%%/˙ö;»— a ο. 188,435 172,088 183,259 

J;· K ĩ ß aS Sk z ys 118,829 180,651 129,148 
Colombia |... L2 222222222222 265,195 ; 297,861 

J ⁵⁵⁵¼¼v 8 7,152 8,157 11,615 
French Guiana 1,125 2,443 2,191 
Guyana ned ο ο ως λος 12,200 18,067 15,651 
FEE. 100,400 78,196 80,730 
Surinam ______________________ 141 89 
Venezuela.. 716,966 18,326 14,500 
Finland ROTE a PE a TEE 8 20,737 22,216 26,299 
Url. ³ĩðVAA ed ος ως. 40,542 47,004 50,991 
Germany, Wett 1,815 2,116 2,250 
ο enn s 178 440 086 
JJ ³ĩðV8%!! 8 11.478 11.446 10,086 
Romania? _____________________ 60,000 ,000 60,000 
Spain 8 T223,951 124,584 *210,000 
Sweden .—— eo er Sew 68,352 63,176 973,900 
USSRS% μμ μμ nas 7,300,000 7,500,000 7,700,000 
Y Ιω πμ απ. 170, 302 177,922 176, 800 
Africa: 
πω μπαμ eu 222222 2,000 *1,000 *1,000 
Burundi 360 368 426 
Qe n E d λα... 64 96 *100 
Central African Empire 64 529 400 
JJ. RC NO ας 7077 528 482 
Ethiopia _.____________________ 15,754 19,981 80,000 
17. i et 4,207 8,086 
ΩΠπαηαὸ....................................... 7614,007 523,889 532,418 
Konya u u ß nuo ee 214 108 83 
LA r eg 000 4,500 64,500 
Malo x s s s s de EA : r30 3,500 
Malagasy Republic 17 158 160 
Mauritania __ _ €52,000 *42.000 22,120 
Nigeria ~- ------------------—- T6 8 *10 
Rhodesia, Southern? nnn 800,000 800,000 995 
Rwanda? ____----------------—- 
South Africa, Republic ß 24,388,208 22,987,820 22,935,988 
os ο a 4300 $300 
Tanzania _____________________ 171 48 10 
πι μαι ο ⁰m i al ae a 130, 603 103,217 102,882 
Zambiab |. „„ „„ r eg, 500 r 69.500 10,955 
Asia: 
Cambodi˖a 4, 000 500 1,000 
China, People’s Republic of __________ 50, 50,000 50,000 
V EEEE rH teat peat HN 101,114 90,826 100,696 
idoneis n PET m 76,491 74.954 82,781 
Japan e eL 1139,719 148,503 187,669 
North®____§_______________ 160,000 160,000 160,000 
Korea, Republic „C000 T0 23,792 13,343 18,744 
ysia: 
Malaya -------------------- 13,435 2,484 3,574 
, oe cee T1,004 1,192 964 
Philippine? __________.-_.______ ™587,615 501,793 501,197 
Taiwan nno 8 22,110 26,952 
Oceania: 
Australia "512,611 526,821 497,693 
i British Solomon Islands 878 ,000 
Fiji aR cer See eee OU CDM IE 68,890 68,744 65,757 
New Zealandd 4,710 2,747 3,276 
Papua New Guine _ _ _ 1667, 237 611,356 668,142 
„„ u uu L ZZ, RR 140,124,290 38,675,796 39,322,125 


Gold is also uced in Bulgaria and Czechoslovakia, and probably small quanties in Burma, East Germany, Guinea, 
d are insufficient to make reliable output estimates. Data 


Thailand and several other countries. However, available data 
e eee 


«Figures are reported as fine gold (chat is, almost pure). 
refined metal. 


*Figures are reported as 
Estimated level of output for all producers, chiefly contained in blister copper and refinery muds. Previously reported 


figures at lower level did not represent total national output. 
- 


production for Japan was as follows: 1974—*1,123,489 ounces; 1975—"1,086,004 ounces; 1976—1,043,676 


following copper mining: 1974—'658,575 ounces; 
"UL ounces, 176-60, ,151 ounces. In addition, other mining operations produced: 1974—8,662 ounces; 1975— 


Copper Ltd. produced the 


8,423 ounces. 


amounts as a byproduct of 
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Graphite 


By W. Thomas Cocke! 


Natural graphite remained in tight sup- 
ply in 1976 as the economy strengthened. 
Domestic consumption increased 1096 ac- 
cording to a canvass of major consumers. 
Domestic production increased appreciably 
over that of 1975. Although some known 
graphite deposits were investigated, there 
were no new mine openings and only one 
mine remained in operation. National 
Stockpile goals were increased to 3-year 
totals, which precluded the sale of material 
previously declared excess. 

Imports of natural graphite increased 
21%. A 28% increase in imports of amor- 
phous graphite compensated for a 596 
decrease in imports of crystalline graphite. 
Total exports increased 16%. Prices of im- 
ported material increased 5% for crystal- 
line and 26% for amorphous in 1976. Do- 
mestic prices generally follow those of im- 
ported materials. 

World Production of graphite increased in 
1976, with nearly all producers showing 
some increase. While supplies of amorphous 
graphite were adequate, premium grades of 
crystalline remained tight. Substitutes of 


lower grade materials appear to be suc- 
cessful 


Production of manufactured graphite in- 
creased 3% over that of 1975, owing pri- 
marily to a 17% increase in production of 
electrodes. Production was still well below 
the 1974 high. 

Legislation and Government  Pro- 
grams.—On October 1, 1976, the Federal 
Preparedness Agency of the General Ser- 
vices Administration increased national 
stockpile goals to reflect an increase in 
requirements of strategic materials to a 3- 
year period. New stockpile objectives for 
each type of graphite are shown in table 2. 
There were no disposals of strategic graph- 
ite, declared excess prior to October 1, 
owing to lack of congressional authoriza- 
tion. Careful consideration will be given to 
market conditions before any aquisitions 
will be made to reach the new goals. Import 
duties on crystalline graphite remained sus- 
pended for a trial period in order to stimu- 
late imports. 


Physical scientist, Division of Nonmetallic Minerals. 


Table 1.—Salient natural graphite statistics 


United States: 
ption? *____________ short tons _ 
κ ως πε να, 8 do... 
Valunune 
Importa for consumption: 3 short tona. _ 
VP z 
Worid: Productioů n short tona _ 


1972 1978 1974 1975 1976 
70,000 79,000 70,000 67,000 
7,289 7,953 12,189 10,586 12,236 
$992 $1,698 $1,890 $2,988 
64,135 11,431 82,636 ,663 19,098 
$3,847 $4,494 $5,677 $5,698 $6,753 
897,894 435,150 "548,284 486,025 499,995 


1Estimated demand has been substituted for the consumption survey results appearing as the total of table 4, since the 


latter are incomplete. 
Includes some manufactured graphite. 
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DOMESTIC PRODUCTION 
In 1976, natural graphite production was annual production. 


from a single source, the Southwestern 
Graphite Co. mine near Burnet, Tex. Ship- 
ments from the mine were higher than in 
1975 but continued to account for only a 
small portion of domestic supply. Other 
graphite deposits in Alabama, New York, 
Montana, and the Province of Saskatche- 
wan, Canada, received attention from in- 
vestigators contemplating the development 
or redevelopment of additional mines, 
however, no mine openings occurred by 
yearend. 

International Carbon and Minerals Corp. 
purchased mineral rights to 2,135 acres in 
the Alabama flake graphite district and 
plans to build a modern flotation plant with 
startup scheduled for mid-1977.? 

Deep Bay Graphite Co. Ltd., a subsidiary 
of Superior Graphite Co. of Chicago, Ill., and 
the Saskatchewan Mining Corp. agreed to 
proceed with a feasibility study of a graph- 
ite mine near Reindeer Lake in northern 
Saskatchewan. Production of 9,000 tons of 
flake graphite per year is projected. Results 
of the study are expected late in 1977.5 

Reported production of manufactured 
graphite increased 3% to 286,326 short tons. 
Total value of production increased 21% to 
$375 million. The overall increase in pro- 
duction was due to large increases in 
electrodes (17%), crucibles and vessels 
(82%), and motor brushes and machined 
shapes (64%). All other uses of manufac- 
tured graphite decreased 28%. Shipments of 
powder and scrap again decreased to 23,991 
tons valued at $3.5 million, which indicated 
a doubling of value from $64 per ton in 1975 
to $146 per ton in 1976. Production of high- 
modulus graphite fibers decreased, but a 
study conducted by R. M. Kossoff and Asso- 
ciates of New York showed manufactured 
graphite fibers and composites poised for a 
major volume breakthrough in the next 
decade.* Prices have declined from $200 per 
pound to about $30 per pound in 1976 and 
are expected to be in the $10 per pound 
range by the early 1980's. According to the 
study, 1976 consumption of manufactured 
graphite fibers was 260,000 pounds. This 
showed that demand for these fibers used in 
composites is two and a half times the 


Manufactured graphite was produced at 
24 plants in 1976, with some additional 
production for in-house use likely. The fol- 
lowing is a list of principal producers in 
1976: 


Company Plant location 
Airco, Inc., Speer Div Niagara Falls, N.Y. 
DO 2c 8 Punxsutawney, Pa. 
Da —— sec St. „Pa. 
Avo Corp., Avco Systems Lowell, 
v. 
Carborundum Co., Hickman, Ky 
Graphite Products Div. 
Do: zc Sanborn, N.Y 
Celanese Com ID. Celanese Summit, N.J 
Materials, Ine Graniteville, Mass. 
Great Lakes Carbon " ond, 
Do. m el Niagara Falls, N.Y 
7% M ton, 
Hercules, Ine Bacchus, Utah. 
HITCO ώρας Gardena, 
Ohio Carbon Co Cleveland, Ohio 
Pfizer, Inc., Mine Easton, Pa. 
ts & Metals Div 
Poco Graphite, Ine Decatur, Tex. 
Ine. North Hollywood, Calif. 
Stackpole Carbon Co _ Lowell, : 
.... St. Pa. 
Super Temp Co _______ Santa Fe 
Union Carbide Corp See Niagara Falls, N.Y 
373 MANS ee eee a Yabucoa, P. 
Do ον ας ος Columbia, Tenn. 
Do. sms Clarksburg, W. Va. 


Airco, Inc., Speer Div. completed expan- 
sion programs at plants in Pennsylvania 
and Niagara Falls, N.Y., which will enlarge 
production capacity at these facilities 20%. 
The Carbon Products Division of Union 
Carbide Corp. has broken ground for a new 
graphite electrode plant at Clarksville, 
Tenn.* À plant capable of producing 11,000 
tons per year of synthetic graphite and 
desulfurized petroleum coke was being con- 
structed in Hopkinsville, Ky., by Superior 
Graphite Co.” 


5 V. 177, No. 2, Feb- 
Nor. 27. 19/6, p ὃ Graphite Discovery in 


916, p. 
e Nov. 21,1976, fibers Are Set for a Major 
211977 e 1985, Says Recent Survey. Jan. 

Ceramic 


ν 106 Ne 3 Airco Β 915 5 20 Expands Manufacturing 
20. V 


3 
erican Metal Mar ΔΡ Ν 82 No. 286, Dec. 7, 1916, 


Tul 
illings' Review. Superior Graphite To Pro- 
con t . V. 65, No. 22, May 29, 
» D. e 
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Table 2.—Government yearend stocks of natural graphite 


(Short tons) 
National New 
: e 
Type of graphite (De.31, — ( 

1976) 1976) 
Malagasy crystalline flakllgdgdũuuͥuk „„ 17,989 20,472 

Sri Lanka amorpha! οκ οσο κο 8 5,499 6 
τη μμ a a Ere 1,933 84,798 
Non-stockpilegrade ________________________ „„ ae 


Source: General Services Administration. Stockpile Report to the Congress, October 1976-March 1977. 


Table 3.—Production of manufactured 


graphite in the United States 
in 1976, by use 
ti Value 
Use (short tons) (thousands) 
Synthetic hite products: 

Anode S. 3 25,176 $23,683 
ectrodes _.________ 206,512 ,559 
Crucibles and vessels _ _ _ _ 5,872 81,699 
Refractories ___._.___ 1,912 1,961 

Electric motor brushes and 
machined shapes 1,016 3,300 

Unmachined graphite 
ahapes 12,093 12,225 

Cloth and fibers (low- 
modulus _ _ _ _ 163 11,876 

modulus fibers 49 4, 
35S sa 10,042 14,788 
Total 262,335 871,506 
Synthetic graphite 
powder scrap ο... 23,991 8,511 
Grand total 286,326 875017 
CONSUMPTION AND USES 


Reported consumption of natural graph- 
ite in 1976 increased 10% to 59,300 short 
tons. Consumption increased in all catego- 
ries except steelmaking, which was stable, 
and foundries, which declined 22%. The 
three major uses, steelmaking, refractories, 
and foundries, accounted for 6396 of report- 
ed consumption. 

The actual amount of natural graphite 
consumed was greater than that shown in 
table 4, which reports only the results of 
a canvass of major known consumers. Total 
graphite consumption is estimated to have 
been 67,000 short tons in 1976. 

Figure 1 summarizes graphite end use 
patterns as indicated by a canvass of major 
consumers. While the canvass probably 
gives a good indication of consumption pat- 
terns, caution is advised in use of these data 
for absolute amounts, due to the fact that 
the canvass in some years accounted for less 
than two-thirds of apparent consumption. 


Also, some major variations from year to 
year in various end uses may not be real 
because of inconsistencies in reporting. 

Recent new or proposed uses for graphite- 
epoxy composites include the speedbrake 
for the McDonnell F-15 Air Force fighter to 
replace aluminum alloy;* 10% of the total 
structural weight of the McDonnell and 
Northrop F-18 Navy fighter; upper aft 
rudders on DC-10’s and payload bay doors 
on the space shuttle; ie automobile leaf 
springs and drive shafts for weight re- 
duction;! and machine tool parts for dras- 
tic roductions in weight. 


Materials Engineering. ΠΝ 
νας ατα. 
Mami ras Material Use in Jet Fighters 
Grows rs at McDonne Aircraft. Am. Metal Market, v. 83, 
No. 150,. he 2, 1976, p. 27. 
iolron It's Time For a Change in Aircraft Mate- 
rials. V. 21 "No. 18, Mar. 29, 1976, pp. 83-33. 
11plastic πα το. ο IUE Materiali 
Designers. P. 


— rispa Or wao, 
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APPARENT 
CONSUMPTION 


Ó 


Steel making 


Refractories 


Thousand short tons 


Foundries 


Crucibles, retorts, etc. 
Lubricants 
Brake ning 
Pencils 


All other uses 


1967 68 69 7ο 71 72 73 74 75 76 77 78 79 80 
Figure 1.—Graphite end use patterns, 1967-76. 


GRAPHITE 621 
Table 4.—Consumption! of natural graphite in the United States in 1976, by use 
(Short tons) 
Use Crystalline Amorphous* Total 
Quantity Value Quantity Value Quantity Value 
Batteries 894 $619,249 748 $518,848 1,187 $1,138,092 
Brake linings ..........------.-.--------. 684 4388, 795 1,658 651 2,997 1,090,198 
Carbon product? 796 6518, 040 974 719,311 1.770 = 1,287,351 
Crucibles, retorts, stoppers, 
sleeves, nozzles .......................-.... 9,209 1,203,135 1,235 514,170 4444 1,717,305 
Foundries _ _ _ --- 1729 670 5,821 883,566 - 7,550 1,568,863 
Lubricants* CL“ 1,361 976,870 2,177 792,117 9,588 1. 769, 587 
Pencil s 1,652 1,083,654 520 184,181 2172 1,061,185 
Powdered metals ______..____ 422 428,110 130 138,417 552 561,5 
Refractories .....................--...--.-- 1987 8 9,897 1 197, 181 11,884 1,619,506 
Rubber μασ ρα. W W W 511 259 
Steelmaking -.------------- 470 206,563 17,306 83.082.588 17,776 3,239,101 
Oder Lll me Eu. 5,567 1,496,247 573 315,177 5,629 1,551,590 
lll 18,271 7.908, 285 41,029 8,897,449 59,300 16, 805,734 


W Withheld to avoid disclosing individual company confidential data; included with Other Crystalline” and Other 


Consumption data incomplete. Small consumers excluded. 
of natural and manufactured graphite. 
carbon brushes. 


3I[ncludes mixtures 
Ancl 


PRICES 


Average prices of graphite imports con- 
tinued to increase in 1976 as worldwide 
inflation continued. The average price of 
Malagasy crystalline flake and fines in- 
creased about 4%, Sri Lanka amorphous 


The following tabulation’? shows repre- 
sentative price ranges for several countries 
from which natural graphite is imported. 


lump and chip increased about 25% and Per short ton 
Mexican amorphous increased about 5%. 1975" 1976 
Decreases in prices occurred in imports of I 
Norwegian and West German crystalline Flee ηπὰ cpymalline 
and Korean amorphous. Germany, West ---- 52214901 $212-$1,210 

Actual prices are often negotiated NM. TE ο... 150-236 
between the buyer and seller, so price Sri Lanka 225-405 168-406 
quotations represent the average of a range  ^orphous, nonflake, 
of prices. The source of information for phite (8096 to 
imported graphite is the average value per Korea, Republic 
ton computed from table 6; however, these d (bags) ------- 8 igen 
data mainly represent shipments of unpro- οι ee 
cessed graphite. "Revised. 

FOREIGN TRADE 


The broad upward trend in exports of 
natural graphite continued in 1976, after a 
slight setback in 1975. Exports increased 
16% in 1976 to 12,236 short tons. Canada 
remained the principal buyer with 3,394 
tons. Other major recipient countries were 
West Germany (1,688 tons), Poland (1,127 
tons), and Japan (1,062 tons). Graphite was 
also exported to 41 other countries. 

Imports of natural graphite increased 
21% to 77,698 short tons in 1976 but were 
still below the 1974 high of 81,070. A 28% 
increase in imports of amorphous graphite, 


due mostly to the 13,007 tons from the 
Republic of Korea, brought the amorphous 
portion to 88% of all imports. This is part of 
a gradual change over the last 25 years 
which has resulted in a shift from 6596 
amorphous in 1950 and 1951. Imports of 
crystalline graphite were 596 lower than in 
1975, however, imports of crystalline flake 
from the Malagasy Republic increased 10% 
to 4,071 short tons, or roughly a third of all 
crystalline imports. 


3 Engin sering and Mining Journal. Markets. V. 177, No. 
12, December 1976, p. 48. 
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Table 5.—U.S. exports of natural graphite,’ by country 


1975 1976 
Destination Quanti Quanti 
(abort Value x Value 
tons) tons) 
ATONE e ο ώς ὁ κο μμ ροών usus δι $16,000 
Argentina ...................--.-------------.----------.-.-.-.---.------- 116 24,545 197 $45,558 
e ο noon S eee n. 962 45,186 514 71824 
τ τι 35 3634 35 $583 
um-Luxembourg __________________________ 
Bas... nu una A iue S ma ume 285 82,891 187 44,861 
ατομα ee πε E 2,707 596,820 8,894 778,898 
/ööÜO f ] ͥͤ ¼m d T" ES 11 4,685 
So 50 18,093 198 69,104 
Denmark. ——-.- ο οκ m ο μμ. 104 304 76 10,941 
F IM 50 4,906 26 8,243 
τ... G 1 88 216378 1 638 $26,990 
Ida -- c ah e ο ο ουσ S ” 99 11,276 ' 41 5,816 
IndoDNNR o occu muse 6 1,148 ΝΤΟ . 
INN i =Z D z E cuc E DL e ee 70 19,126 17 6,250 
6 Ü A y uet niet Pl -- 62 9,882 
Ia. E ος κ ο ει 5 Ue d E I n 187 16,274 2A 4,516 
Hay. oda ο ώς κώμα eee Ed 164 18,247 28 3,166 
Japan lc roc ae Sut 700 124,185 1,062 159,286 
Korea, Republic o P ἘΠΕ 68 8,280 
Malaysia _ — - — - σι een uae a Eun 10 1,099 
Miro το nuu mnc y SS sus MEE LUE 298 78,522 451 65,269 
Netherlands ~~~ ~~ ~___ lc 2222222 1,850 500 18,298 
d ο πι un. o aod . Le me Eu LÍ 84 8,923 5 be 
ΙΤ ΓΞ s: 3,862 T iod 
[S ORO OR ο s. e ο ον s 84 10,878 48 9,946 
Philippines _________________ 222222- 249 81,755 105 34,621 
Poland o u K ry 18 000 1,127 154,921 
Τι, ως Gl μαι ee Cera ele EE 1 29 13,020 
South Africa, Republic «44 96 11,270 181 19,878 
BOQ n Lucan ee eee eee deu dd 848 88,715 852 84,114 
Bodén o ρα ορ ieee eee ας. 61 8,453 97 
Switzerland daga 88 8,870 88 6, 
Taiwan p "CIR 84 8,659 8 NT 
United Kingdom ---------------------------- 804 715 649 19 
= = καλώς Elus Ui LAE uM LU LL 280 9 46 449 154768 
ο ρα πα ta 8 150 14,748 119 19,028 
JJ7ÜĩÜ yd ee ee n Ed Es 10,586 1,889,718 12,236 2,388,446 
"Revised. 
1 Amorphous, crystalline flake, lump or chip, and natural, not elsewhere classified. 
Table 6.—U.S. imports for consumption of natural and artificial graphite, 
by country 
Natural 
i Other natural Artificial! Total 
πο MC lum chip crude and 
Year and country — EE — — _ — refined — = —— — 
Quan - Quan- Quan Quan- 
tity Value tity e tity brian tity ο tity ce 
1974 oe ee E 4,740 $1,008 382 $119 75,948 $4254 | 1,5660 $301 82636 $5,677 
1975: 
Belgium-Lurembourg 9 o E ἘΠῚ -— EN Sa Ò 9 
F 241 15 82 19 51 18 124 14 1571 251 
China, People's 
ic ο... ἘΠῊΝ En ΕΞ m 2,500 792 a -. 2,500 192 
France Ἐπ m aor a= 6 9 SR EN 6 9 
F -. — τ Ὁ Ww E E M5 “i 
μ..-᾽- B «a --- --- 67 12 — — 2 56 
CTC E E -- NN (3) 2 = E (3) 2 
Malagasy Republic — 38 5X -- — m G 5 U 399 ὃν 
e i m ae "n PE 
Mexico em TE n" -- 50,283 1,488 s — 50,288 1,488 


See footnotes at end of table. 
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Table 6.—U.S. imports for consumption of natural and artificial graphite, 


by country —Continued 
Natural 
; ine Other natural Artificial! T 
maine jump, chip crude and Van 
Year and country ώμο RR RR 
Quan- Quan- Quan- Quan- Quan- 
ds ue dy ome uy me Se uy um 
tons) sands) tons) tons) sands) tons) sands) tons) sands) 
1975 —Continued. 
Netherlands s eat E — 8 $1 ze PS $1 
Norway - ἜΠΗ —— 1.321 326 -- — 1,821 826 
i Lana 1 $1 218 $69 2,017 590 κε ΚΗ 660 
Switzerland _ .... ΕΝ m tes AE TR a 80 $63 80 63 
wan __ κο AE es ME 3 ae e (3) (3) 
U.S. S. R ἜΠΗ πο S ET 415 Ss -- 475 
United Kingdom EUM Ἐπ (2) 8 41 21 3 3 41 
Totaẽ 4,270 1,18 250 91 59,770 4,149 1,978 840 65,668 5, 698 
1976: 
Austria == ae MN T 132 25 e — 182 25 
Canada ___________ SM va ee τ... 44 96 484 60 418 86 
China, People's 
Republic of 120 82 ER _. 2419 669 55 19 2,654 120 
FP E 10 8 61 21 1 1 72 81 
Germany, West ______ 259 125 e _._ 1,80 399 317 89 1.756 613 
PFF κο Ἔν ΝῊ TM 17 15 n ao 17 15 
! M" et 5 7 us yes 3 1 δ 8 
Japan ο c 20 7 60 21 854 185 434 163 
ΡΕ 3 -- m" ΝΗ — 18,007 803 e — 18,007 808 
Malagasy Republic . _ _ _ 4071 1,058 11 8 664 159 = —— 4,746 1,209 
Mexico κ Mn e -. 51,898 1,600 MES _— 51,398 1,000 
Norway 143 85 TN uc 411 73 cl RN 554 108 
Panama .........- ΜΝ EA - 221 190 ie .. 221 190 
Sri Lanka 57 14 255 104 1,44 528 e 1,756 646 
Switzerland ________ ΚΕ m ET E 15 239 188 259 203 
y sou oc c 85 P o- - É 2 
nited Kingdom = S EN uns 
USS Rio 5 κα ET = _. 1,960 263 E -- 1.360 263 
Vietnam __________ == = 84 En = ο. = 84 22 
C 4.687 1,272 885 146 72,626 4,842 1,400 498 79,098 6,759 


Includes only that received in raw material form; excludes preducts made of graphite. 


Less than 1/2 unit. 


WORLD REVIEW 


World production of graphite increased 
slightly in 1976, with nearly all producers 
showing some increase. Mexico and the 
Republic of Korea remained the main pro- 
ducers of amorphous graphite. Shortages of 
Malagasy flake graphite have lessened, but 
industry continued to seek viable alterna- 
tive sources. 

Brazil.—A growing producer, Brazil has a 
current annual capacity of 8,000 tons per 
year of flake and powdered graphite at the 
principal deposits in Itapecerica.'* This 
could develop into an important source of 
flake graphite. 

Canada.—An intensive drilling and bulk 
sampling program is underway at a graph- 
ite deposit in the Deep Bay area near 
Reindeer Lake in Saskatchewan. Quality 
tests must be conducted before a decision is 
made to proceed with commercial pro- 


duction. Deep Bay Graphite Co. Ltd., a 
subsidiary of Superior Graphite Co., owns a 
60% interest, with Saskatchewan Mining 
Corp. holding the remaining 40% interest 
in the graphite mine. Open pit reserves are 
estimated to be 1.8 million tons containing 
10.82% carbon. Production of 9,000 tons per 
year of flake graphite is projected. About 9 
tons of product is being produced at a pilot 
plant at Lakefield Research of Canada, Ltd., 
to be distributed to industry for assessment 
in industrial processes and market accept- 
ance. Results of the feasibility study are 
expected in late 1977. 


14[ndustrial Minerals. Natural Graphite Retains Tradi- 
tional Markets. No. 109, October 1976, p. 27. 


Department of Mineral Resources, Government of 
Saskatchewan. Inven and Outlook of Saskatchewan's 
Mineral Resources. April 1976, p. 85. 


16Work cited in footnote 3. 


624 


Germany, West.—Production of crystal- 
line flake graphite is by one company, 
Graphitwerk Kropfmuhl, which has 
embarked on a new investment program 
involving the installation of underground 
machinery at the mine, as well as new 
milling and flotation equipment. 

Korea, Republic of.—Production of amor- 
phous graphite dropped 15% while pro- 
duction of crystalline was up 50% from 1975 
and up nearly 30096 in the last 2 years.'* 
Korean amorphous has become a replace- 
ment for imported materials from Mexico, 
which have dropped off in recent years. 

Malagasy ` Republic.—Establissements 
Gallois, the largest of the country's graphite 
producers, recently brought its new deposit 
into operation. Other producers also have 
made significant plant improvements. The 
island industry should be in better condi- 
tion to meet increased demand. French 
owners would reportedly sell out to the 
Government if reasonable terms were offer- 
ed. There is still the distinct possibility of 
nationalization in a negotiated settlement 
or otherwise. 

Mexico.—This country can be described 
as a mature mining area with good deposits 
increasingly more difficult to locate. Output 
has leveled off in recent years, despite 
efforts to increase production. Production 
has actually been dropping since 1973, the 


peak year. 
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Norway.—A/Skaland Grafitverk contin- 
ued work on the deep shaft at mines in the 
Lofoten Islands, Troms County, preparatory 
to extraction of graphite deposits from be- 
low sea level. Improvements to surface in- 
stallations include new screening equip- 
ment. Development work at the mine is 
continuing, and further graphite grades 
have been produced in response to in- 
creased demands for powder fractions and 
larger flake grades. Norway continued to 
be a stable and readily available source of 
graphite. 

Sri Lanka.—Development work proceded 
satisfactorily at all three principal graphite 
mines at Bogala, Kahatagaha, and Kolonga- 
ha along with the development of the new 
mine at Rangala. The State Graphite Corp., 
which works these mines, is installing a 
flotation plant for the upgrading of the 
ore.* A mine at Walakatahena, closed fol- 
lowing a disaster in the 193078, is of being 


17Work cited in footnote 7. 
!*Mining Annual Review-1977. The Republic of Korea. 
June 1977, pp. 398-399. 
1°Cooper, H. T. Graphite. Mining Annual Review-1976, 
June 1976, p. 119. 
308] S. Embassy, Tananarive, Malagasy Republic. State 
De t Airgram A-031, Ὃ 4 1976, p. 5. 
1Page 25 of work cited in footnote 7. 
ciis cited in footnote 15. 
"$t p ! H. i» Graphite. Mining Annual Review-1977, 
June 1 1 


Anno Review-1976. Sri Lanka. June 1976, p. 


Table 7.—Graphite: World production, by country 


(Short tons) 

Country! 1974 1975 1976P 
Argentina r66 *45 
C — n νομος EM EL D 82,513 33,715 *35,800 
Brazil aa 22. ³ðK 8 6,111 7,275 7,700 

JJ) 8 2386 96 110 
China, People’s Republic of? |... --------- 145,000 55,000 ,000 : 
νο a c eL 18,172 14,944 *15,500 
Indi occ ula i Le cues EM 420 20, 824 000 
7ôͤĩↄð?wʃẽ ee 72.601 1,431 71,700 
Korea, North? `- «é „„ 1 „ ͤ ↄ•j —uy;ᷣ 85,000 000 000 
Korea, Republic oe „„ 115,589 52,064 255, 000 
Malagasy Republica. 049 19,592 20, 000 
Mexico ___________________________________ 68,951 036 «68000 
Norway lo . . ae Se ees 710,690 10,334 °10,500 
T Recette again = ss 6,600 6,600 6,600 
Sri ΓΚ . mous Su a Duss 410,414 11,493 “11,600 
Republic ot 1,712 577 440 
U SSSR b;: oto ⁊ yy yd y LEE 1100, 000 1100, 000 105, 000 
United dd ⁵ð-ñ ες δεν αρ ei ces 
Tota]; pp ̃ pp Kr itu T548,284 486,025 499,995 


*Estimate. Preliminary. "Revised. W Withheld to avoid disclosing individual company confidential data. 


1In addition to the countries 


hoslovakia, Southern 


Rhodesia, and the Territory of South-West Africa are 


listed, Czec 
erea to produce graphite, but available information is inadequate for formulation of reliable estimates of output 


*Data for year Apr. 1, 1974, through Mar. 31, 1975. 


«Data fepcesent marketable production, including some produced from imported raw materials. 
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reclaimed. Substantial resources have been 
allotted to research and development for 
the first time in the industry's history. 
Equipment has been manufactured for the 
production of flake graphite by the sieve- 
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roling process, and new flotation equip- 
ment has been installed at Bogala.** Work 
also commenced on a prospective mine at 
Ragedera, where mining was to commence 
at the end of 1977. 


TECHNOLOGY 


Graphite intercalants have been the sub- 
ject of several investigations owing to their 
ability to modify the properties of various 
compounds. Graphite intercalated com- 
pounds have shown high electrical 
conductivity." Pure graphite powder, treat- 
ed with antimony pentafluoride as an in- 
tercalant, is packed into a copper tube, and 
the diameter is reduced by swaging from 
0.25 to 0.04 inch. The resulting rod shows 
electrical conductivity up to 50% higher 
than the copper alone, owing to alinement 
of the intercalant layers and orientation of 
the graphite. Graphite intercalants might 
be used as electrical wire, as this process 
also imparts high strength, light-weight, 
and elasticity.** In a related study, electrical 
charge is applied through a nonaqueous 
lithium perchlorate solution to an electrode 
formed of powdered graphite and lithium 
fluoride.* The resulting electrochemically 
formed graphite intercalation compound is 
suitable for reversible positive electrodes 
for storage battery systems utilizing electro- 
lytic solutions of nonaqueous lithium com- 
pounds. The formation of graphite interca- 
lated compounds with certain reagents is a 
simple way to modify their reactivity. Stoi- 
chiometric reactions and electrolytic 
reactions were studied for intercalation of 
organic and inorganic molecules. More 
work is suggested to standardize prepar- 
ation of reagents and for reuse of graphite. 

Direct fluorination of graphite produces 
carbon monofluoride, which has outstand- 
ing oxidative and thermal properties, ex- 
cellent dielectric properties, and is a supe- 
rior lubricant. Studies continue; prepara- 
tion appears to be the main problem. 

New graphite products include a mold- 
release coat used as a release for no-bake 
sand cores and as an aluminum extrusion 
lubricant, and a graphite-base adhesive 
which allows repair and restoration of glass- 
to-metal seal fixtures for use at tempera- 
tures of up to 4, 500“ C.» High-alumina 
compositions containing graphite are used 
to formulate the most successful pouring 


nozzles for high-manganese steel.“ Graph- 
ite heat exchangers can now operate at 
temperatures up to 1,200* C, aided by a new 
glassy-carbon coating which seals pores to 
minimize shrinking. Phenolic-resin-coated 
units have been limited by the coating to 
about 340° F.2 

Graphite substrate lead dioxide anodes 
have been developed with sizes suitable for 
use in high-amperage cells involved in pro- 
ducing  chlorates and  perchlorates.** 
Electrodeposited lead dioxide shows the pro- 
mise of developing high efficiency as an 
inert and insoluble anode. It is the only 
present alternative to platinum for produc- 
ing perchlorates. 

The hot-pressing process used to shape 
flat and curved boron carbide armor plate 
consists of preforming the boron carbide 
grains and then subjecting them to simulta- 
neous high temperature and pressure in 
graphite molds.” Graphite is the only 
known material that can withstand the 
heat (4,000° F) and pressure needed .to 
densify the material and fuse the boron 
carbide grains. Graphite is also easily 
machinable into intricate configurations, 

page 22 of work cited in footnote 7. 

Mining Annual Review-1977. Sri Lanka. June 1977, p. 


37Gan, J. N., and F. L. Vogel, Jr. Preferred Orientation 
Anisotropy of ae Cal In pounds. 


Electro-chemical Divisi versity of Pennsylvania, 
Philadelphia, Pa., July 12, 1 1990. 83 pp. 
mical and Engineering News. V. 54, No. 14, Apr. 5, 


1976, p. 14. 
„R. K., D. L. Deshpande, and P. N. Critchlow. 
Formation of Graphite Intercalation 
Storage Batteries. of Naval ET 
lington, Va.), Ser. No. 567,928, May 12, 197 
pp; a available from National Technical Information 
Springfield, Va. AD-D002864. 
Chem Tech. V. 6, No. 8, August 1976, pp. 510-515. 
31Page 529 of work cited in footnote 21. 
Metal Progress. V. 110, No. 8, December 1976, p. 81. 
7) Materials Engineering. V. 84, No. 7, December 1976, p 
“Hallet, M. M., IBF 1976 Conference-Part II. Foundry 
Management and Technology, v. 104, No. 11, November 
1916, p. 30-81. 
35 Chemical 


Engineering. V. 83, No. 21, Oct. 11, 1976, p. 


K. C., and H. V. K. Udu 
of Graphite Substrate’ Leed " Dioxide 

ode. J. . Soc., v. 128, No. 9, Septem- 
ber 1976, pp. 1294-1298. 


Jobs. V. 21 „No. 18, May 3, 1976 pp. rik 
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such as the reverse airfoil shapes required 
for turbine blade and vane molding, which 
are hot-pressed from silicon nitride and sil- 
icon carbide powders. 

Graphite is the most widely used of all 
electrical discharge machine (EDM) 
materials.** It is very machinable, relatively 
low in cost, and exhibits good thermal 
and electrical conductivity. A  copper- 
impregnated graphite of high density (2.6 
grams per cubic centimeter) with fine grain 
structure permits machining of EDM mate- 
rials to fine detail. While low-density graph- 
ite electrodes cost less, they wear more 
rapidly and unevenly, resulting in unac- 
ceptable tolerances. 

Research and development continued as 
interest in production items of carbon and 
graphite fibers increased. Components fab- 
ricated of silicon-carbide-processed graph- 
ite composites can withstand temperatures 
of 3,250° F in roducing or inert atmos- 
pheres. They also feature excellent wear 
and abrasion resistance. Uses include pump 
seals, bearings, and soldering fixtures. 

Pultrusion, the process of pulling resin- 
impregnated fibers through shaped dies, 
can achieve the kind of cost effectiveness 
necessary for composites to get a wider 
foothold in industrial applications.* Com- 
posites made from graphite fibers created 
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by this process are used in the manufacture 
of a variety of components for textile equip- 
ment, leisure products, and aerospace parts. 

Some of the problems encountered in use 
of graphite-epoxy composites are moisture 
absorption and promotion of galvanic corro- 
sion when the composites are placed in 
contact with certain metals.“ Moisture 
absorption is the most serious problem be- 
cause it can greatly affect flexural, com- 
pressive, and shear strength of the matrix. 
Potential methods of preventing moisture 
absorption include ion vapor deposition of 
aluminum and use of a high-vinyl modified 
epoxy or a new class of addition-poly- 
merized polyaromatic melamines as the 
matrix. Galvanic corrosion of aluminum 
rivets presents a serious risk in composites. 
The use of chromate conversion coatings 
over cadmium plate or the use of titanium 
or A-286 superalloy fasteners could prevent 
this hazard. 


35McMahon, D. R. Graphite Most Widely Used, All 
Material. Am. Metal 


Purpose EDM Metal Market, v. 88, No. 56, 
Mar. 22, 1976, p. 26. 


Materials Engineering Silicon-Carbide/Graphite 
Composites. V. 84, No. 7, December 1976, p. 58. 
“Tron Age. Pultrusion Makes Composites Cost-Effective. 
V. 217, No. 19, Ἢ, 1976, pp. 58-59. 
K. H. Corrosion of Advanced ks tes: A 
broken With Solutions. Materials Eng., v. 84, No. 7, 
December 1976, pp. 46-48. 


Gypsum 


By J. W. Pressler! 


In 1976, the gypsum industry recovered 
from the recession in the building indus- 
tries in 1975. Output of crude gypsum in- 
creased 23% to 12 million tons. Production 
of calcined gypsum increased 20% to 11 


million tons. Sales of gypsum products in- 
creased 1696 to 18 million tons. Imports of 
crude gypsum increased 14% to 6.2 million 
tons. Total value of gypsum products sold 
increased 27% to $655 million. 


Table 1.—Salient gypsum statistics 
(Thousand short tons and thousand dollars) 


United States: 
Active mines and plante! 
Crude: 


Exports (val 


ue) 
Imports for consumption (value)) „ 
World: Production = ολ ο E ENTER 


Value_______________________ 
Products sold (value) . . - - -.....----- ----------.------ 


1912 1978 1974 1975 1976 
108 112 116 110 117 
12,328 13,558 11,999 9,751 11,980 
$48,504 650 $52,894 654 $59,888 
7,718 7.661 7,424 5,448 6,281 
219 822 463 369 518 
2,005 12,592 0,993 9,181 11,086 
$195,862 $205,326 713 186,478 1854 200 
,569 ,102 19,6 360 
$5,276 $7,360 10,844 10,48 DM 
$22,042 $21,987 1,889 19,810 1,754 
64,470 67,829 67,704 66,281 


"Revised. 
! Each mine, calcining plant, or combination mine and plant is counted as one establishment. 


DOMESTIC PRODUCTION 


The United States was the world's lead- 
ing producer of gypsum, accounting for 1896 
of the total world output. 

Thirty-nine companies mined crude gyp- 
sum at 68 mines in 22 States. Output 
increased 2396 but was 12% below the 1978 
record. Leading preducing States were 
Michigan, California, Texas, Iowa, and 
Oklahoma. These five States each produced 
more than 1 million tons and together 
accounted for 64% of the total domestic 
preduction. Stocks of crude ore at mines at 
yearend were 2.1 million tons. 

Leading companies were United States 
Gypsum Co. (18 mines), National Gypsum 
Co. and Georgia-Pacific Corp. (6 mines 
each), Celotex Div. of Jim Walter Corp. (4 


mines), The Flintkote Co. (8 mines), and H. 
M. Holloway Inc. (1 mine). These 6 compa- 
nies, operating 33 mines, produced 79% of 
the total crude gypsum. 

Leading individual mines were National 
Gypsum's Tawas mine in Iosco County, 
Mich.; United States Gypsum's Plaster City 
mine in Imperial County, Calif; United 
States Gypsum's Alabaster mine in Iosco 
County, Mich.; H. M. Holloway's Lost Hills 
mine in Kern County, Calif.; and United 
States Gypsum's Southard mine in Blaine 
County, Okla. These five mines accounted 
for 27% of the national total. Average 
output per mine for the 68 U.S. mines was 


1 Physical scientist, Division of Nonmetallic Minerals. 
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176,000 tons, compared with 143,000 tons 
per mine in 1975 and 160,000 tons in 1974. 

Thirteen companies calcined gypsum at 
72 plants in 29 States. Output increased 
20%, but was 12% below the 1973 record. 
Leading States were California, Texas, 
Iowa, and New York. These 4 States, with 
24 plants, accounted for 3996 of the national 
total. 

Leading companies were United States 
Gypsum Co. (28 plants), National Gypsum 
Co. (18 plants) Georgia-Pacific Corp. (9 
plants), The Flintkote Co. (6 plants) and 
Celotex Div. of Jim Walter Corp. (5 plants). 
These 5 companies, operating 61 plants, 
accounted for 87% of the national total. 

Leading individual plants were United 
States Gypsum's Plaster City plant, Impe- 
rial County, Calif.; United States Gypsum's 
Shoals plant, Martin County, Ind.; Georgia- 
Pacific's Acme plant, Hardeman County, 
Tex.; United States Gypsum’s Southard 
plant, Blaine County, Okla.; United States 
Gypsum's Oakfield plant, Genesee County, 
N.Y.; United States Gypsum’s Fort Dodge 
plant, Webster County, Iowa; and Weyer- 
haeuser’s Briar plant, Howard County, Ark. 
These seven plants accounted for 21% of the 
national total. Average output per plant for 
the 72 U.S. plants was 155,000 tons, com- 
pared with 124,000 tons per plant in 1975 
and 145,000 tons in 1974. 

Occidental Petroleum Corp., Valley Ni- 
trogen Producers Inc., Collier Carbon & 
Chemical Corp., and California Industrial 
Minerals Co., (all in California); Occidental 
Petroleum Corp. in Flerida; Miles Laborato- 
ries, Inc., in Indiana; and Texasgulf Inc., in 
North Carolina, sold 573,300 tons of by- 
product gypsum valued at $4.2 million for 
agricultural purposes. 

During 1976, National Gypsum Co. had a 
golden anniversary at its National City 
plant and Tawas quarry in Iosco County, 
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Mich., having started initial operations in 
1926. The quarry now produces about 
600,000 tons of crude gypsum per year, and 
the plant produces about 500,000 square 
feet of wallboard per day. Some of the crude 
gypsum is sold to the cement industry for 
use as a set-retardant, and the unused 
balance is shipped to the company's other 
plants in the Great Lakes area.? 

Only one gypsumboard plant was started 
up during the year, while three small plants 
were shut down, with no gain or loss in 
national production capacity. American 
Gypsum Co.'s Albuquerque plant in Berna- 
dillo County, N. Mex., started operations in 
the last quarter of 1976. Its associated 
White Mesa gypsum mine in Sandoval 
County, N. Mex. was the source οἵ the 
crude gypsum feed. Three board plants were 
closed in 1976: Kaiser Cement & Gypsum 
Corp.’s Delanco plant, Burlington County, 
N.J.; United States Gypsum Co.’s New 
Brighton plant, Richmond County, Ν.Υ.; 
and Temple Industries’ Dallas plant, Dallas, 
Tex. The Locust Cove underground gypsum 
mine of United States Gypsum Co., Smyth 
County, Va., was also closed. 

The Gypsum Association announced on 
January 3, 1977, that the available capacity 
of operating gypsumboard plants in the 
United States as of yearend 1976 was 16.5 
billion square feet per year. These data 
were obtained from a complete survey of 
the industry conducted with the coopera- 
tion of the Bureau of Mines.“ Total 1976 
gypsumboard production in the United 
States was 13.1 billion square feet. This in- 
dicated a 79.5% national utilization of ca- 
pacity for the year. 


City Times, City, Mich. Iosco National Gypsum 
Pian i Poductita fee 50 Years, Aug. 22, 1976, sec. A. p. 


Qj M the G Association. Peat, Marwick, 
Mitchell ac Co. Feb. 8, 1977; available for consultation at 
the Bureau of Mines, ashington, D.C. 
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Figure 1.—Supply of crude gypsum in the United States. 


Table 2.—Crude gypsum mined in the United States, by State 
(Thousand short tons and thousand dollars) 
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Table 3.—Calcined gypsum produced in the United States, by State 
(Thousand short tons and thousand dollars) 
1975 1976 
State Acti Quan- Active 5 
California 7 1.035 15,849 7 1476 21,481 
Florida 2-222 y 8 3 844 7.088 3 378 7,859 
p pp ̃ pp e E QI ον 8 512 11,225 8 548 18,181 
NOW Le nene dem l 8 5 851 17,802 5 1,003 20,823 
k πμ σωμα ⁰ et 4 385 9,689 4 456 19,924 
Nevada 44 3 319 6,148 3 495 10006 
New Jersey 7 4 433 5,254 3 400 6,316 
New York __ _ 5 2 y ͤ e on LE 6 716 138,494 6 740 16,189 
)))) 8 3 389 5,180 3 896 7,889 
JJ skt μια πω EI EI ecd 7 842 9,428 6 1,094 
„ l ace Das ues 29 845 75,871 29 4051 99,774 
BEER pec 74 9181 186,78 72 711,086 238,775 


Arkansas, Colorado, Delaware, Illinois, Indiana, Kansas, 
VF and Wyoming. 


udes Arizona, 
CF 
Data do not add to total shown because of independent 


Louisiana, Maryland, Massachusetts, 


CONSUMPTION AND USES 


Apparent consumption of crude gypsum 
(production plus imports, minus exports) 
increased 1996 to 17.9 million tons. Imports 
provided 35% of the crude gypsum con- 
sumed. Apparent consumption of calcined 
gypsum increased 2096 to 11.0 million tons. 

Stocks of crude gypsum at mines and 
calcining plants at yearend were 2.1 million 
tons. Of this, 1.2 million tons (55%) was at 
calcining plants in coastal States. 

Of the total gypsum products sold or used, 
5.4 million tons (80%) was uncalcined. Of 
the total uncalcined gypsum, 3.4 million 
tons (6490) was used for portland cement, 
and 1.7 million tons (32%) was used in 
agriculture. The leading sales regions for 
gypsum used in cement were the West 
North-Central, West South-Central, and Pa- 


cific; these three regions accounted for 46% 
of the total. For agricultural gypsum, the 
Pacific sales region accounted for 86% of 
the total. 

Of the total calcined gypsum, 9496 was 
used for prefabricated products and 6% for 
industrial and building plasters. Of the 
prefabricated products, 80% was regular 
wallboard, 1296 was fire-resistant Type X 
wallboard, and only 196 was lath. Of the 
regular wallboard, 8496 was 1/2 inch and 
9% was 3/8 inch. The leading sales regions 
for prefabricated products were the Pacific, 
East North-Central, and South Atlantic; 
these three regions accounted for 48% of 
the total. For plasters, the East North- 
Central, Middle Atlantic, and South Atlan- 
tic regions accounted for 59% of the total. 
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Figure 2.—Sales of gypsum products, by use. 


Table 4.—Gypsum products (made from domestic, imported, and byproduct gypsum) 
sold or used in the United States, by use 


(Thousand short tons and thousand dollars) 


U 1975 1976 
se 
Quantity Value Quantity Value 
Uncalcined: 
Portland cement JC yt 21,341 3,417 24,908 
PAN oes . E 1,482 9,138 1,714 12,229 
ον eevee ja Qe d Duo ibi i 0 ER COR eic C 178 2,588 3,662 
—w!!²⁰¹ð˖! · quA de Mon ot A 4,904 33,067 5,375 40,799 
Calcin 
Industrial plaster ____________-____-_-~~- 294 14,847 306 16,556 
Buildi - 
Regular base — . αιώνος em 176 6,120 155 6,193 
ill-mixed basecoat.. 2. 125 5,356 128 6,056 
(( i Im — T3 4,907 86 6,270 
Qo UT LACREET ακτών κ 162 6,232 121 5,362 
TREE Z 2 ees de nda eco πα acon a e e 3535 22,615 490 23,881 
Prefabricated products ________________~_ 9,855 443,089 11,849 573,624 
Total ORIGINS ununi mt iim 10,684 3480,550 12,645 614,061 
D DN VT ² ÜN ͤ m root 15,588 513,617 18,020 654,860 


Includes 369,000 tons of byproduct gypsum in 1975 and 573,300 tons in 1976. 
2Includes gaging, molding, and Keene's cement, roof deck concrete, and other uses. 
3Data do not add to total shown because of independent rounding. 

*Includes weight of paper, metal, or other materials. 
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Table 5.—Prefabricated products sold or used in the United States, by product 
1975 1976 
Product Thousand Thousand Value Thousand Thousand Value 
uare short (thou- square short (thou 
eet tons! sands) eet tons! 
Lath: 
3 / inenknkn‚„d 171.922 135 $1,144 178,437 135 $7,461 
1/2inch __ nd 9,142 9,267 430 
Total? _ -= 181,064 143 7,541 182,704 144 7,892 
Veneer base 188 218 12,975 862,981 845 16,677 
eating 199,340 189 9,09 212,561 254 12,818 
8 / Linen 926,841 7 027 988,762 757 89,124 
1/2inenngnggd 6,952,283 6,171 267,140 8,766,838 7,141 634 
5/ Lineng˖nFdn -- 490,594 465 24,919 561,503 530 28,951 
LH. uncus 15,978 31 1,935 17,068 82 2,085 
Other! 129, 774 108 5,177 164,737 118 7,082 
Total? __________________ 8,515,470 7,507 323, 197 10,493,908 9,188 429.326 
Type X gypsumboard ................-----. 1,408,512 1,600 70,655 1,598,577 1,781 80,717 
Predecorated wallboard lid 185,462 130 17,749 194,549 171 22,974 
Other... ul hee oe Se 8 1,878 17,293 14 2,721 
Grand total? ______________ 10,742,008 9,855 443.089 18,117,579 11,849 578,624 
!Includes weight of paper, metal, or other material. 
Pata may not add to shown because of independent rounding. 
Includes 1/4-inch, 5/16-inch, and 3/4-inch gypsumboard. 
ENERGY 


More efficient production scheduling and 
a higher rate of operational capacity con- 
tributed to an increase in the energy effi- 
ciency of the gypsum industry in 1976, with 
a 10.890 improvement compared with the 
base year of 1972. British thermal unit 
consumption per thousand square feet of 
gypsumboard sales in 1976 was 2.76 million, 


compared with 2.97 million in 1975.* 

As reported by the Gypsum Association, 
the percent fuel source for the gypsum 
industry in 1976 was as follows: Natural 
gas, 76.43%; electricity, 5.92%; coal, 2.91%; 
propane, 2.40%; No. 1 oil, 3.00%; No. 2 oil, 
9.10%; and No. 6 oil, 0.24%. 


PRICES 


The average value of crude gypsum in- 
creased from $4.58 per ton in 1915 to $5.00 
in 1976. The average value of calcined 
gypsum increased from $20.31 per ton in 
1975 to $21.45 in 1976. The average value of 
byproduct gypsum sold decreased from 
$7.96 in 1975 to $7.36 per ton in 1976. 

The average value of gypsum products 
sold or used increased from $32.95 in 1975 to 
$36.34 per ton in 1976. Prefabricated pro- 
ducts were valued at $48.41 per ton, indus- 


trial plasters at $54.10 per ton, building 
plaster at $48.74, and uncalcined products 
at $7.59 per ton. 

Quoted prices for gypsum are published 
monthly in Engineering News-Record. 
Prices at yearend showed a wide range, 
based on delivered prices. Regular 1/2-inch 
wallboard prices ranged from $44 per thou- 
sand square feet at Dallas to $93 at Chicago. 
Prices for building plaster ranged from $61 
per ton at San Francisco to $96 at Denver. 


FOREIGN TRADE 


Increased exports of gypsumboard, pa- 
nels, and tile were made to Canada and the 
U.S.S.R. Total value of gypsum product 
exports to all countries was $32.6 million, a 
sharp increase of 211% over 1975. The 
gypsum industry is import reliant. In 1976, 
35% of the crude gypsum consumed was 
imported. Imports were from Canada (72%), 
Mexico (21%), Jamaica (6%), and the Do- 


minican Republic and Brazil (the other 1%). 
Imports increased 14% to 6.2 million tons. 
Most of the imported crude gypsum was 
mined by subsidiaries of U.S. companies in 
Canada and Mexico. 


*U.S. Department of Commerce s Federal Energy 
Administration. Voluntary Industrial Energy Conserva 
rem An update of Progress Report No. 5, July 1977, pp. 90- 
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Table 6.—U.S. exports of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 
Other 
Crude, crushed, manu- 
Year or calcined factures Total 
n.e.c. value 
Quantity ` Value Value 
öÜ§ e ½1½⅛ E E So .. mus 132 8,910 6,934 10,844 
IJ ³ ³ſſ κο σε μα sua 15 4,505 5,976 10,481 
1916. oat uds ß ²k;k; A 8 284 6,789 
Table 7.—U.S. imports for consumption of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 
Other 
Alabaster 
Crude Ground or manufac — menu 
ear n.e.c value 
Quan- Value Qpan- Value — Value Value 
ο μεν ποπ ωωωνα EE 1,424 17,602 2 107 1,976 2,204 21,889 
1915222 n ma nes 5,448 16,021 2 172 1,365 2,252 19,810 
ιο — 8 6,231 18,061 22 22A 1,572 1,897 21,754 
1Includes imports of jet manufactures, which are believed to be negligible. 
Table 8.—U.S. imports for consumption of crude gypsum, by country 
(Thousand short tons and thousand dollars) 
i 1975 1976 
xi Quantity Value Quantity Value 
E ³⁰˙ i d E -- EN (4) (4) 
Branly pu ων κο nce CL ap ta Lc e e 8 10 
Canada uD. . . E ewe 4,022 11,844 4,463 18,811 
Dominican Republic ............-.-.-.-.--------------------------------------------- 129 2,438 84 1,496 
Πιν ο ne u 8 (3) 9 (3) 7 
P00 μονο yd yd d eL 274 659 356 574 
C7/ôöÜ% ö ꝗ́i.m xx 88 1.027 1,567 1,815 2,163 
United Kingdooennnununununun22ssss»n “ | 2 4 σα A" 
Total ono ⁵ ff LL 8 5,448 16,021 6.281 18,061 
1Lees than 1/2 unit. 


WORLD REVIEW 


Domestic and foreign resources of gypsum 
are adequate for any foreseeable time. 
World reserves are conservatively estima- 
ted at 2 billion tons. 

Brazil.—Rhóne-Poulenc of Paris, France, 
announced that Sociedade Comercial e In- 
dustrial de Artefactos de Gesso (SCIAG), a 
Brazilian offshoot, will construct three 
plants for the conversion of phosphogypsum 
into materials useful in the construction 
industry. The first plant was to be built at 


Cajati where the phosphogypsum will be 
converted into semihydrate by a Rhóne- 
Poulenc process, and used for the pro- 
duction of 110,000 tons per year of pellets 
for set-retarding of cement. A factory in Sáo 
Paulo will also use the semihydrates to 
produce plaster tiles, using a Rhóne- 
Poulenc patented process.* 


5Chemical Age. SCIAG Goes Ahead With Phosphogyp- 


sum Plan. V. 114, No. 3000, Jan. 14, 1977, p. 6. 
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Canada.—Canada was the fourth leading 
producer of crude gypsum, accounting for 
995 of the world total. About 80% of the 
gypsum mined in Canada is from the Atlan- 
tic Provinces, where quarries are operated 
by subeidiaries of U.S. gypsum companies 
and exported to the eastern seaboard of the 
United States to meet raw material require- 
ments of the building industry. τ 

Westroc Industries Ltd. announced a ma- 
jor expansion of its Ontario gypsum oper- 
ations, including the development of a new 
mine in the township of Blandford- 
Blenheim in Oxford County, and a further 
increase in the capacity of its Mississauga 
gypsum wallboard plant. The $5 million 
underground mine development was initi- 
ated with the sinking of a 12-foot diameter 
by 400-foot deep vertical shaft. Scheduled 
commencement of operations was mid-1978. 
The deposit has at least 30 years of 
reserves.* 

Anhydrite was produced in Canada by 
Fundy Gypsum Co. Ltd. at Westworth, No- 
va Scotia, and by Little Narrows Gypsum 
Co. Ltd. at Little Narrows, Nova Scotia. 
(Production and trade data on anhydrite 
are included with those for gypsum). Some 
219,000 tons was mined in 1975 and shipped 
to the United States for use in portland 
cement manufacture and as a peanut crop 
fertilizer. In this latter use it is somewhat 
more effective on a theoretical basis, 100% 
compared with 79% available CaSO, in 
gypsum.” 

France.—France was the third leading 
gypsum-producing country, with 10% of the 
world total. 

India.—The discovery of deposits of high- 
grade gypsum in the States of Jammu and 
Kashmir, estimated at 110 million tons, was 
announced by the Geological Survey of 
India. Half of the deposits are located near 
Doda and the other half near Baramulla. 
Because of India's sulfur import depen- 
dence, a private Indian company, Orissa 
Cement Ltd. of Rajgangpur, Orissa, was 
seeking a joint venture for the production of 
sulfur from gypsum.* 

Iran.—As a result of a survey conducted 
in 1975 and 1976, the Iranian Ministry of 
Mines and Industry announced the gypsum 
reserves of Iran to be 666 million tons of 
proven reserves and 1,373 million tons of 
" probable reserves.“ 
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Japan.—Japanese preduction of crude 
gypsum has been progressively reduced 
from 406,000 tons in 1978 to only 71,000 tons 
in 1976, and import-export trade was mini- 
mal in 1976. Japanese technology for the 
recycling of byproduct gypsum was leading 
the world. In 1975, a total of 5.5 million tons 
of chemical gypsum was produced as a 
byproduct of phosphoric acid preduction 
and other chemical processing such as so- 
dium sulfite, sulfuric acid, sodium sulfate, ` 
and from 137 different thermal power 
plants with fluegas desulfurization systems. 

Including a small amount of natural gyp- 
sum, 2.1 million tons of gypsum was used in 
1975 as a set-retarder in the cement manu- 
facturing industry, 1.4 million tons was 
used in the manufacture of wallboard, and 
700 thousand tons was used for construction 
plaster and plaster of Paris. The average 
value of byproduct gypsum in 1976 was 
equivalent to $5.25 per ton. Even with this 
high degree of utilization, surplus bypro- 
duct gypsum was increasing, and it was 
becoming a problem to secure sites for 
Storage and treatment. The Ceramic Society 
of Japan estimated there would be a vast 
oversupply of byproduct gypsum by 1980, 
with stocks in Japan totaling over 12 mil- 
lion tons despite an optimistic growth rate 
in the consumption level during this 
period. 
Mexico.—In 1976, Mexico produced 1.6 
million tons of crude gypsum, most of which 
was exported to the United States. The 
remainder was used in the cement industry 
as a set-retardant and as the raw material 
supply for two small gypsumboard plants 
owned by subsidiaries of United States Gyp- 
sum Co. and Kaiser Cement & Gypsum 
Corp. The large amount exported came 
from San Marcos Island, in the Territory of 
Baja California Sur, and was produced by 
the Mexican subsidiary of Kaiser Cement & 
Gypsum Corp., Cia. Occidental Mexicana 


Canadian Mining Journal. December 1976, p. 57. 
Stonehouse, D. H. G and Anhydrite. Canadian 
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ο... Delhi, India. State Department 
Telegram 5512, pr. 25, 1977, pp. 8 

Embassy, Teheran, Iran. State Department Air- 
gram A-225, Apr. xc s Cu pp. 1-2. 


10Harbin, Peter. The Industrial Min Japan d (Part 

2). Industrial inara No. 119, August 1977, 1977, pp. 
en International Trade and Industry 
termeasures 


cerning the Promotion of Coun 
Mr i: Sulphates, July 5, 1976, 11 pp. 
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S.A. This deposit has large reserves of high- 
quality gypsum ore and serves the West 
Coast of the United States. At yearend, the 
Mexicanization of the subsidiary was pro- 
ceeding according to the plan of the Mexi- 
can Government requiring that 60% of the 
equity be sold to Mexican interests." 

Pakistan.—The gypsum reserves of Pak- 
istan were announced as 74 million tons in 
1976. Large deposits of gypsum have been 
found in different regions in Punjab, Sind, 
Baluchistan, and North-West Frontier Pro- 
vinces, and were being used in the pro- 
duction of cement, chemical fertilizers, 
plaster of paris, etc. Production in 1976 was 
488,000 tons and was mainly consumed by 
the fertilizer industry for neutralizing the 
effect of saline and alkaline soils." 

Romania.—Process Engineering Co. of 
France announced a contract to build a 
phosphogypsum processing plant at Bacau. 
The plant will convert residual phosphogyp- 
sum from acidulation of phosphate rock 
into plaster tiles for the Romanian con- 
struction industry. Output will be 110,000 
tons per year, equivalent to 16 million 
square feet of tiles. The project will combine 
the Rhóne-Poulenc expertise in the purifica- 
tion and firing of phosphogypsum and the 
Lambert Industries’ experience in convert- 
ing the material into finished products. 

South Africa, Republic of.—The Republic 
of South Africa's somewhat limited gypsum 
industry remained in a lethargic state 
throughout most of 1976, reflecting (for the 
second consecutive year) a slackened do- 
mestic market. Volume of local sales was off 
6% compared with that of 1975. Price rises, 
the result of inflation, were of little help 
and did not present a favorable outlook for 
1977. Indications were that gypsum con- 
sumed in the Republic of South Africa 
during 1976 declined to the level of 532,000 
tons. 

Spain. Production of gypsum in Spain 
has been quite constant since 1968, re- 
maining between 4 and 5 million tons per 
year. In 1976, Spain retained its important 
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position in world gypsum production, rank- 
ing fifth, with 7% of the total. 

Spain has abundant and extensive depos- 
its of gypsum that occur in most regions of 
the country. The principal areas of Spanish 
production are in Barcelona, Madrid, Tole- 
do, Burgos, Castellon, Zaragoza, and Leon, 
and the main centers of consumption are in 
the large industrial areas, such as Catalonia 
and Madrid, and in the main tourist regions 
of the Mediterranean and the Balearic and 
Canary Islands. At least four of the larger 
companies are important, but very little 
domination of the industry was apparent. 
Exports have grown from about 4,000 tons 
in 1970 to 211,000 tons in 1974, principally 
to Scandinavian countries. 

Thailand.—Gypsum production in Thai- 
land peaked at 344,000 tons in 1974 and 
has subsequently fallen to 281,000 tons 
in 1975, and 296,000 tons in 1976. This was 
largely due to the depressed state of both 
the domestic and overseas building indus- 
try. The bulk of the production is consumed 
in the local cement and gypsumboard in- 
dustry. Most of the exports, which reached 
over 130,000 tons in 1974, went to Malaysia, 
Taiwan, and other Southeast Asian coun- 
tries. Two Provinces had most of the 
production-Phichit with reserves of 25 mil- 
lion tons, and Nakhon Sawan with 10 mil- 
lion tons of reserves. 

U.S.S.R.—The U.S.S.R. produced 11% of 
the world's gypsum in 1976 and ranked 
second in total world production. 


11Kaiser Cement & Gypsum Corp. Annual Report, 1976, 
pp. 12, 14. 

United States Gypsum Co. Annual Report, 1976, p. 15. 

190.8. „Islamabad, Pakistan. State Department 
Airgram A-069, June 22, 1977, p. 71 of enclosure. 

13Chemical Age. PEC Wins Gypsum Contract in Roma- 
nia. V. 118, No. 2994, Dec. 3, 1976, p. 7. 

14U S. , Johannesburg, South Africa. State 
Department Airgram A-10, Jan. 31, 1977, pp. 38-39 of 
enclosure 1. 

18Industrial Minerals. No. 103, April 1976, p. 31. 

16[ndustrial Minerals. No. 177, June 1977, p. 27. 
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Table 9.—Gypsum: World production, by country 


(Thousand short tons) 
Country! 1974 1975 1976” 
North America: 
Canada’ ndnd σος ατα αι sans 7,964 6,304 6,240 
ER E ARRE E E OY ee Z ce TS SCIENS ES 94 
Dominican Republic ...............-.---------------------------------------------.. r e149 4162 140 
EISAvüdot" —————— gym ⁰ dy y os Se rur 7 7 7 
Guatemala ——-— ig ee 8 *14 14 15 
Hondures ono ee s ri D E 1 91 
f . r a 280 909 
Mesko Loon ⅛˖—r⅛Mm co coc et ο M ayam 1,529 1,884 1,559 
U. ited Has J. dT το Un 11,999 9,751 11,990 
nited States eee. Cee mM ; 
South America: 
IDA u ———— ον ³ E 866 563 
e . eL ß eee 4 1 ° 
είς απ μοι c A-.... x SS sara 7466 425 $ 
Chis |. . ου D s 149 199 133 
Colombia o n Sr unused LLL όν σας T218 220 
ECUBMÍOP oo ¾˙—˙öUAAA..... E 8 :: m 91 
PATAgUSy -ooann εως LL ↄ¼⁵5 Lic 8 18 
no z Z us IE M P M SEU DURER TON | 9396 
„„ ⁵ d Á—— É— 181 233 189 
Aü. L τν reo ð . eee ee 886 849 780 
e c see noc e D E A Lr t 118 244 
B JJ õſddddſddddd r τας 1317 317 317 
Crechoslovak iss „ 693 702 661 
5 JJ). ³ 6,906 6,409 6,449 
PPS pasa u 8 1718 712 717 
Germany, Went (marketable) _ - -—- - -- --------------------- 72,538 2.291 92585 
J)) eeu ULL LEE S LH ⁵⁰ 886 481 459 
Ireland u ͥͥ0ͥ¹Üt‚¾Gñ ð- km EA 423 864 891 
lal c .d n ie 8 8,858 8,858 8,858 
UxSmDOUIE U uU UU ³ aeneum . Se E Su 4 5 2 
τι. πο ⁊ : :...... O 1.220 1.320 1 
"ο. ποπ ακουσα ο L 158 116 
)))) ĩðͤâvdd/ ²³˙ d DEUS UN 14, 494 4.652 24,629 
))üõãöã⁵⁰n 110 77 
CJ!!! ³˙¹ ¹⁰ o ͥ dd. ̃ y EL her 76, 600 6, 900 7,100 
United Kingdom Rdn LLL —————— 74,191 3,835 4,409 
„ ddp —M—— πα πδε 858 413 
Africa: 
Algeria, ECT ERROR πω ασια 8 r53 55 955 
οσον ο ß a E e CT es 44 
JJ PP a 1619 606 515 
ß d ON ee κο α EE ας AUN or 
Kenya" τα dd ß mm y 8 5110 5110 86 
Ly 2-2 v T.. Ea Ee 8 4 4 
Noe JJ y ĩ eee 4 " " 
South Africa, Republic ot ³ð—³ͤ Lue et 621 594 532 
%% cec ⁰˙-ſſ ͥ ⁰⁰ydp;õ x 33 33 
, . ß e ML ad m 14 *15 
TUDIN ul ù ñ̃AMMZAZAZ——QAA et c ο μα ha M: *44 e55 43 
DADA oea HEIC cC E 4 8 4 
Asia: 
Búrma 6205 απο LL LA Lu Li ο ο usa tus *30 43 40 
China, People's Republic o "990 880 1,100 
JJ 8 28 45 65 
/ ο ρε ⅛ ͥͥ k;-;;k mk ιο E ene 1,188 893 784 
Indonesa" ο ος olde eL LU κος LL LE 9 9 
!ööͤùõͤ ποπ o Au ML EL D rte Qu 2,600 12,700 2,800 
;ĩÜĩÜ5W ˙““w h ßdßꝙçd ĩ d = 171 "t 
large] — ³i;im. ꝛ˙ ˙— dd ͥydp K y ME CLA LP 220 220 220 
J κια κο ασ PUE EE ĩͤ ρα. 368 206 71 
κακο με 8 83 83 23 
Koroa, Republic OP S cane 88 1700 1570 680 
I W 14 *14 *14 
pass lia E AN NEA NOU E EN EEE EE NTETE EINE DENE 39 39 39 
ο ο ee ee ID REO RENE 213 488 
Finn... dono ieu 189 130 68 
Saudi Arabià ß . ee ee e e ai aane dei 19 919 919 
Syrian Arab Republic? ο .. 11 11 21 
Taiwan tK pem ⁵ T 8 4 3 3 
λατ 2 τος ³² ⁰ h ĩ mur mt 8 344 281 296 
a d ee LL 42 42 86 
Vietnam" o Sen oi lou c LLLI ας eie Puts 8 8 
Oceania: Vr I ³ J ½¼] AA περα eee 1,178 1,046 *1,086 
•ÜÜꝗ RE ¶d ERE ] RR RR 167,704 62,855 66,231 
*Estimate. Preliminary. ‘Revised. 
1G ypsum is also produced by Romania, but production data are not available. 
Includes anhydrite. 
Shipments. 
‘Net exports. 
5Sum of crude mine production sold directly and output of salable beneficiated product. 
Includes byproduct gypsum 


"Burmese fiscal year runs from April 1 of the year stated. 
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TECHNOLOGY 


The Norwegian firm of Den Norske 
Gipsplatefabrikk (DNG), has commissioned 
the first stage of a $6.7 million plant to 
produce polyurethane-filled plasterboard 
wall structures at Svelvik, near Drammen, 
Norway. The new plant is the first in the 
world to produce such wall structures by 
continuous production methods. The new 
system jointly uses DNG’s experience in 
plasterboard manufacture and Imperial 
Chemical Industries Ltd.’s urethane foam 
expertise. Initial production capacity of the 
DNG plant will be about 5.4 million square 
feet per year of Gipsotex Multielement. An 
eightfold expansion is planned over the 
next 4 years. 

An investigation was conducted by the 
Construction Materials Group of. Battelle 
Memorial Institute’s Columbus Laborato- 
ries to study the suitability of phosphogyp- 
sum as a reaction-rate controlling additive 
to portland cement and for the production 
of gypsum wallboard. The research revealed 
the feasibility within the cement manu- 
facturing and wallboard markets. Results of 
the project revealed that the use of pro- 
cessed gypsum in cement had no detrimen- 
tal effect on the properties of fresh concrete, 
such as increased air content or increased 
water requirements. Satisfactory wallboard 
was produced, and processed gypsum-stucco 
appeared to be as good as that of commer- 
cial plaster. The primary chemical impuri- 
ties in the processed gypsum (Fe, O, and 
CaCO») were not viewed as deleterious from 
the manufacturing or product performance 
viewpoint.!* 

Imperial Chemical Industries Ltd.'s Agri- 
cultural division (Billingham, Cleveland, 
England) developed a continuous process for 
the conversion of byproduct gypsum to the 
a-hemihydrate in a wet slurry, thereby 
producing a feedstock acceptable in plaster 
and gypsumboard manufacturing. The prin- 
cipal process characteristic was a double 


autoclave system, in which a slurry of 
gypsum, containing crystal habit modifiers, 
was heated by direct steam injection to 150* 
C at a pressure of 100 pounds per square 
inch to convert it to a-hemihydrate.!* 

Tightened Environmental Protection Α- 
gency pollution control standards forced 
several titanium dioxide producers to adopt 
the sulfate process, thereby getting into the 
byproduct gypsum business. Output of gyp- 
sum was at least five times that of titania 
production and similar to the production of 
phosphogypsum byproduct from the acid- 
ulation of phosphate rock to produce phos- 
phoric acid. The treatment plant of Amer- 
ican Cyanamid Co. in Savannah, Ga., de- 
veloped a two-stage neutralization of the 
strong acid effluent stream using pulverized 
limestone, and produced both a high-purity 
gypsum product and a high-iron, low-grade 
product. 

The application of gypsum or landplaster 
is very important in the fertilization of 
peanuts in the Southeastern States. Gyp- 
sum is a soil moderator, it promotes the 
more efficient use of balanced fertilizers, 
and it is an insurance factor against the 
formation of pops or unsound kernels 
during dry weather. Seed quality is 
influenced by the availability of gypsum; 
seeds with less than 500 parts per million of 
calcium germinate below desirable levels 
while those with more than 500 parts per 
million usually germinate well and produce 
vigorous seedlings.*! 


European Chemical News. V. 29, No. 748, Aug. 6, 1976, 


p. 11. 
19] ankard, D. R., and W. A. Hedden. Industrial Applica- 
tions for Processed Gypsum. Rock Products, v. 79, No. 6, 
June 1976, pp. 72-16. | 
10 Allen, M. Conversion of 


20Chemical Week. 
Gypeum. V. 121, No. 1, July 6, 1977, p. 29. 
iore À A. Farm Chemicals, v. 189, No. 10, October 
„P. 62. 
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Helium 


By Thomas G. Clarke! 


Total domestic sales of high purity he- 
lium (minimum 99.995% purity) in 1976 
decreased 3% to 580 million cubic feet 
compared with 601 million cubic feet in 
1975. Bureau of Mines sales constituted 
31% of the total; private industry accounted 
for the remainder. High purity helium ex- 
ports, all by private industry, increased 
about 2196 to 174 million cubic feet from 
144 million cubic feet in 1975. The Bureau 
of Mines f.o.b. plant price for high purity 
helium in 1976 was $35 per thousand cubic 


feet, unchanged since 1961. High purity 
helium sold by private producers averaged 
about $22 per thousand cubic feet, down 
from $24 per thousand cubic feet in 1975. 

Suits filed against the Government in 
1975 were pending in the U.S. Court of 
Claims at yearend 1976. The suits, seeking 
damages up to $273 million, contended that 
supply contracts under the Bureau of Mines 
conservation program were breached. Simi- 
larly, in June 1976, a third company filed 
suit and asked damages of $102 million. 


DOMESTIC PRODUCTION 


Α total of 12 plants had the capacity to 
extract helium from natural gas during the 
year. Ten of the plants were owned by 
private industry, and the other two were 
owned by the U.S. Government and operat- 
ed by the Bureau of Mines at Keyes, Okla., 
and Exell, Tex. Six extraction plants were 
located in Kansas, three in Texas, and one 
each in Arizona, New Mexico, and Oklaho- 
ma. Three private plants were not in oper- 
ation at yearend 1976 (see table 2). 

Total helium extracted from natural gas 
by both private and government sources 
was 1.34 billion cubic feet, an increase of 
24% compared with that of 1975. Total high 
purity extraction increased about 196 com- 
pared with a 7% increase in 1975; crude 
helium extraction was 75% higher com- 
pared with an 81% increase in 1975. Of tot- 
al helium extracted during the year, crude 
helium comprised 4496 of the total; high 
purity helium for sale constituted 56%. The 
Bureau of Mines accounted for 33% of the 
crude helium and 24% of the high purity 
helium extracted, private industry account- 
ed for the remainder. 


Initial performance tests were conducted 
in January on a 35-liter-per-hour helium 
liquefier at the Amarillo shipping terminal. 
Tests indicated the unit performed near 
rated capacity. In April, the first liquid 
helium dewars were received to support the 
liquid helium distribution operations at the 
terminal. 

Several potential energy-saving projects 
were initiated at the Keyes Plant during 
the year. These included the installation of 
orifice flowmeters to measure full gas usage 
to engine compressors; a water meter to 
provide information on excess water loss; 
fixtures to test injection valves; equipment 
to determine engine turbocharger efficien- 
cy; and a kilowatt-hour meter to determine 
incremental electrical usage within each 
plant operations area. 


1Mineral specialist (petroleum), Division of Petroleum 
and Natural Gas. 

2All helium statistics in this chapter are in terms of 
contained helium measured at 14.7 pounds per square inch 
absolute at 70° F. 
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Table 1.—Helium extracted from natural gas in the United States 


(Thousand cubic feet) 
1972 1973 1974 1975 1976" 
Crude helium:! 

Extracted at Bureau of Mines plante 262,197 175,976 169,414 183,725 193,150 
Extracted at private industry plants __ _ _ _ _ 3,204,806 2,381,971 15,073 149,794 391,553 
vi. ` ο v acte tess be Goa std ee we ae 3,467,003 2,557,947 184,487 333,519 584,703 

High A helium: 
Extracted at Bureau of Mines plante 173,526 180,114 168,662 184,524 180,285 
Extracted at private industry plant 458,675 467,102 3530312 — 3560,899 3574,087 
WR oS Sesh wee Cile dias Su 627,201 647,216 698,974 745,423 754,372 
Oud Bilal. acu dm Ear ath d delati 4,094,204 8,205,163 883,461 1,078,942 1,339,075 


PPreliminary. 

1Excludes crude helium purified after interplant transfer. 

2Includes only those quantities produced for sale; quantities entering conservation storage system after purification 
are included under crude helium. 

Includes helium purified at the Bureau of Mines Keyes plant for the account of others. 
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Figure 1.—Major U.S. helium-producing gasfields. 
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Table 2.—Ownership and location of helium extraction plants in the United States, 1976 


Category and owner or operator Location Product purity 
Government owned 
Bureau of Mines __________________-_____ Exell, Tek Crude helium. 
Doo — Keyes, Okla .......- € ; and high purity 
e 
EE Cryogeni Elkhart, High heli 
ο er 8. Elkhart, Kang um 
Cities Service Cryogenics, Inne Scott City, Kana 8 1 
Cities Service Helex, Ine Ulysses, Kans _______ Crude and high purity 
um. 
Kansas Refined Helium Co __________________ Otis, ; Kanns High purity helium. 
Kerr-McGee Corp? __ _ _ ........--... Navajo, Ari Do. 
National Helium | Corp: JJ ο akon EON τος Liberal, Kanns Crude helium. 
εί... oir qu ⁵ ⁵⁵⁵⁵⁵( E Bushton, Kanns Crude helium.“ 
Phillipe PRU (rm si m ur OR ωμή Το 2 Crude helium 
ως κο αι πο λαο 8 Hansford County, Tex .. 
Western Helium ooo N. Men High purity helium 


Output is piped to Cities Service Helex, Inc., plant at Ulysses, Kans., for purification. 

*This plant was closed permanently on Feb. 28, 1976 due to depletion of reservoir. 

This plant has not operated since late 1978 to early 1974. 

‘Output is being stored in the Bureau's Conservation System. 

This plant was shutdown in 1976. ο AE μον 1971. 
This plant in operation in 1976, but at reduced capaci: 


Table 3.—Summary of Bureau of Mines helium plant and Amarillo shipping terminal 


operations 
(Thousand cubic feet) 
1974 1975 1976 
upply: | 

Inventory at beginning of period ................--.-----.-.------------- 8,632 9,291 9,806 

Helium extracted:* 

Exell plant: 
Crude eco ατομα δις 85,036 86,111 12,443 
t: 

JJ C M Li λε é 184,878 147,614 180,707 
High purity’ ³o¹ A 88 170,194 186,899 181,574 
Total Keyes plant... 222 ---.----------------------------------- 804,572 884,018 $62,281 
2 ðV2Ludõ' . 8 889,608 870,124 874,724 
Helium returned in containers (net)... -—-- --- --------------- 2,985 1,849 717 
Total süDDly © 2 ee i Be eee $51,175 880,764 885,246 
e of high purity πο]ίμπι.............-..-.------------------------------------------- 168,662 184,524 180,285 
Net deliveries to helium conservation system* _________.___-_-- 178,222 186,485 196,580 
Inventory at end of period! _ _ _ l J. 9,291 8,881 
Total disposal___ __ ⁵ðüß ⁰ 851,176 880,764 885,246 


1At Exell and Keyes plants and at Amarillo shipping terminal. 
Excludes conservation helium produced from native gas withdrawal wells at Cliffside field that have been invaded by 


stored 


helium 
SExcludes 28,657,000 cubic feet purified for others in 1974, $9,896,000 cubic feet in 1975, and 68,226,000 cubic feet in 


1916. 


*Excludes return of conservation helium produced as indicated in footnote 2 to conservation storage system. 
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Figure 2.—Helium production in the United States, 1945-76. 


CONSUMPTION AND USES 


Principal domestic end uses of helium in 
1976 were in welding, purging and pressur- 
izing of rockets and spacecraft, research, 
and maintenance of controlled atmos- 
pheres. Other uses included lifting gas, leak 
detection, cryogenics, heat transfers, and 
synthetic breathing mixtures. Total domes- 
tic demand during the year was centered 
mainly in the Pacific and Gulf Coast States. 

Federal agency purchases in the form of 
direct sales from the Bureau of Mines con- 
stituted about 54% of the Bureau’s total 
high purity helium production. Almost all 
of the remaining sales of high purity helium 
by the Bureau were to Federal agencies 
through the General Services Administra- 
tion contracts to private distributors, as 
required by law to purchase equivalent 
quantities from the Bureau. These contracts 
made relatively small quantities of helium 
readily available to Federal installations at 
reduced freight charges for small pur- 
chases. 

The Bureau of Mines f.o.b. plant price of 
high purity helium in 1976 was $35 per 
thousand cubic feet, unchanged since 1961, 
and maintained for the purpose of financing 
the Government's helium conservation pro- 
gram. Except in special circumstances, this 


was not competitive with the private pro- 
ducer average price of $22 per thousand 
cubic feet, f.o.b. plant. 

All high purity helium sold by the Bureau 
of Mines was shipped in gaseous form in 
cylinders, railroad tank cars, highway 
tanker trailers, and in liquid form in con- 
tainerized dewars from the Amarillo ship- 
ping termirial. Private industry distributors 
shipped helium in both gaseous and liquid 
forms. Much of the helium transported in 
liquid form was delivered by semitrailer 
and/or containerized dewars to distribution 
centers where it was regasified and com- 
pressed into trailers and small cylinders for 


delivery to the end user. 
Table 4.— Total sales of high purity helium 
in the United States 
(Million cubic feet) 
Yeer Quantity 
Ίντο uo ar mtem: *515 
παπα RU auem *580 
191422 ˙ ] ]ðè 0 erus 4510 
(ασ ο μον 601 
J))... 8 5580 
*Estimate. PPreliminary. 
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Source: Midwest Research Institute 
" Comprehensive Investigation and 
Report on Helium Uses,” January 31, 1977 


Figure 3.—Helium consumption by end use in the United States, 1976. 


Table 5.—Bureau of Mines sales of high purity helium, by recipient 


(Thousand cubic feet) 
1974 1975 19165 

Federal agencies: 

Atomic Energy Commission:;ÜqT᷑ „„ 21,169 17,184 14,596 

Department of Defense .............-.--------------------------------------------. 45,432 60,551 61,821 

National Aeronautics and Space Administration... .__.___.____- -. 18,684 21,046 

National Weather Service -...............-.-.-.-.-.-.---.-------------.-----.-- 2,957 1,746 1,515 

Oe vm dd eio S y poA 8 4,298 4,968 4.757 

Total Federal agencies 87,540 105,495 97,579 

Private helium distributor sales uo | 11,049 80,185 
Commercial sales | j 1,980 2,521 

Grand total S dd IM LL EL S Aa 168,662 184,524 180,285 

PPrelimi 


liminary. 
1Became part of Energy Research and Development Administration on Jan. 19, 1975. 
2Includes quantities used by the Bureau of Mines. 
3Most of this was purchased by commercial which sold equivalent quantities to Federal installations under 
contract agreements with the General Services Administration. 
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CONSERVATION 


Helium held in the Bureau of Mines 
conservation storage system, which in- 
cludes the conservation pipeline network 
and the Cliffside gasfield near Amarillo, 
Tex. was 39,091 million cubic feet at year- 
end 1976, an increase of slightly over 196 
from that in 1975. Helium stored under the 
conservation program was 37,666 million 
cubic feet, an increase of 1,967 million cubic 
feet during 1976. Private preducers had a 


balance of 1,425 million cubic feet stored 
under contract with the Bureau in the 
conservation system (for future redelivery) 
at yearend 1976. 

The conservation storage system contains 
crude helium purchased by the Bureau of 
Mines under contracts entered into with 
four companies in 1961 and continued un- 
der court orders obtained during 1971 by 
three of the companies. 


Table 6.—Summary of Bureau of Mines helium conservation system! operations 


(Thousand cubic feet) 
1974 1975 1976 
Helium in ion storage system at beginning oí period: 
under Bureau of Mines i E ccu n E 87,110,126 — 87,288,848 — 87,469,783 
Stored under contract for private producers own account 1,091,004 995,987 1,081 
TOt n uc uiu ee NIME x C ML 88,201,130 38,279,335 38,557, 870 
Input to system: 
PNet deliveries from Bureau of Mines ll. oe EE 8,222 186,485 196,580 
Stored under contract for private ucers own account 15,078 200,131 588,133 
ο d hun . S eA . o NA 
um 
ante Tec" AA ! -110,090 -108,581 -245,789 
Net addition to a to-ůꝶrt t 78.205 218,085 588,924 
Helium in conservation storage system at end of period: | 
Stored under Bureau of Mines conservation programm 87,288,848 37,469,783 387,666,368 
VVV E ,087,587 1,424,981 
„ ß pp ̃ Ld Li en $8,279,885 38,557,870 39,091,294 
Includes ion pipe 
Includes helium accepted after Apr. 14, 1978, under court order. 
ludes return to system of helium produced from native gas withdrawal wells at Cliffside field which 
have been invaded by stored helium. 


Table 7.—Deliveries and withdrawals of crude helium stored for private companies’ own 
account in the Bureau of Mines conservation storage system, 1976 


(Thousand cubic feet) 
Owner Plant location Delivered Withdrawn Net 

Cities Service Helen, ine Ulysses, Kans _ _ _ _ - 8,870 -4,123 
Northern CO u L Du Z NF SHE empeg λος 893,010 19,211 „799 
i ipe leum oho Dumas, Ten ΚΡ 16,481 -16,481 
Jack B. Kelley Co .........------------------------------ Bushton, Kans . SN ,928 26,828 
Refined Helium C0o0o. -.-- -.-... 3 190,876 172,628 17,758 

ivision, Union Carbide Corn 5 xis 1,276 -7,276 

7õÜͤÜ˙᷑nꝛö.̃ 7̃²̃ ee Li x κ e LA ως 583,133 245,189 387,844 
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RESOURCES 


As of December 31, 1976, domestic meas- 
ured and indicated helium resources were 
estimated at 262.5 billion cubic feet. The 
resources include measured and indicated 
reserves estimated at 98.8 and 50.4 billion 
cubic feet, respectively, in natural gas with 
a minimum helium content of 0.960. The 
remaining resource base included 39.1 bil- 
lion cubic feet stored in the Bureau's conser- 
vation storage system and '/4.2 billion cubic 
feet of helium in measured natural gas 
reserves with a helium content of less than 
0.396. Approximately half of the domestic 
helium reserves are under Federal lease. 
Included are the Tip Top and Church Buttes 
fields in Wyoming, the Keyes field in Okla- 
homa, and the Cliffside field in Texas. 

The majority of domestic helium reserves 
are located in the midcontinent and Rocky 
Mountain regions of the United States. A 
total of "8 gasfields in 10 States contain 
measured and indicated helium reserves. 


About 86% of these reserves are located in 
the Hugoton field in Kansas, Oklahoma, 
and Texas; the Keyes field in Oklahoma, the 
Panhandle and Cliffside fields in Texas, and 
the Tip Top field in Wyoming. Approxi- 
mately 54% of the measured and indicated 
reserves (0.3% or greater helium content) at 
yearend 1976 were in currently producing 
gasfields. In 1976, about 18% of the helium- 
rich natural gas (0.3% or greater helium 
content) produced was processed for helium 
extraction. Helium preduced from the re- 
maining helium-rich natural gas output 
was dissipated incident to the consumption 
of the gas. 

The Bureau examined a total of 328 gas 
samples from 20 States during 1976 in 
connection with its efforts to survey and 
identify possible new sources of helium 
supply. None of the samples collected and 
analyzed indicated the presence of major 
new deposits of helium. 


FOREIGN TRADE 


Exports of high purity helium, all by 
private industry, totaled 174 million cubic 
feet in 1976, up 21% from 1975. Countries of 
Western Europe received 75% of the ex- 
ports, as follows: Belgium-Luxembourg, 
32%; the United Kingdom, 32%; and 
France, 11%. Exports to Japan and Austra- 
lia were 9% and 2%, respectively. Canada 
accounted for about 2% of the exports. The 
continued increase of helium exported to 
Western Europe during 1976 was attributed 
primarily to its use in the exploration for 
and development of oil and gas deposits, 


especially in the North Sea area. 


Table 8.—Exports of high purity helium 
from the United States 


(Million cubic feet) 


WORLD REVIEW 


World production of helium exclusive of 
the United States, totaled an estimated 150 
million cubic feet in 1976. Canada produced 
about 35 million cubic feet from a plant in 
Saskatchewan owned by Canadian Helium, 
Ltd. Production from a plant near Paris, 


France, was about 15 million cubic feet. The 
U.S.S.R. and the Central Economy Coun- 
tries of Europe preduced an estimated 100 
million cubic feet, unchanged from the 1975 
estimate. 
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It was reported that a fire in the methane 
gas drainage section of the helium ex- 
traction plant at Odolanow, Poland, in Sep- 
tember 1975 caused a 9-month delay in the 
plant construction schedule. Repair and 
construction continued during 1976, and it 
was expected that this 150-million-cubic- 
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foot-per-year plant would be operational by 
the spring of 1977. This plant is a complex 
designed to process natural gas containing 
45% nitrogen and 0.4% helium. A U.S. firm, 
Airco, Inc., has a contract to market all 
helium exported from this plant. 


TECHNOLOGY 


Measurements of dissolved helium were 
made in water samples collected from sever- 
al selected lakes and ponds in the Kaipokok 
region of Labrador, Canada. The purpose of 
research by McMaster University and pri- 
vate industry was to determine amounts of 
excess helium-4 from the decay of uranium 
and its daughter products and the relation- 
ship with surrounding uranium mineral- 
ization. The mapped quantities of helium-4 
indicated a close correlation with known 
uranium mineralization, thus  point- 
ing up a possible new method of uranium 
prospecting. 

New medical applications of helium have 
recently been developed. One new use is in 
a helium-filled, intra-aortic ballon device 
which represents promising therapy for the 
treatment of cardiogenic shock. Another 
application is a helium-breathing apparatus 
used as a diagnostic tool for pulmonary 


testing. This test most often reveals abnor- 
malities connected with lung disease which 
might otherwise go undetected by routine 
physical examination. 

Projects underway at Goodyear Tire & 
Rubber Co. in the United States and, in 
West Germany by another firm, involved 
testing models of helium cargo blimp air- 
craft capable of lifting 40- to 100-ton loads. 
The prototypes were constructed of a rub- 
berized, high-tenacity fabric to contain the 
helium gas and provide strength necessary 
for heavy lifting. Flights of this type of 
blimp were also conducted in Ghana and 
other African areas so as to test the ability 
of the craft to operate in climactic extremes 
of heat and humidity. In addition, the U.S. 
Coast Guard was investigating the use of 
helium cargo blimps for possible surveil- 
lance of U.S. territorial waters. 


Iron Ore 


By F. L. Klinger! and C. T. Collins? 


World production and trade of iron ore in 
1976 were close to the levels of 1975. Pro- 
duction was estimated at 881 million long 
tons, and trade was estimated at 365 mil- 
lion tons of which about 290 million tons 
was oceanborne. Demand for iron and steel 
increased in the United States and some 
other countries in 1976, but the additional 
ore required was largely available from 
producers' or consumers' stocks which had 
accumulated during 1975. There were note- 
worthy increases in production of ore in the 
Republic of South Africa, Canada, and Bra- 
zil, but these resulted from completion of 
new projects begun in previous years rather 
than from increased demand during the 
year. Production declined in some major 
producing countries such as Australia, 
France, and Venezuela, and the volume of 
trade appeared to be sustained mainly by 
commitments of consumers under previous- 
ly negotiated contracts. 

The leading producing countries in 1976 
were the U.S.S.R., Australia, Brazil, and the 
United States, in that order. Brazil became 
the third largest producer in 1975 and 
increased production in 1976. Australia re- 
mained the leading exporter of iron ore, 
followed by Brazil Canadian exports in- 
creased by 8 million tons in 1976 and 
probably exceeded those of the Soviet Un- 
ion. 

World output of iron ore pellets was 
estimated at 172 million long tons in 1976. 
Production capacity was increasing, as new 
plants or expansion projects were complet- 
ed or nearing completion in the United 
States, Brazil, and Canada. Direct-reduction 
plants were completed or under con- 
struction in several countries in North and 
South America, Europe, and the Middle 
East. The use of flotation and high-intensity 


magnetic separation processes for beneficia- 
ting iron ore continued to grow. In the 
United States, the substitution of coal for 
natural gas or fuel oil in iron ore pelletizing 
was being intensively studied by the Bureau 
of Mines as well as by private companies. 

In transportation, almost always a major 
element in the delivered cost of iron ore, 
efforts to reduce costs by the use of unit 
trains, larger capacity vessels, development 
of port facilities capable of handling larger 
ships, and installation of large-volume 
materials-handling systems at inland and 
coastal locations continued in 1976. A 240- 
mile slurry pipeline for iron ore concen- 
trates was completed in Brazil, and shorter 
pipelines were completed or under con- 
struction in Mexico and Argentina. 

Iron ore prices continued to rise in 1976. 
Most increases were about 10% to 15% 
above the 1975 prices. Prices for Swedish 
ores declined, particularly for high-phos- 
phorus grades; this appeared to cause some 
realignment of production plans in Sweden, 
as well as concern by French iron ore 
producers that low prices for Swedish ores 
may reduce demand for French ores in 
domestic or intra-Community markets. 

Ocean freight rates for iron ore appeared 
to remain close to the relatively low levels 
of 1975, but there were some rising trends 
evident in 1976, and published rates from 


Australia to Europe were markedly higher. 


Lake freight rates increased about 12% in 
the United States, but rail freight rates 
were essentially unchanged. 


αν ry physical scientist, Division of Ferrous 
etals. 
*Commodity specialist, Division of Ferrous Metals. 
*Unless otherwise stated, the unit of weight used in this 
chapter is the long ton of 2,240 pounds. 
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Table 1.—Salient iron ore statistics 
(Thousand long tons and thousand dollars) 


1972 1973 1974 1975 1976 
United States: 
Iron ore (usable,' less than 5% manganese): 
Production? |... „ 75,434 87,669 84,355 78,866 79,993 
Shipments _-__________--~------- 971,884 390,654 384.985 315,695 277,076 
Value pH 3$950,365 1. 163,710 $1,388,447 81,620,599 7$1,871,114 
Average value at mines per ton $12.20 $12.84 $16.34 $21.41 $24.28 
e a 2,095 2,141 2,323 2,531 2,918 
Valle ucl unu er $26,116 $31,922 $35,148 $60,071 $82,192 
Imports for consumption 35,761 43,296 48,0 46,743 44,390 
VOLO ice ĩͤ ie mmm $415,934 $533,488 $696,298 $860,496 $980,348 
Consumption (iron ore and 
Mere e ος ο τσι δις ος 126,943 146,922 138,160 114,126 125,424 
Stocks Dec. 31: 
At mines 14,679 10,876 9,405 12,299 13,993 
At consuming plante 50,061 45,990 45,247 52,231 56,246 
At U.S. docks __ _ ------------- 2,612 3,053 3,272 4,614 4,163 
Manganiferous iron ore (596 to 
35% manganese) Shipments_ - - -------- 131 181 1244 142 221 
World: Production 765, 465 832,343 "883,834 7887,389 881,028 
"Revised. 
Direct shipping ore, concentrates, agglomerates, and byproduct ore (mainly pyrite cinder and agglomerates). 
2Includes byproduct ore. 
Excludes byproduct ore. 
120 
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Figure 1.—United States iron ore production and imports for consumption. 


EMPLOYMENT 


Statistics on employment and productiv- supplied by the Mining Enforcement and 
ity in the iron ore industry in 1976 are Safety Administration (MESA). In table 2, 
shown in table 2. Employment data were statistics for all States outside the Lake 
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Superior district were aggregated to avoid 
disclosure of individual company confiden- 
tial information. 

The average number of persons employed 
in 1976 was 20,456, compared with 19,900 in 
1975. The increase of 2.8% was largely due 
to increasing employment in Minnesota and 
Michigan, where several new preduction 
facilities for taconite were completed. Com- 
pared with 1975, average productivity for 
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crude ore in 1976 rose about 4%, owing to 
the increasing share of taconite in domestic 
crude ore production. Average productivity 
for usable ore rose 190. 

As in previous years, statistics published 
in table 2 do not include office workers. The 
number of office workers at mines and 
beneficiation plants in 1976 was approxi- 
mately 2,770. 


DOMESTIC PRODUCTION 


U.S. mine production and shipments of 
usable iron ore in 1976 increased 1.4% 
compared with those of 1975. Output of 
usable ore, including byproduct ore, was 
just under 80 million tons. Shipments total- 
ed 77.1 million tons, valued (f.o.b. mine) at 
approximately $1.87 billion. 

Output of crude iron ore totaled 224 
million tons in 1976, an increase of 4.4% 
compared with that of 1975. The increase 
was due mainly to increased production of 
taconite in Minnesota and Michigan. Na- 
tionwide, the number of producing mines 
included 58 open pit and 6 underground 
mines. As in 1975, open pit mines accounted 
for 96% of the total output, and 99% of all 
ore produced was shipped to beneficiation 
plants. Average iron content of crude ore 
produced was approximately 32.7%. Benefi- 
ciating facilities, at or near mine sites, 
processing domestic crude ores in 1976, 
included 17 concentrators with associated 
pelletizing plants (7 in Minnesota, 4 in 
Michigan, 2 in Missouri, and 1 each in 
California, Pennsylvania, Wisconsin, and 
Wyoming) mostly processing ores of the 
taconite type; 1 plant screening, drying, and 
pelletizing natural ore; 1 plant pelletizing 
byproduct ore; 1 sintering plant; and an 
estimated 24 plants producing concentrates 
primarily by gravity methods, of which 14 
were located on the Mesabi range. Na- 
tionwide, the number of tons of crude ore 
mined for each ton of usable ore produced in 
1976 was 2.82, compared with 2.72 in 1915 
and 2.57 in 1974. 

Production of usable ore in 1976 consisted 
81% of pellets, 17% of natural ore concen- 
trates, and 2% of direct-shipping ore. The 
average natural iron content of all usable 
ore produced (including byproduct ore) was 


61.7%. The Lake Superior district account- 
ed for 84% of the national output. Minneso- 
ta produced 62%, Michigan 21%, and the 
remainder was produced in 15 other States. 

In Minnesota, Hibbing Taconite Co. be- 
gan production of pellets in late 1976. The 
plant has a production capacity of 5.4 mil- 
lion tons of pellets per year and was the 
seventh major taconite facility to be com- 
pleted in Minnesota since 1965. Major ex- 
pansions of taconite-processing plants at 
Eveleth and Keewatin were also completed 
by yearend; annual preduction capacity for 
pellets at Eveleth was raised by 3.6 million 
tons, and that at Keewatin was raised by 3.0 
million tons. Additional ore requirements 
at Eveleth were supplied by a new mine 
developed for Eveleth Expansion Co., while 
those at Keewatin were supplied by expan- 
sion of the existing mine operated for the 
National Steel Pellet Project. At Mountain 
Iron, work was continued by United States 
Steel Corp. to raise production capacity of 
its Minntac facility by 6 million tons of 
pellets per year; this project was expected to 
be completed in 1978. At Virginia, con- 
struction of the Minorca taconite project by 
Inland Steel Co. was scheduled for comple- 
tion in the spring of 1977; this facility will 
have a production capacity of 2.6 million 
tons annually and will raise the number of 
operating taconite plants in Minnesota to 
eight. All of the projects are based on 
magnetite ore. 

The proposal by Reserve Mining Co. to 
provide for on-land disposal of taconite tail- 
ings at “Milepost 7," near the company's 
existing plant at Silver Bay, Minn., had not 
been approved by Minnesota State authori- 
ties by yearend. State agencies continued to 
advocate disposal sites farther north, the 
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cost of which the company considered pro- 
hibitive. If the dispute could not be resolved 
by July 19777, the company would be forced 
by court order to cease production. 

In Michigan, the Cleveland-Cliffs Iron Co. 
confirmed plans to expand annual pro- 
duction capacity for pellets by 4 million tons 
at the Tilden mine and by 2.8 million tons 
at the Empire mine by 1981. Cost of the 
expansion projects was estimated at $750 
million, including $300 million at Tilden, 
$250 million at Empire, and $200 million for 
installation of an additional 250 megawatts 
of electricity-generating capacity at the 
company's Marquette powerplant. 

Unusually cold weather in the midwest- 
ern United States caused drastic curtail- 
ments of natural gas supplies to pelletizing 
plants in the Lake Superior district. Cur- 
tailments began on October 18, 1976, and 
continued through December. Most plants 
were equipped to switch over to fuel oil, so 
that overall production in the district was 
not seriously affected, but higher prices of 
alternate fuels (including “intrastate” natu- 
ral gas, as well as fuel oil) drove up costs of 
production and increased upward pressures 
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on prices. These developments also focused 
attention on the need for some producers to 
use alternate sources of energy, such as 
coal. 

In Missouri, more than 2 million tons of 
magnetite ore were blasted in the Pea Ridge 
underground mine on two occasions in 19776. 
On December 11, the second blasting oper- 
ation, which included 3,140 drill holes and 
portions of four mine levels, used 1.066 
million pounds of water-gel explosives to 
break 2.98 million tons of pillar ore, be- 
lieved to be the largest quantity ever blast- 
ed in a U.S. underground iron mine. 

In New Jersey, plans to reopen the Mt. 
Hope underground mine near Dover were 
announced by Mt. Hope Mining Co., Inc. 
Production of magnetite concentrates was 
expected to begin in 1977, eventually reach- 
ing an annual rate of about 400,000 tons, 
the concentrates to be purchased by Beth- 
lehem Steel Corp. The venture was being 
financed mainly by loans totaling about 
$7.5 million. The Mt. Hope mine was last 
operated by Shamoon Industries, Inc., in 
1959. 


CONSUMPTION 


Consumption of iron ore and agglom- 
erates in 1976 increased about 9.996, com- 
pared with that in 1975. Consumption in 
blast furnaces increased 10%, while that in 
steelmaking furnaces increased 6.6%. Of 
total consumption, blast furnaces accounted 
for 98.3%; steelmaking furnaces, 1%; and 
the remaining 0.7% was used in the manu- 
facture of cement, heavy-media, and other 
miscellaneous products. In blast furnaces, 
the weight ratio of iron ore and agglom- 
erates consumed to pig iron produced was 
approximately 1.57:1 compared with 1.56:1 
in 1975. 

The quantity and proportion of iron ore 
pellets consumed continued to increase. 
Pellets made up 60% of all iron ore and 
agglomerates consumed in 1976 and 70% of 
all agglomerates consumed. Sinter made up 
27% of all iron ore and agglomerates con- 


sumed, and natural ores accounted for the 
remaining 13%. 

Consumption data are shown in tables 11 
and 12. In these tables, iron ore concentrate 
used to produce agglomerates such as pel- 
lets or sinter at mine sites is not reported as 
iron ore consumed; its consumption was 
reported only when such agglomerate was 
used at the furnace site (table 11). Iron ore 
concentrate and fines used to produce sinter 
at iron and steelmaking plants are reported 
in table 12 as iron ore consumed, while 
consumption of agglomerates from this 
source is included in table 11. In table 12, 
the difference in weight between iron ore 
consumed and agglomerate produced re- 
sults from the elimination of moisture as 
well as the addition of materials such as 
flue dust, mill scale, lime, and coke. 


STOCKS 


Stocks of iron ore and agglomerates at 
U.S. mines, docks, and consuming plants 
totaled 75 million tons on December 31, 
1976. This was 8.5% more than a year 
earlier and was the highest yearend total 


since 1971. Monthend stocks of ore at con- 
suming plants during 1976 ranged from a 
low of 35 million tons in April to a high of 
55 million tons in November, while those at 
the mines ranged from a high of 22.7 
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million tons in April to a low of 13.5 million 
tons in November. Of the 56.8 million tons 
on hand at U.S. docks and furnace yards at 
yearend, 5896 consisted of domestic ores, 
19% of Canadian ores, and 23% of other 
foreign ores. 

A gain of 4.2 million tons of ore in stocks 
at U.S. docks and furnace yards was ap- 
parent by the end of 1976. This occurred 
despite an increase in domestic consump- 
tion, a decrease in ore imports, and only a 
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slight increase in domestic mine and lake 
shipments compared with 1975. While the 
apparent statistical anomaly was not resolv- 
ed by yearend, it was possibly due to stock- 
piling of unsold foreign ore at some loca- 
tions in the United States. According to a 
report published in 1976 by the Venezuelan 
Ministry of Mines and Hydrocarbons, 1.1 
million metric tons of unsold Venezuelan 
ore was stockpiled in the United States 
during 1975. 


PRICES 


Published prices for Lake Superior iron 
ores (delivered rail-of-vessel at lower lake 
ports) increased twice during 1976. In Jan- 
uary, prices increased about 490 for natural 
ores and 6.9% for pellets, compared with 
prices in effect at yearend 1975. Another 
increase, amounting to about 5.2% for all 
grades, was instituted in August, after 
which prices were unchanged during the 
remainder of the year. Prices in effect from 
the latter half of August through December 
31, 1976, were, for natural ores (basis 51.5% 
Fe, natural, per gross ton: Mesabi non- 
Bessemer, $20.26; Mesabi Bessemer, $20.41; 
Old Range non-Bessemer, $20.51; and man- 
ganiferous, $20.51. A premium of 80 cents 
per ton continued to be paid for coarse ore, 
and a penalty of 45 cents per ton was 
charged for fines. The price of iron ore 
pellets in late August was 53.1 cents per 
long ton unit of contained iron, natural. 
Any increases in the cost of transportation 
and handling subsequent to the effective 
dates of these prices (August 6 to August 16, 
1976, depending on the producer) were to be 
borne by the buyer. 

The average value (f.o.b. mine or concen- 
trating plant) of usable iron ore shipped 
from domestic mines in 1976 was $24.28 per 
long ton, compared with $21.41 in 1975 and 
$16.34 in 1974. These values were calculated 
from producers' statements and approxi- 
mated the commercial selling price less 
costs of mine-to-market transportation. 

Prices for many foreign iron ores also 
increased in 1976. In Canada, the price of 


Wabush iron ore pellets, f.o.b. Pointe Noire, 
Quebec, in August 1976 was 47.2 cents per 
long ton unit of contained iron and man- 
ganese, an increase of about 12.5% com- 
pared with the price at yearend 1975. In 
Australia, prices paid by Japanese steel- 
makers under several contracts for iron ore 
pellets were increased 1396 to 26% as of 
April 1, 1976; under these agreements the 
f.o.b. price (per dry long ton unit of contain- 
ed iron) of Hamersley pellets rose to 34 
cents; of Savage River pellets, to 35.1 cents; 
and of Robe River pellets, to 38 cents. 
Similarly, under a natural-ore contract 
with Mt. Newman Mining Co. Pty. Ltd., the 
Japanese agreed to pay f.o.b. prices of $15.19 
per dry long ton for lump ore (6490 Fe) and 
$11.87 for fines (62% Fe), beginning October 
1, 1976; these prices were 15% higher than 
those paid in 1975. Price increases were also 
negotiated by Indian and Brazilian pro- 
ducers with Japanese buyers in 1976. 

In contrast, contract prices for Swedish 
phosphoric ores declined in 1976. Prices 
under contracts negotiated by Belgian con- 
sumers in early 1976 were reported to be 
4% to 9% below 1975 levels. The price of 
Kiruna D iron ore (60% Fe, 1.8% P), c. i. f. 
Rotterdam, was approximately $16.10 per 
metric ton on June 30, 1976, compared with 
$19.30 per ton a year earlier. 

The f.o.b. value of Venezuelan iron ore 
exported to the United States, as indicated 
by U.S. Bureau of the Census data, aver- 
aged $16.85 per long ton in 1976, compared 
with $15.63 in 1975. 


TRANSPORTATION 


Iron ore shipments from U.S. ports on the 
Great Lakes to lower lake destinations in 
1976 totaled 63.1 million tons, 0.8% more 
than in 1975. Shipments of ore from Cana- 
dian ports to Great Lakes destinations total- 


ed 23.6 million tons, an increase of 34% 
compared with that of 1975. Nearly 90% of 
the increase in shipments from Canada 
came from the ports of Pointe Noire, Sept- 
Iles, and Port Cartier, each of which ship- 
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ped nearly 2 million tons more than in 1975. 
Total shipments from U.S. and Canadian 
ports to lake destinations (86.7 million tons) 
in 1976 were 8% more than in 1975. 

With the help of icebreaking and other 
navigational aids, the second consecutive 
12-month ore-shipping season was complet- 
ed between Two Harbors, Minn., and lower 
lake ports in March 1976. Shipments from 
Two Harbors totaled 568,000 tons in Feb- 
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ruary and 294,000 tons in March. Shipping 
from other ports on Lake Superior had 
Stopped by January 10. Efforts to extend the 
1976 shipping season were hampered by 
unusually cold weather, and the final ore 
shipment was made on January 21, 1977. 

Statistics on shipments of iron ore from 
U.S. ports on the Great Lakes during the 
1976 season are shown in the accompanying 
tabulation: 


oe Average Largest 
Lake shipping port assoli ris d yis d pii 
loaded! long tons) tons tons) 
Duluth, Minn 784 14,050 17,921 80,709 
Taconite Harbor, Minn 858 0,254 843 558 
Silver Bay, Minn ___ cc - ---- 565 9,694 17,158 81,042 
Two dí S 2 REPOS οσα 262 7,506 ,650 ,920 
Superior, Wiss 282 6,145 21,792 359 
Marquette, Mich hk 280 5,437 19,416 30,830 
EEEE ³ðͤA 8 514 10,061 19,574 40,475 
Total or average ............-.-. -- -.-.-- -..-. -. 8,045 63,147 20,198 XX 
XX Not applicable. 
Not including shipments in Jan 1977, as follows: Two Harbors, 17 vessels (471,094 tons); Escanaba, 8 vessels 


(167,266 tons); and Marquette, 7 vessels (107,651 tons). 


Sources: Skillings' Mining Review, various issues (1977); and Annual Report of Lake Carriers Association for 1976. 


Lake freight rates for iron ore were in- 
creased in February 1976 to the following 
values (per gross ton): From the head of the 
lakes to lower lake ports, $4.05; from Mar- 
quette, Mich., to lower lake ports, $3.34; 
from Escanaba, Mich., to Lake Erie ports, 
$3.05; and from Escanaba to lower Lake 
Michigan ports, $2.48. These rates remained 
in effect through December 1976 and were 
8.6% to 9.7% higher than rates prevail- 
ing in 1975. Most storage, handling, and 
dock charges were unchanged from 1975, 
although unloading charges (rail of vessel to 
car) at lower lake ports were increased 
2% to 7%, and dockage charges for self- 
unloading vessels at Conneaut and Lorain, 
Ohio, increased about 1096 during the year. 
The vessel freight rate from the Gulf of St. 
Lawrence to Lake Erie ports (excluding St. 
Lawrence Seaway and Welland Canal tolls) 
remained unchanged at $1.70 per gross ton. 

Most domestic rail freight rates for iron 
ore were unchanged from 1975 levels. Rates 
for some routes from lower lake ports to 
inland destinations were increased less 
than 396; the rate from Baltimore to Fair- 
less, Pa., was increased about 9%; and there 
were slight reductions in some rates from 
Lake Erie ports to the Mahoning and She- 
nango valleys, and from Philadelphia to 
Detroit. 


The 1,000-foot, self-unloading iron ore 
carrier James R. Barker began service on 
the Great Lakes in August 1976 and by late 
December had transported 1.2 million tons 
of iron ore pellets from Lake Superior to 
lower lake ports, including a record ship- 
ment of 58,558 tons from Taconite Harbor, 
Minn. The vessel was operated by Interlake 
Steamship division of Pickands Mather & 
Co. and was the third carrier of its size to 
enter lake service. Six more vessels of this 
type were under construction for various 
companies in 1976. In July, the new self- 
unloading ore carrier Joseph L. Block began 
service for Inland Steel Co.; the vessel was 
stated to have a cargo capacity of 31,000 
tons but was reportedly carrying up to 
85,000 tons of pellets from Escanaba. 

Ocean freight rates from Canadian ports 
on the Gulf of St. Lawrence to U.S. east 
coast and gulf coast ports in 1976 appeared 
to be unchanged from the low levels of 1975, 
while rates to Europe and Japan appeared 
to vary slightly from those of 1975. Spot 
fixtures reported by Metal Bulletin indi- 
cated rates from Sept-Iles as follows: Το 
Japan, $4.10 to $4.25 per ton for cargoes of 
140,000 to 150,000 tons during the last 4 
months of 1976 (compared with $4.60 in 
October 1975); to the Netherlands, $2.30 per 
ton for 80,000 tons in July and $1.97 to $2.20 
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per ton for cargoes of 125,000 tons in Octo- 
ber (compared with $2.05 to $2.45 for car- 
goes of 79,000 to 90,000 tons in early 1975); 
and to West Germany, $3.00 to $3.30 per ton 
for cargoes of 70,000 to 75,000 tons in 
November and December (compared with 
$2.80 for 60,000 tons in October 1975). Rates 
from Brazil and Liberia to Western Europe 
appeared to increase slightly in 1976, but no 
strong trend was evident; rates from Tu- 
baráo to Dunkirk ranged from $3.65 to $3.95 
per ton for cargoes of 68,000 to 90,000 tons, 
and rates from Monrovia (Liberia) to the 
Netherlands were $2.75 to $2.90 per ton for 
cargoes of 80,000 to 95,000 tons. Two ship- 
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to 140,000 tons. Rates from Australia to 
Western Europe appeared to increase 
sharply; rates of $5.00 to $6.15 per ton were 
reported for shipments of 100,000 to 145,000 
tons from Cape Lambert to the Nether- 
lands, compared with $3.50 per ton for 
125,000 to 130,000-ton cargoes in 1975. Rates 
quoted for two shipments of 50,000 tons 
from Brazil and Liberia to the U.S. east 
coast were $3.00 and $4.20 per ton, re- 
spectively. 

In the Republic of South Africa, exports 
of iron ore began from Saldanha Bay in 
1976. The initial shipment, 119,000 tons of 
hematite ore destined for Rotterdam, was 


ments from Tubaráo to Japan ranged from made on September 27. 
$3.80 to $4.25 per ton for cargoes of 110,000 
FOREIGN TRADE 


U.S. exports of iron ore in 1976 totaled 2.9 
million tons valued at approximately $82 
million. These quantities represented a 15% 
increase in tonnage and a 37% increase in 
value compared with 1975 figures. Virtually 
all exports were destined for Canada. As 
several Canadian steel companies held sig- 
nificant ownership shares in U.S. taconite 
projects completed or under construction in 
1976, exports to Canada were expected to 
increase during the next several years. 
Average value of exported ore in 1976 (prin- 
cipally pellets) was $28.22 per long ton, 
compared with $23.68 in 1975 and $15.18 in 
1974. 

U.S. imports of iron ore for consumption 
in 1976 totaled 44.4 million tons, valued 
(f. o. b. country of origin) at $980 million. The 
tonnage imported was about 5% less than 
in 1975, but the total value was 14% greater 
and reflected rising prices of foreign iron 
ores. Average value of ore imported in 1976 
was $22.08 per long ton, compared with 
$18.41 in 1975 and $14.50 in 1974. Principal 


countries of origin were Canada, accounting 
for 56% of the total tonnage; Venezuela, 
20%; Brazil, 12%; and Liberia, 5%. Com- 
pared with 1975, imports from Canada in- 
creased by 5.85 million tons, while those 
from Venezuela and Brazil declined by 4.1 
and 2.2 million tons, respectively. 

Imports frem Peru in 1976 were less than 
half of the quantity imported in 1975. Im- 
ports from that country were halted in 
August 1975 following nationalization of 
Peruvian properties of Marcona Mining Co. 
and did not resume until a compensation 
agreement acceptable to Marcona had been 
reached. Imports were resumed in April 
1976. 

The Philadelphia customs district receiv- 
ed about 22% of U.S. izon ore imports in 
1976, followed by Baltimore (21%), Cleve- 
land (17%), Chicago (14%), Mobile (1042), 
Buffalo (8%), Detroit (4%), and eight other 
districts (4%). 

World trade in iron ore in 1975 is shown 
in table 21. 


WORLD REVIEW 


Australia.—Production of iron ore declin- 
ed about 4% in 1976, but exports (79.7 
million tons) were slightly greater than in 
1975. Shipments of iron ore products to 
domestic and foreign markets in 1976 total- 
ed about 94 million tons, including 9 million 
tons of pellets. Consumption of iron ore in 
Australia was estimated at about 10.5 mil- 
lion tons. 

Approximate shares of individual Austra- 
lian producers in total shipments of ore 


products in 1976 were as follows: Hamer- 
sley Iron Pty. Ltd., 38%; Mt. Newman Joint 
Venture, 29%; Cliffs Robe River Iron Asso- 
ciates, 13%; Broken Hill Pty. Co. Ltd. 
(BHP), 9.5%; Goldsworthy Mining Ltd., 8%; 
and Savage River Mines, 2.5%. 

Annual production capacity for ore pro- 
ducts in 1976 totaled about 122 million 
metric tons, distributed as follows: Hamer- 
sley, 40; Mt. Newman, 40; Robe River, 16; 
BHP, 15.5; Goldsworthy, 8; and Savage Riv- 
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er, 2.5. Production capacity of Hamersley 
will increase by about 6 million tons by 1979 
when the concentrator for low-grade ore is 
completed at Mount Tom Price. The plant 
will include heavy-media and wet high- 
intensity magnetic separation sections and 
was designed to process about 11 million 
tons of crude ore per year. The decision to 
build the plant followed negotiation of sup- 
ply contracts with Japanese consumers 
for an additional 185 million tons of ore 
between 1978 and 1990, as well as other 
supply contracts with European and Asian 
consumers. 

Five 226-ton-capacity trucks began ser- 
vice at Mount Tom Price during 1976, and 
15 150-ton trucks were ordered for the 
Paraburdoo mine. 

Cyprus Mines Corp. reportedly sold a 10% 
interest in Mt. Goldsworthy Mining Asso- 
ciates to Mount Isa Mines Holdings, Ltd., in 
1976 and agreed in principle to sell the 
remainder of its one-third interest in Mt. 
Goldsworthy to Consolidated Gold Fields 
Ltd. of London. 

Brazil.—Statistics published by the Bra- 
zilian Ministry of Mines indicated that Bra- 
zilian output of beneficiated iron ore totaled 
about 88 million tons in 1975. Preliminary 
data indicated that production increased in 
1976 although exports declined to about 66 
million tons. Brazil thus appeared to have 
displaced the United States as the world's 
third largest iron ore producer in 1975 and 
was rivaling Australia in both production 
and exports. 

Total shipments of iron ore products in 
1976 were estimated at about 81 million 
tons, including 69 million tons destined for 
export and 12 million tons for domestic 
consumption. The principal shippers were 
Companhia Vale do Rio Doce (CVRD), 49.8 
million tons; Mineracoes Brasileiras Reuni- 
das (MBR), 19.4 million tons; S.A. Minera- 
cáo da Trindade (SAMITRD, 7.8 million 
tons; and Ferteco Mineracáo S. A., 4.3 mil- 
lion tons. Brazilian stocks of ore products 
exceeded 12 million tons at yearend. 

Pellet production in 1976 may have ex- 
ceeded 5 million tons. CVRD produced 4.6 
million tons in two plants operated at Tu- 
Ὀατᾶο. Ferteco Mineracáo S.A. completed 
construction of a pelletizing plant at the 
Fabrica mine in 1976. Output capacity of 
the plant was 2.5 million tons of pellets per 
year. Pellet production was expected to 
increase in 1977, as two plants with a total 
annual production capacity of 8 million tons 
were scheduled for completion. One of the 
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latter was a joint venture by CVRD with 
Italian companies; the other was a 5-mil- 
lion-ton facility being built for Samarco 
Mineracao S.A. The Samarco project, sched- 
uled for completion in mid-1977, was to 
have an initial production capacity of 7 
million tons annually, including 5 million 
tons of pellets and 2 million tons of pellet 
feed. Concentrate produced by flotation at 
the Germano mine was to be pumped 
through a 20-inch, 240-mile pipeline to pel- 
letizing and shipping facilities at Ponta 
u. 

A direct-reduction plant with production 
capacity of 360,000 metric tons of sponge 
iron per year was being built 50 miles west 
of Rio de Janeiro by Companhia Siderurgica 
da Guanabara (COSIGUA) in 1976. Pro- 
duction was expected to begin in 19777. The 
plant will use the Purofer reduction process 
and reportedly will be the first commercial 
direct-reduction plant fueled by gas pro- 
duced from heavy fuel oil. Ore feed to the 
plant was to be supplied from the Feijao 
mine of Ferteco and the Mutuca mine of 
MBR. Two direct-reduction plants were al- 
ready operating in Brazil in 1976, in Bahia 
and Rio Grande do Sul. 

CVRD reported negotiation of new long- 
term iron ore supply contracts totaling 
more than 300 million tons in 1976. 

Canada.—Production and exports of iron 
ore in 1976 increased about 20% and 26%, 
respectively, compared with those of 1975. 
The increase in output amounted to 9.9 
million tons and was due mainly to the first 
year of production at Mt. Wright, where 6 
million tons of concentrates was produced 
by Quebec Cartier Mining Co. Production of 
concentrates and pellets at Carol Lake by 
the Iron Ore Co. of Canada and of pellets at 
Pointe Noire by Wabush Mines was sub- 
stantially greater than in 1975, and increas- 
ed output was reported from most other 
Canadian mines and plants. Exports of iron 
ore to the United States increased nearly 5 
million tons in 1976, while exports to Japan 
and Western Europe rose about 4 million 
tons. Consumption of iron ore in Canada in 
1976 totaled 13.5 million tons, of which 8196 
was pellets. 

Production of concentrates was expected 
to increase in 1977 as output from Mt. 
Wright approached design capacity. Pro- 
duction from the Mt. Wright deposits was 
scheduled to replace that from Lac Jean- 
nine, where reserves were expected to be 
exhausted by mid-1977. Production capacity 
for pellets was scheduled to increase 
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by 6 million tons in late 1977, upon comple- 
tion of two pelletizing plants at Port Car- 
tier. Iron Ore Co. of Canada will probably 
increase output of pelletized concentrate 
from Schefferville ores at Sept-Iles; output 
increased 1596 in 1976, but the plant was 
still producing well below its designed ca- 
pacity. Hilton Mines Ltd. was expected to 
cease operations in mid-1977 owing to ex- 
haustion of ore reserves. 

In other developments, Texada Mines 
Ltd. ceased operations in British Columbia 
in December 1976 owing to exhaustion of 
ore reserves. At Tasu, British Columbia, 
Wesfrob Mines decided to develop under- 
ground ore reserves in order to continue 
production for another few years. In Ontar- 
io, the direct-reduction plant at the Griffith 
mine was operated from January through 
March and intermittently thereafter until 
August, when it was closed owing to opera- 
ting problems and market conditions. The 
plant produced about 76,000 tons of prere- 
duced ore during 1976. The direct-reduction 
plant of Sudbury Metals at Falconbridge, 
Ontario, was officially opened on May 12, 
1976, but was shut down in October follow- 
ing an explosion. À 67% interest in Steep 
Rock Iron Mines, Ltd. was reportedly ac- 
quired by Canadian Pacific Investments, 
Ltd., in 1976 for $16.2 million. 

European Community (EC).—The princi- 
pal steelmaking countries of the EC import- 
ed 127.9 million tons of iron ore in 1976. 
West Germany imported 36% of the total, 
followed by Belgium-Luxembourg (20.892), 
the United Kingdom (14.5%), Italy (1390), 
France (10.7%), and the Netherlands (5%). 
Imports by Belgium-Luxembourg and West 
Germany included about 12.5 million tons 
of ore containing less than 42% iron, mostly 
from France. Imports of iron ore by Den- 
mark and Ireland were negligible. _ 

Production of iron ore in the EC in 1976 
totaled about 54 million tons, of which 
France produced about 82%. Almost all of 
this ore was low grade, containing 2596 to 
9290 Fe, and was used for consumption 
within the EC, in France, Belgium, Lux- 
embourg, and West Germany. 

Consumption of iron ore in the EC during 
the first 9 months of 1976 totaled 107.9 
million tons, about 4% more than in the 
comparable period of 1975. Total consump- 
tion of iron ore in 1975 was 154.7 million 
tons, of which about 77% was consumed in 
agglomerating plants at iron and steel- 
works, 2290 was charged directly into blast 
furnaces, and 1% was charged directly into 
steelmaking furnaces. 
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Korf Stahl AG of West Germany and A/S 
Sydvaranger of Norway signed a contract in 
1976 for construction of a direct-reduction 
plant at Emden, West Germany. The plant 
is to have a production capacity of 1.2 
million tons of direct-reduced iron per year 


and was scheduled for completion in 1980. 


Iron ore will be supplied by A/S Sydvaran- 
ger, and the plant will be fueled by natural 
gas piped from the Norwegian sector of the 
North Sea. The operating company will be 
Norddeutsche Ferro Werke G.m.b.H., own- 
ed 75% by A/S Sydvaranger and 25% by 
Korf Stahl. 

Construction of a direct-reduction plant 
at Hunterston, Scotland, was continued by 
the British Steel Corp. in 1976. The plant 
will use the Midrex process and will consist 
of two modules, each having a production 
capacity of 400,000 tons of direct-reduced 
iron per year. The first module was schedul- 
ed for completion in 1977. 

Finland.—The newly opened Rautavaara 
mine had its first full year of production in 
1976. After a period of open pit mining, 
underground production began when the 
mine shaft and hoist were completed in the 
summer. Production totaled 779,000 tons of 
crude ore and 354,000 tons of concentrates. 
The concentrates were shipped to the blast 
furnaces of Rautaruukki Oy. at Raahe. The 
latter plant also received 243,000 tons of 
iron concentrates from the Otanmäki mine, 
as well as pelletized iron oxide and "purple 
ore" recovered from sulfide-processing at 
Kokkola. 

India.—Production and exports of iron 
ore in 1976 were little changed from 1975 
levels. Exports were estimated at 22.8 mil- 
lion tons, with about 74% destined for 
Japan and 1096 destined for Romania. Do- 
mestic consumption was approximately 16.4 
million tons. 

Development of the Kudremukh iron ore 
deposits near Mangalore began in 1976. 
Canadian Met-Chem Consultants, Ltd., will 
develop the deposits for Kudremukh Iron 
Ore Co. Ltd., a public sector company organ- 
ized under the Indian Ministry of Steel and 
Mines. Met-Chem will design and supervise 
construction of a mine, concentrator, 35- 
mile slurry pipeline, and port facilities at 
Mangalore capable of producing and load- 
ing into vessels 7.5 million tons of concen- 
trate per year for shipment to Iran. Con- 
struction was expected to be completed by 
early 1980. Met-Chem will supervise all 
operations for the first ὃ years of commer- 
cial production. | 

In other developments, port facilities cap- 
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able of berthing and loading ore carriers of 
100,000 deadweight tons were completed at 
Visakhapatnam outer harbor in late 1976. 
The National Minerals Development Corp. 
Ltd. announced that construction of the 
Bailadila No. 5 mine and plant, with pro- 
duction capacity of 4 million tons per year, 
was completed in 1976. In Goa, the pelletiz- 
ing plant being built near Mormugao port 
by a subsidiary of Chowgule & Co. Ltd. was 
scheduled for completion in 1977. The plant 
is to have a production capacity of 1.8 
million tons of pellets per year. 

Japan.—Imports of iron ore by Japan in 
1976 totaled 131.6 million tons. The princi- 
pal source countries were Australia, which 
supplied 48% of the total, followed by Brazil 
(19%), India (1960), Chile (5.7%), and Cana- 
da (4%). Pellets made up about 8% of total 
imports. An additional 6.5 million tons of 
pellets were produced in Japan, principally 
from imported ores. 

Consumption of iron ore in 1976 totaled 
122.8 million tons, including 8.6 million tons 
of imported pellets. Most of this ore was 
apparently used in the manufacture of sin- 
ter and other agglomerates. Consumption of 
agglomerates in blast furnaces totaled 115 
million tons. 

Liberia.—Production of iron ore declined 
more than 20% in 1976, but exports increas- 
ed about 6% compared with those of 1975. 
Exports totaled about 19.2 million tons, of 
which 48% was shipped by the LAMCO 
Joint Venture, 32.5% by Bong Mining Co., 
10.5% by National Iron Ore Co., and 9% by 
Liberia Mining Co. (LMC). Production by 
LMC declined sharply in 1976, and oper- 
ations were scheduled to cease in early 1977 
owing to exhaustion of ore reserves. Bong 
Mining Co. expected to complete expansion 
of its pelletizing facilities in 1977, to a total 
production capacity of more than 4 million 
tons annually. Stocks of ore held by Liber- 
ian producers declined during 1976 but 
totaled at least 5 million tons at yearend. 

Mexico.—Production of iron ore increas- 
ed sharply in 1976 as two concentrating 
plants began operating in the early part of 
the year. Near Durango, a new concentrator 
was brought onstream at the Cerro de 
Mercado mine by Fundidora de Monterrey 
S.A. The plant was equipped with a flota- 
tion section and magnetic separators, and 
had a production capacity of about 1.7 
million tons of concentrate per year. Con- 
centrate was shipped by rail to Monterrey, 
where a pelletizing plant was also complet- 
ed by the company in 1976. Production 
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capacity of the latter plant, which employs 
the grate-kiln system designed by Allis- 
Chalmers, was 1.5 million tons per year of 
self-fluxing pellets. 

In Michoacan, concentration of magnetite 
ore was begun at the Ferrotepec mine by 
Siderurgica Lazaro Cardenas-Las Truchas 
S.A. (SICARTSA). Production capacity of 
the plant was 1.5 million tons of concen- 
trate per year. Concentrate was transported 
by a 10-inch pipeline 16 miles to a pelletiz- 
ing plant at the steelworks in Lazaro Carde- 
nas. 

Production capacity of the pelletizing 
plant completed in 1975 by Consorcio Mine- 
ro Peña Colorada S.A. will be increased to 3 
million tons annually in 1978. Shipments of 
pellets from this plant totaled 1.4 million 
tons in 1976. 

Altos Hornos de Mexico S.A. was reported 
to be investing about $11 million to expand 
production facilities for iron ore at the La 
Perla deposits in Chihuahua. 

Philippines.—Mining of  iron-bearing 
beach sands was suspended by the Govern- 
ment in mid-1976, pending submission of 
plans by the mining companies for restor- 
ation of mined areas. Production and ex- 
ports of iron concentrates in 1976 conse- 
quently declined by more than 50% from 
1975 levels. Only two companies — Inco 
Mining Co. and Filmag (Philippines) Inc. — 
were producing iron concentrates in 1976. 

South Africa, Republic of.—Production 
and exports of iron ore in 1976 increased 
sharply, compared with those of 1975. The 
gains were mainly generated by increased 
production of hematite ore at the Sishen 
mine and the beginning of exports from 
Saldanha Bay. The 530-mile Sishen-Sal- 
danha railroad was completed in May, and 
export shipments began in late September. 
Fourteen shiploads were dispatched by 
yearend. The shipping port is about 71 miles 
north of Capetown. 

The initial contract between South Afri- 
can Iron & Steel Industrial Corp. Ltd. 
(ISCOR) and Japanese buyers for ore ship- 
ments from Saldanha Bay called for 2 
million tons during fiscal year 1976 (year 
ending March 31, 1977). Contract prices 
(f.0.b., per dry metric ton) were $14.77 for 
lump ore (64% to 66% Fe) and $11.61 for 
fines (6862 to 65% Fe) Expected ratio of 
lump to fines was about 2:1. 

Swaziland.—Shipments of iron ore from 
Ngwenya by the Swaziland Iron Ore Devel- 
opment Corp. totaled 1.7 million tons in 
1976. Production was expected to cease by 


IRON ORE 


the end of 1977 owing to exhaustion of ore 
reserves, although shipping of fines from 
stockpiles may continue for another 2 years. 

Sweden.—Swedish production and ex- 
ports declined slightly in 1976. Production 
by Luossavaara-Kiirunavaara AB (LKAB) 
totaled 24.2 million tons, about 3.5% less 
than in 1975, while output by Gränges AB 
declined about 13% to 2.4 million tons. 
Shipments of ore by Stora Kopparbergs 
Bergslags AB, destined for the domestic 
market, declined by 10% to 1.2 million tons. 

Weak demand for Swedish ore in the 
European market led to lower prices in 
1976, particularly for high-phosphorus ore. 
LKAB reported a 596 reduction in price of 
low-phosphorus ore for 1977, and further 
reductions for high-phosphorus grades. 
Both LKAB and Gränges reported heavy 
increases in ore stocks in 1976. Ore stockpil- 
ed by LKAB increased 3296 during the year, 
to 12.4 million tons including 2.2 mil- 
lion tons stockpiled at continental ports. 
Gränges AB, faced with increasing competi- 
tion from foreign ores, decided there was 
little likelihood of maintaining profitable 
exports from underground mines in central 
Sweden and planned a permanent re- 
duction in output at Grüngesberg. About 
300 employees will be affected. 

A $1" million flotation plant began pro- 
duction of low-phosphorus concentrate at 
Grüngesberg in 1976. At Narvik, Norway, 
LKAB continued to expand its shipping 
facilities. Installation of a new quay and 
shiploader capable of accommodating ves- 
sels of up to 350,000 deadweight tons was 
scheduled for completion in mid-1977. 

Turkey.—A pellet plant with production 
capacity of about 4.3 million tons per year is 
to be built at Divrigi in central Turkey. The 
Turkish Iron & Steel Works Co. contracted 
with the West German firm of Thyssen- 
Rheinstal Technik G.m.b.H. to supply the 
plant, which will use the Allis-Chalmers 
grate kiln and heat-recuperation systems. 

U.S.S.R.—Production of crude iron ore in 
1976 was estimated at about 490 million 
tons, from which 235 million tons of usable 
ore was obtained. Output of usable ore 
consisted 82% of concentrates and 18% of 
direct-shipping ore. Average iron content of 
usable ore produced was 59.3%. Production 
of pellets was estimated at 30 million tons, 
compared with 27 million tons in 1975. 
Production plans called for output of 60 
million tons of pellets in 1980. 

The Lebedinskiy iron ore mining and 
concentrating complex in the Belgorod re- 
gion of the Kursk Magnetic Anomaly was 
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reportedly completed in 1976. Annual pro- 
duction capacity was 30 million tons of 
crude ore and an estimated 12 million tons 
of ore products including 4 million tons of 
pellets. In the same area, a pelletizing plant 
with a production capacity of 3 million tons 
per year was reportedly completed at the 
Mikhaylovskiy complex. At Kremenchug in 
the Ukraine, construction of a 6-million-ton- 
per-year pelletizing plant was nearly com- 
pleted, and another plant of the same ca- 
pacity was reportedly under construction. 

Venezuela.—Production and exports of 
iron ore declined by more than 20% in 1976, 
largely because of reduced demand for Ven- 
ezuelan ore in the United States. Exports to 
the United States in 1976 were 4 million 
tons less than in 1975. Of the 15.9 million 
tons exported in 1976, 57% was destined for 
the United States, 37% was destined for 
Common Market countries, and most of the 
remainder was destined for Spain. 

Ferrominera Orinoco C.A., a subsidiary of 
the Government-owned Corporacion Vene- 
zolana de Guayana, assumed exclusive ré- 
sponsibility for development of the iron ore 
industry on January 1l, 1976. Operations 
were conducted under two divisions; the 
Piar division, which includes the mine at 
Cerro Bolivar and the ore-drying and 
screening plant and shipping facilities at 
Puerto Ordaz; and the Pao division, which 
includes the mine at El Pao and the wash- 
ing plant and shipping facilities at Palua. 
The Piar division accounted for 83% of 
Venezuelan production and exports of iron 
ore in 1976; this included 1.1 million tons of 
ore produced at San Isidro for consumption 
by Siderurgica del Orinoco (SIDOR) at Ma- 
tanzas 


Production of partly reduced ore (high- 
iron briquets) at Puerto Ordaz totaled 
171,000 tons in 1976, compared with 203,000 
tons in 1975. At Matanzas, the direct- 
reduction plant of Fior de Venezuela was 
completed in 1976. Two other direct- 
reduction plants were under construction at 
Ciudad Guayana. 

A pelletizing plant designed to produce 
6.5 million tons of iron ore pellets per year 
was under construction by Voest-Alpine AG 
for SIDOR in 1976. The plant will employ 
the Lurgi traveling-grate system and was 
scheduled for completion in 1978. 

In December 1976, Ferrominera Orinoco 
awarded a contract to the Link-Belt division 
of FMC Corp. to expand production capacity 
of the ore-drying and screening plant at 
Puerto Ordaz. The plant's production ca- 
pacity for dried ore fines will be doubled to 
approximately 14 million tons per year. 
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TECHNOLOGY 


Increasing costs of materials, labor, fuels, 
and environmental controls continued to 
plague the iron mining industry in 1976. To 
minimize this, companies attempted to im- 
prove operating methods and to devise bet- 
ter cost controls. In the 10-year period 1965- 
75, equipment costs increased 84%, mate- 
rial costs increased 100%, and labor costs 
increased 13396.* 

In the iron ore industry, several com- 
panies, to control costs, have reversed the 
trend of increasing the size of mining equip- 
ment. Reserve Mining Co. chose to continue 
using 100-ton trucks as well as jet-piercer 
drills. Likewise, Eveleth Taconite Co., for its 
expansion completed in 1976, purchased 85- 
ton trucks* and four 195-B electric shovels 
with 10-cubic-yard buckets, rather than the 
150- to 350-ton trucks or the 16- to 20-cubic- 
yard shovels available on the market. The 
main reasons for using the smaller equip- 
-ment were lower initial cost and higher 
operating availability. 

Processing, on the other hand, was ten- 
ding toward larger machinery. A 10-foot- 
diameter cone crusher for milling oper- 
ations was placed in service in the Republic 
of South Africa, and flotation cells with 
volumes of more than 600 cubic feet were 
planned. Larger ball and rod mills were 
being used, as evidenced by those installed 
by Eveleth Taconite Co. Semiautogenous 
grinding was increasingly favored. The use 
of rubber liners in ball mills was rising 
because of the ease of installation, longer 
life, and acid-resisting characteristics.* 

Process control was also becoming more 
sophisticated. Two methods were being ad- 
apted to iron ore beneficiation: Radioisotope 
probes in the process stream; and the ability 
to measure particle sizes within the stream. 
By using the probes, metal concentration 
data, essential for control, may be obtained 
rapidly and precisely. 

A new dock facility of the Burlington 
Northern Railroad at Superior, Wis., cap- 


able of handling 18 million tons of pellets 
per year, was being built to handle the 
production of the Hibbing Taconite Co. and 
the National Steel Pellet Co. Completion of 
the facility was expected in early 1977.’ 

A further technological development was 
the increasing number of plants utilizing 
direct-reduction processes. Three Midrex 
plants added capacity or began operations 
during 1976: The Dalmine Siderca plant in 
Argentina; the Siderurgica del Orinoco C.A. 
plant in Venezuela; and the Sidbec-Dosco, 
Ltd., plant in Quebec. Predictions were that 
by 1980, direct-reduction plants will be pro- 
viding 15 million tons per year of direct- 
reduced iron.* 

The Bureau of Mines Twin Cities Metal- 
lurgy Research Center continued to investi- 
gate concentration of Western Mesabi non- 
magnetic taconites by cationic flotation. 
Completion of these tests was not expected 
until 1978. The center also conducted tests 
in metallizing pelletized iron oxide concen- 
trates, using lignite and coal in a rotary 
kiln. The tests proved that this can be done 
successfully. 

Environmental research, in reclaiming 
both previously mined areas and areas 
being mined, was being conducted by the 
Bureau of Mines, as well as by industry. 
The Bureau's research included the design 
of new equipment and the development of 
new methods for backfilling old and new 


workings. 


*Mining Co Journal. A npe n Pit 
ο... V. 63 63, No. 2, February 1 T. DP. 11 127. 


5Skillings' Mining Review. Eveleth Expansion Marks 
mee 2. Jan. 8, 1977, 


PES Allen, Minerals Processing — 1976. Min. Cong. J., v. 
68, No 2, 2' February 1977. 
^ Mining Review. V. 66, No. 30, July 23, 1977, 
PP. 10411. 


i and Mining Journal. Three New Midrex 
Reduction | Plants Go ver Cg V. 178, No. 5, May 1977, 
pp 

°Oeterson, R. E., and C. Prasky. Metallization of Pelletiz- 
ed Domestic Iron Oxide Superconcentrates With Lignite 
and Coal In a Rotary Kiln. BuMines RI 8179, 1976, 18 pp. 
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IRON ORE 661 
Table 4.—Crude iron ore mined in the United States, by district, State, and 
mining method 
(Thousand long tons and exclusive of ore containing 5% or more manganese) 
1975 1976 
District and State Open Under. Total Open Under. Total 
pit ground quantity! pit ground quantity! 
Lake Superior: 
Michigan ___ _ _  _ _ - 87,746 2,042 89,788 41,998 1,966 48,959 
Minnesota 143,296 8 143,296 148,689 as 148,689 
Wisconsin ..... _ _ _ _ -.-... 2,285 ἘΠῊΝ 2,285 2,253 "E 2,253 
Total reportable ......-...------------ 183, 327 2,042 185,369 192,935 1,966 194,901 
Southeastern States: Alabama 
and Georgia 884 a 884 W iu W 
Northeastern States: New York 
and Pennsylvania W W 5,171 W W 5,540 
Western States 
Missouri u. u u LL - -.-.-.-.-.-.-.... Ee 4,174 4,174 Ἔκ 4.081 4,081 
Montana ___________________ 18 ἈΠῈ 18 18 εἰς 18 
Nevada |... 2222222222222 106 MN 106 W e W 
C ee 2 Rusu 8,544 == 8,544 9,433 m 8,433 
Wyoming W W 5,070 W W 4,993 
Other? ____________________ 10,686 E 10,686 10,791 2 10,791 
Total reportable? ____--------- 14,354 4,174 23,598 14,242 4,081 23,816 
Total withheld _ Li 1,677 2,564 3 8,271 2,561 805 
Grand total!’ _______________ 205,143 8,779 214,522 215,455 8,608 224,068 


W ML ad to avoid disclosing individual company confidential data; included with Total withheld" and Total 
quan 
Data may not add to totals shown because of independent rounding. 
3[ncludes Arizona, California, Colorado, Idaho, New Mexico, South Dakota, and Texas in 1975. Includes Arizona, 
California, Colorado, South Dakota, and Texas in 1916. 
Total withheld data included with “Total quantity for each respective district or State. 


Table 5.—Crude iron ore shipped from mines in the United States, by district, 
State, and disposition 


(Thousand long tons and exclusive of ore containing 596 or more manganese) 


1975 1976 
District and State Direct to To bene- Direct to To bene- 
* con- ficiating ων 1 con- ficiati Bren 1 
sumers plants q ty sumers plants q ty 
Lake Superior: 
ichigan __ ~_-____ 39,600 . 44,089 
848 174,922 360 192,682 
Minnesota __ --------- 135,670 148,953 
Wisconsin __________________ ENS 2,285 2,285 ide 2,253 2,253 
Total reportable? ____—-------- 848 177,207 177,555 360 194,935 195,296 
Southeastern Alabama 
and Georgia = 884 884 == W W 
ortheastern States: New York 
and Pennsylvania .............-...-...-.-.. -. cus 4,9328 4,328 EUN 5,633 5,633 
Western States 
i MM E A PETER eee = 4,195 4,195 ΕΠΕ 4,068 4,068 
Montana ..........-. -- -.-- -.-------- -..-.. -. -. -. 1 ΕΗ 18 AS 18 
Nevada __________~__________ 106 NA 106 W = w 
3222 στο κ ες. W W 8,595 W 8,440 
Wyoming W W 5,070 κ. 4,993 4,998 
JJ εκ ος CTUM 274 10,751 11,081 444 10,088 10,532 
Total reportable ____________ — 398 14,952 28,956 462 19,144 28,046 
Total withheld ~___ ~~ .__________ 998 7,608 (5) 1,026 2,119 805 
Grand total? _______________ 1,745 204,478 206,223 1,849 222.432 224,281 


W eee? to avoid disclosing individual company confidential data; included with “Total withheld" and “Total 
quan 
1Data may not add to totals shown because of independent rounding. 
Includes Arizona, California, Colorado, Idaho, New Mexico, South Dakota, and Texas in 1975. Includes Arizona, 
California, Colorado, South Dakota, and Texas in 1976. 
Total withheld data included with “Total quantity" for each respective district or State. 
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Table 6.—Usable iron ore produced in the United States, by district, 
State, and variety 


(Thousand long tons and exclusive of ore containing 596 or more manganese) 


1975 1976 
District and State Hema- Limo. Meg Total Hema- Limo Mas- Total 
tite nite πο quan- tite nite Πο quan- 
ite tity ite tity 
Lake Superior: 
Michigan __________________ W ES W 14,774 W huc W 16,80 
Minnesota ________________ _ 10,466 —— 40,711 51,177 9,120 -— 40,644 49 764 
Wisconsin _________________ σα En 784 784 M oe 668 668 
Total reportable! ____—------- , 10,466 -— 41,495 66,735 9,120 _. 41312 67,138 
Southeastern S 7 Alabama 
κιν οπών TUR PR 139 ΠΡ 139 gies, W NES W 
N αμ. ern States: New York 
and Pennsylvania ος. = 1,860 1,860 SOR — 2,017 2,017 
Western States 
Missouri __________________ ES _—_ 2,299 2,299 m s 2,204 
Montana __________________ = EN 18 18 ΒΗ ΕΤ 18 18 
Nevada W τς W 106 ΜΉΝ W W 
οι το ο ενας ο PENES W ας W 1,831 c" c 1,334 1,384 
Wyoming W ER: W 2,039 W i W 2,139 
Other? ___________________ 109 600 3,142 3,850 W W W 8,971 
Total reportable ___________ _ 109 600 5,459 9,643 W W 3,556 9,666 
Total withheld ________________ 8,670 -— 9,581 Q) 10,228 639 12,409 187 
Total all States! ____________ 19,244 789 58395 78,378 19,348 639 59,295 79,282 
Byproduct ore T E Ἂς 451 ΕΝ ΡΝ το 711 
Grand total!! 19,244 739 58,395 78, 866 19,348 639 59,295 179,998 


W Withheld to avoid disclosing individual company confidential data; included with Total withheld." 
1Data may not add to totals shown because of independent rounding. 
Σ]πο]υάθα Arizona, California, - Idaho, New Mexico, South Dakota, and Texas in 1975. Includes Arizona, 
California, Colorado, South Dakota, and Texas in 1 
*Total withheld data included with “Total quantity" for each respective district or State. 
Including magnetite and residues from iron sulfides produced from base metal mines. 
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Table 7.—Usable iron ore produced in the United States, by district, 
State, and type of product 


(Thousand long tons and exclusive of ore containing 596 or more manganese) 


1975 1976 
ΝΡ Direct- Iron Direct- Iron 
District and State ship- ^ Agglom- ο (content ship-  Agglom- € coateat 
ping erates natural, ping erates na i 
ore trates percent) ore trates percent) 
C ea 14,287 63 6,553 63 
ichigan____________ 16, 
386 } [ 10,566 } [ 330 ! | 9,249 
Minnesota 40,111 61 40,612 61 
Wisconsin -- 784 ne 65 668 65 
Total reportable ο... 386 55,782 10,566 61 330 57,833 9,249 62 
Southeastern States: Alabama 
an RTT E Em 139 47 M a W 53 
Northeastern States: New York 
and Pennsylvania -ᾱ W W 64 EXE W W 63 
Western States Ine I UU EI W CW ας. 
Missourr —--------- ux 2,269 30 61 M 2,160 44 66 
Montana ..............-. -. -... 18 ΜΗ ΚΡ δ0 18 e ENG 46 
3777770 106 oe -- 60 W m MN 60 
Utah |... _ -- W -- W 51 W ΗΝ W 54 
Wyoming W W W 61 -- W W 59 
Other! _____________ 214 W W 59 444 W W 59 
Total reportable ______ 398 2,269 30 66 462 2,160 44 60 
Total withheld __________ 998 5,066 2,744 60 1,026 4,541 3,696 69 
Total all States 1,788 63,1 17 13,480 61 1,819 64,534 12,929 62 
Byproduct ore ee 487 -- 68 711 — 68 
Grand total 1,783 163,604 19,480 61 1,819 65,245 12,929 62 


"Revised. W Withheld to avoid disclosing individual company confidential data; included with Total withheld.“ 

Includes Arizona, California, Colorado, Idaho, New Mexico, South Dakota, and Texas in 1975. Includes Arizona, 
California, Colorado, South Dakota, and Texas in 1976. 

2Data may not add to totals shown because of independent rounding. 

Including magnetite and residues from iron sulfides produced from base metal mines. 

*Byproduct concentrates included with agglomerates to avoid disclosing individual company confidential data. 
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Table 9.—Usable iron ore produced in Lake Superior district, by range 
(Thousand long tons and exclusive after 1905 of ore containing 596 or more manganese) 


Me- š Black 
Mar- ; Ver- ; Spring p; 

Year quette Dom. Gogebic ου NMesabi Cuyuna Valley River Total? 
185419711 399,593 308,462 320,334 103,528 2,821,809 70,336 8,149 1,676 4,089,885 
11777 τε. 9,181 2,533 i Lx 48,998 c m 888 61,550 
CTT 9,036 4 m e 60,021 E TR 956 72,416 
11111 E EE 8,920 2,419 = o 58,484 "m ES 899 7 
1916....-.--.------.. 12,443 2,931 NM "m 51,177 zu = 184 66,735 
1916. ee 14,663 2,318 = -- 49,764 SN = 668 67,418 

Total 2n 453,786 320467 320394 103,528 3,096,253 70,336 8149 5,871 4,818,722 


1Data may not add to totals shown because of independent rounding. 


Table 10.—Average analyses of total tonnage: of all grades of iron ore shipped from 
the U.S. Lake Superior district 


Year W Content (percent)? 
long tons) Iron Phosphorus Silica Manganese Alumina Moisture 
7770 uis 64.721 60.40 0.031 6.76 0.30 0.52 8.98 
INS nani 76,281 60.66 .030 6.77 .83 41 8.79 
19711 72,194 60.26 030 6.68 35 40 8.94 
1918 8 64,174 60.91 0380 6.72 28 39 3.53 
19768 lou 64, 61.38 .029 6.72 .26 8.20 
1Railroad weight—gross tons. 


Aron and moisture on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 
Source: American Iron Ore Association. Iron Ore, 1975, p. 92; 1976, p. 94. 


Table 11.—Consumption of iron ore and agglomerates in the United States in 1976 
(Thousand long tons and exclusive of ore containing 596 or more manganese) 


Iron ore and 
m concentrates! Agglomerates" Miscel- Total 
Blast Steel Blast Steel laneous reportable 
furnaces furnaces furnaces furnaces 

Alabama, Kentucky, Texas 1,852 13 7,031 W W 8,896 
California, Colorado, Utah |... 1,451 W 5,565 W W 7,016 
Ohio and West Virginia 8,810 158 21,599 132 W 25,694 
inois and Indiana —~___________ 1,134 ae 82,691 99 W 33,924 

Lv pir a kau Snap een ER erat ee er me 213 E 9,734 W W 9.947 
Maryland, New York, Pennsylvania 6,345 325 31,830 441 W 38,941 
Undistributed ........................----- " 97 TM 23 885 1,005 
Total!!! 14,805 588 108,450 696 885 125,424 


W Withheld to avoid disclosing individual company confidential data; included in '"Undistributed." 
1Νοί including pellets or other agglomerated products. 
ο 62,225,569 tons of pellets produced at U.S. mines and 13,226,321 tons of foreign pellets and other 
omerates. 
Biches iron ore consumed in production of cement and ferroalloys, and iron ore shipped for use in manufacture of 
paint, ferrites, and heavy media. 
*Data may not add to totals shown because of independent rounding. 


666 


Table 12.— Iron ore consumed in produc- 
tion of agglomerates at iron and steel 


plants in 1976, by State 
(Thousand long tons) 
onore Agglomer- 
ida consumed! 9 
Alabama, Kentucky, 
Tease 2,520 9,442 
ifornia, Colorado, 
Utah ___________ 1,895 2,068 
Ohio and West 
irginia ......... 2,330 8,496 
Illinois, Indiana, 
gan 6,599 9,789 
Maryland, New York, 
Pennsylvania 10,135 13,931 
Total 23,419 82,726 


Includes domestic and foreign ores. 


Table 14.—Production of iron ore agglom- 
merates' in the United States, by type 


(Thousand long tons) 
Agglomerates produced 
1975 1976 
Sinter, nodules, cinder _ _ _ _ 290,825 332 955 
Pellets 62,779 64,805 
Tetal .. .... 93,604 97,260 


1Production at mines and consuming plants. 
?Includes 14,942,000 tons of self-fluxing sinter. 
Includes 16,318,600 tons of self-fluxing sinter. 
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Table 13.—Beneficiated iron ore shipped 
from mines in the United States! 


(Thousand long tons and exclusive of ore 


containing 5% or more manganese) 
Proportion of 
Bene- Total ; 
Year ficiated iron  beneficiated 
ore ore to total 
(percent) 
1912: — i 72,011 17,884 92.5 
1918. 894 90,654 95.9 
1974 79,995 84,985 94.1 
1915 ——— n 13,951 15,695 97.7 
19755 4,848 16,697 97.6 


1Beneficiated by further treatment than ordinary 
crushing and screening. Excludes byproduct ore. 


Table 15.—Stocks of usable iron ore at 
mines, Dec. 31, by district 


(Thousand long tons) 
District 1975 1976 
Lake Superior 5, 851 7,954 
Southeastern States 612 ος. 
Northeastern States 5,191 5,057 
Western States 646 982 
Total 212,299 13,993 
1Excluding byproduct ore 


sData do not add to total shown because of independent 
rounding. 


Table 16.—Average value of usable iron ore’ shipped from mines or 
beneficiating plants in the United States in 1976 


(Dollars per long ton) 
District 
Type of ore Lake South- North- 
Superior eastern eastern Western 
ον Dipping: Remate and magnetite ________________ 13.26 οἱ. oe 9.46 
Concentrates, hematite and magnetite __________________ 13.32 Ex 18.00 17.35 
Concentrates, limonite .................--...-----.-..-.-.---....-..-----..-.. irs W ο 18.14 
Agglomerates __ _ _ _ _ 22222222222 26.56 Te W 26.54 


W Withheld to avoid disclosing individual company confidential data. 


F. o. b. mine or plant. Excludes byproduct ore. 
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Table 17.—U.S. exports of iron ore, by country 
(Thousand long tons and thousand dollars) 


1974 1975 1976 
Country > — — 
Quantity Value Quantity Value Quantity Value 
Austria __ 2 -..--..----- TR sd 1 Ene T 
Canada _________________ 1,814 30,061 2,485 59,170 2,897 80,981 
Fr ande 27 329 6 11 1,129 
7171711 8 439 4,691 40 658 () 2 
Mexico _________________ 1 1 12 (1) 5 
Sweden. km 8 40 20 zx a EN = 
United Kingdom „ mE An (1) 8 5 32 
Other eene 2 33 (1) 18 (1) 43 
Total. s u cz p= x 2,923 85,148 2,537 60,071 2,913 82,192 
lLeas than 1/2 unit. 
Table 18.—U.S. imports for consumption of iron ore, by country 
(Thousand long tons and thousand dollars) 
1974 1975 1976 
Country - A P 
Quantity Value Quantity Value Quantity Value 
Africa, Western, nec ............. 8 90 112 1,702 T M" 
Angola .. _ _ l--- T260 135312 213 4,961 - ος 
Australia 638 7,292 803 8,512 616 12,884 
r . 6,572 85,259 7,525 120, 947 5,388 111,797 
British West Africa. _________ _ 365 M = TM -- 
JJ; πώ 19,702 841,577 19,111 420,116 24,962 625,588 
Chile neon 296 2,883 932 12,172 608 7,96 
Gabon —b 57 577 S M E een 
Germany, West __ _ -- 16 590 pe ws ο) " 
India ocn eee EA E 164 1,661 130 1,198 
// oso u al cl m M Lm 8 103 
ren aa c x de al tin Es E 56 1,024 TUN mer 
TIR odes cre 2,730 729,113 2,496 38,909 2,152 84,198 
Morocco pus MA ὅσας μα 11 259 
New Guinea 48 470 VER T Ἔν MER 
Norway 222-2222 -2-2-2-2 nos Ws 53 1,285 151 4,949 
11717111 mee ee EN a 1,810 127,825 1.551 32,627 716 15,233 
ilipp ines 15 392 14 478 4 170 
South Africa, Republic of .. _ _ _ _ _ 1 21 129 2,475 162 4,979 
Sweden __________________ 335 6,215 182 5,783 442 9,412 
CC eh 126 1,622 265 2,518 44 471 
Venezuela ________________ 715,977 189,188 13,137 205,304 9,001 151,635 
πμ 8 (1) (1) 29 (3) 10 
Total . Oy u z 48,029 696,298 46,743 860,496 44,890 980,348 


r Revised. 
Less than 1/2 unit. 
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Table 19.—U.S. imports for consumption of iron ore, by customs district 
(Thousand long tons and thousand dollars) 


Y 1974 1975 1976 
Quantity Value Quantity Value Quantity Value 
Baltimore 11.880 153,554 10,832 181,979 9,279 197,218 
Buffalo -—----------------- 81,55 2,759 62,775 8,471 ; 
Charleston ___________-__--— 70 154 4,076 190 5,043 
Chicago 3,999 65,179 4,026 82,517 6,037 187,956 
Cleveland ________________ 4,857 82,728 5,556 116,315 7,786 198,480 
ONG E pL 1,428 034 1,899 1,881 53,891 
Houston 925 16,844 690 14,938 153 8 
Los Angeleeesesss 184 1,396 56 150 2,707 
Mobile ___ 5,776 78,414 4,265 70,764 4,627 91,964 
New Orlen 611 8,162 624 0, 14,231 
Philadelphia 13,364 173, 894 15,274 256,820 9,597 176,787 
Portland, Oreg __ _ _ _ -.. 8,074 8 407 198 8, 
Seattle ΜῊ Ἐν (1) (13) 84 
Wilmingto C 346 6,626 296 8,084 226 6,798 
fl, IN A. uu mcm eee eS D , , 
Other ~--~- 4 401 2 118 2 1 
Total ο ο u u 2 L 1 48,029 696,298 46,743 860,496 44,390 980,348 
1Less than 1/2 unit. 


Table 20.— Iron ore, iron ore concentrates, and iron ore agglomerates: 


World production by country 
(Thousand long tons) 

Gross weight? Metal content? 

Country! ME itv tedesco odit 
1974 1975 1976P 1974 1975 1976 
North and Central America: 
Canada* __ Lcx 49,187 46,128 56,090 80,844 28,724 84,928 
Mexico® ________________ 4, 4,974 5,380 3, 3,316 3,587 
United Stats 84,355 78,866 79,993 51,457 49,362 
South America: 

ntina ~- _ 1408 260 9345 T209 119 5151 

Bolivia (export ---------- 81 BS 19 
z κο κ. 714,809 88,474 90, 360 748,301 57,508 *59,640 

Chile __ "——— € 10,109 10,875 10,225 6,369 6,851 
Colombia 437 529 540 188 221 233 
Per nic i cie 9,375 7,630 4,701 16,121 4,987 8,040 
Venezuela 26, 007 24,381 *17,910 116,124 15,116 *11,110 
Albania? aa 395 415 420 140 145 150 
Austria____ _ - -..-.-.----.-.-. - 4,118 3,772 3,724 1,290 1,182 1,147 
Belgium __ _ _- 121 62 36 28 19 
ulgaria________________ το 643 300 2,279 845 736 752 
Czechoslovakia ...........- -........ 1,661 1,745 1,878 498 523 488 
Denmark________________ 6 18 *13 2 5 5 
Finland“ 922 894 1,149 5 587 756 
France e ññ! 15,403 48,863 44,468 716,450 15, 067 18,578 
Germany, East? 152 58 50 E 23 19 
Germany, West (salable) ___ _ _ _ 4,369 8,286 2,220 1,890 1,036 738 
Hungary J 536 632 592 126 151 141 
Haly? o s ose enc 584 532 506 234 253 
Luxembourg 2,644 2,219 2,046 198 593 
Norway... -..... --... -.............-.... 8,842 4, 3,859 2, 2,620 2,500 
Poland __ _ .. .-.----.-- 1,276 1,178 668 852 200 
Portugal! ... ....- 152 55 47 121 22 27 
Romania. 3,213 3,017 2,790 1,044 980 125 
1 s u ee wae owe 8,108 7,520 7,488 3,926 3,634 3,742 
S κ eC RAR CP I EN RCM 582 30,379 30,046 22,495 19,332 19,109 
USSR ο a chos T221,252 229,126 235,225 1130, 539 185,185 188,783 
United Kingdom 8,545 4,419 4,500 1,162 1,188 
Vugoslavia - 4,954 5,156 4,198 71,711 1,898 1,548 
Algeria 3.732 3,149 2.756 2,016 1,708 1,486 

Angela ________________- 5,413 «2706 ( d "3,215 r 91 638 ( 

ese ace ere ey 711,016 1.103 1.223 551 612 

Kenyaᷣũ ?? 19 16 51 512 9 
Liberia 23,409 23,620 18,517 14,280 14,710 11,943 
Mauritania 11.482 „549 9,5 7, 5,514 6,135 


See footnotes at end of table. 
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Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates: 
World production by country —Continued 


(Thousand long tons) 
: 2 t3 
Country! Gross weight Metal conten 
1974 1975 1976P 1974 1975 1976P 
Africa: —Continued 

Morocco o - -.......- -. --... 528 545 337 824 844 218 
Rhodesia, Southern? T590 590 590 378 878 878 
Sierra Leone 1,982 1,431 ae 1,249 901 τος. 
South Africa, Republic of“ __ 11,370 12,104 15,416 7,107 1,565 9,635 
Swaziland — — 2,044 2,204 151,717 1,288 1,389 1,082 
Tunisia ¿u Z er Sees μμ νετ 805 601 504 477 831 253 
China, People's Republic off _ _ _ _ 760,000 64,000 64,000 730,000 82,000 82,000 
Hong Kong 157 165 36 83 87 18 
( ·˙·ů4 . S 34.925 40,645 42,336 21,863 25,444 26,502 
Indonesia 359 347 288 208 202 161 
Iran! 2 T985 985 1,085 600 600 660 
Japan" .......... 766 715 746 436 417 443 
Korea, North _____________ 9,250 ; 9,350 3,700 3,700 3,740 

Korea, Republic off 485 51 612 
ays ia 466 303 261 209 185 
Philippines 1,588 1,330 562 910 799 315 
Taiwan _________________ (12) (12) ES (13) (13) a 
d Fh 8 36 32 25 19 15 
Turkey — %⅛‚0w-r-‚- eem 2,249 2,203 8,391 11,293 1.267 1.950 

Oceania: 

Australia 195,419 96,111 91,775 60,308 60,771 57,761 
New Zealand? 2,316 2,261 €2,165 1,320 1,289 €1,235 
C ecc T883 834 887,389 881,028 1507, 877 512,844 511,832 


1In addition to the countries listed, Cuba and Vietnam may produce iron ore, but definitive information on output 
levels, if any, is not available. 
ar as availability of sources permits, gross weight data in this table represent the nonduplicative sum of 
marketable direct shipping iron ores, iron ore concentrates, and iron ore agglomerates produced by each of the listed 
countries. Concentrates and agglomerates produced from imported iron ores have been excluded, under the assumption 
that de ore from which such materials are produced has been credited as marketable ore in the country where it was 
mined. 
*Data represent actual reported weight of contained metal or are calculated from reported metal content. Estimated 


are on latest available iron ore content reported, except for the following countries from which es are 
NE u of Mines estimates: Albania, Denmark, Hungary, Southern Rhodesia, the People's Republic of China, and 
ο orea. 


*Gross weight and metal content of shipments of usable iron ore, including byproduct ore, dry tons. 

Gross weight calculated from reported iron content based on grade of 66.67% Fe. 

Includes byproduct ore. 

"Nickeliferous iron ore. 

S Includes magnetite concentrate, pelletized iron oxide (from pyrite sinter) and roasted pyrite (purple ore). 

Includes "roasted ore,“ presumably pyrite sinter, not separable from available sources. 

10Excludes iron oxide pellets produced from pyrite sinter. 

11Includes manganiferous iron ore. 

12Revised to zero. 

13For cement manufacture. 

j inde byproduct magnetite as follows in long tons: 1974— 2,859,303; 1975— 2, 058,294; 1976—4,244,236. 
es. 


1όγραι beginning March 21 of that stated. 
νο including concentrate derived from iron sand as follows in long tons: 1974—232,432; 1975— 179,166; 


19] argely concentrates from magnetite-titanium sands. 
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Iron Oxide Pigments 


By Cynthia T. Collins! 


Production and trade in iron oxide pig- 
ments made a strong recovery in 1976. This 
reflected the upturn in demand from the 
coatings, plastics, and other industries 
which serve the automotive, heavy equip- 
ment, and construction markets. The $64.5 
million value of finished iron oxide pigment 
sales and the $16.6 million value of imports 
indicated an $81 million market in 1976, 
compared with the 1975 market of $55 
million. 

Legislation and Government  Pro- 
grams.—In November the Food and 
Drug Administration (FDA) permanently 
listed iron oxide pigments for use in cosmet- 
ics, including those intended for use in the 
area of the eye.? The ruling was to become 


effective on January 3, 1977. The original 
petition filed in August 1973 requested a 
permanent listing of iron oxides as additives 
for use in externally applied cosmetics,? and 
an amendment in March 1976 added the use 
of iron oxides in all types of cosmetics 
subject to ingestion.* The amendment de- 
fines the color additive iron oxides as con- 
sisting of any one or any combination of 
synthetically prepared iron oxides, includ- 
ing the hydrated forms, free from admix- 
ture with other substances. The oxides must 
conform to the following specifications: 
Arsenic, not more than 3 parts per million; 
lead, not more than 10 parts per million; 
and mercury, not more than 3 parts per 
million. 


Table 1.—Salient iron oxide pigments statistics in the United States 


Mine production ........... ........-........ short tons 
Crude puse sold or used do 

11 ce thousands 

Iron oxides from steel plant wastes _ _ _ short tons 
JJV thousands. .. 
Finished pigments sold o x Short tons 
ων aes es u Se eae thousands. _ 
MOTO RH ag ae a short tons. .. 
Value .....΄----..΄-΄------------ thousands_ _ 

ὑπ for ιών in 3 short tons 
ωστοσο. thousands 

revised. NA Not available. 


1972 1973 1974 1975 1976 
W W W 141.278 63,180 
W W "38,030 55,980 
$418 $931 $1,429 $1,093 1,263 
NA NA W 19,252 21,408 
NA NA W $1,102 $1,258 
152,412 148,802 147,544 104,840 185,915 
$31,003 843,514 860,612 $46,206 500 
4,268 9,888 9,666 8,780 5,805 
$1,926 $3,101 $3,466 $2,528 359 
47,271 51,183 54,215 21,979 50,102 
$8,529 . $12,005 $16,367 $9,184 $16,564 


W Withheld to avoid disclosing individual company confidential data. 


DOMESTIC PRODUCTION 


Production of finished iron oxide pig- 
ments, as measured by sales, increased 3096 
over that of 1975. Finished natural pigment 
production increased 33%, while synthetic 
pigment production rose 27%. A 40% in- 
crease in value of overall sales reflected a 
12% rise in the average unit value of 
synthetic pigments to nearly 40 cents per 
pound. Values of finished natural pigments 


remained unchanged. Average unit value of 
synthetic pigments was nearly five times 
greater than that of natural oxides. 


1Mineral specialist, Division of Ferrous Metals. 

Federal Register. Listing of Iron Oxides for Use in 
Cosmetics. V. u No. 231, Nov. 30, 1976, PP. 52445-52446. 

3 Notice of Filing of Petitio Color 
Additives. V. 8 No. 150, Aug. 6, die. p. . 21 
Amendment of of Petitions for Color 
Additives VoM. No. 281, Mar. 5, 1976, p. 9584. 
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Shipments of pigments increased in all 
categories in 1976. In synthetic pigments, 
shipments of yellow iron oxides increased 
40% and combined shipments of blacks and 
browns increased 34%. In natural pigments, 
the most significant increase occurred in 
shipments of black magnetite; eight compa- 
nies produced this product in 1976, com- 
pared with four companies in 1975. Umbers, 
ocher, and red iron oxides also showed large 
gains. 

Table 2 reflects data compiled from res- 
ponses by 21 companies to the Bureau of 
Mines canvass and represents 9596 coverage 
by quantity. All companies reported gains 
in 1976. One new plant came onstream in 
1976. BASF Wyandotte Corp. started pro- 
duction in a new 3-million-pound-per-year 
capacity plant at Wyandotte, Mich., to pro- 
duce transparent iron oxide pigments for 
use in metallic and wood-grain finishes. 
Indiana General Corp. discontinued pro- 
duction of iron oxides in 1976, reportedly 
due to unfavorable price competition from 
increased imports of regenerator oxides. 


MINERALS YEARBOOK, 1976 


Domestic production of iron oxides from 
steel plant wastes increased 11% over that 
of 1975. Four companies produced iron ox- 
ides as a byproduct from steel plant dusts or 
regenerated pickle liquor. These oxides 
were used mainly in the manufacture of 
ferrites. 

Production of crude iron oxide pigments 
increased 53% in 1976. Shipments rose 47% 
but total values increased only 16%, indica- 
ting a drop in average unit value. Crude 
pigments were produced by the four compa- 
nies listed at the end of table 3. 

Table 4 shows a 22-year analysis of fin- 
ished iron oxide pigment shipments. The 
ratio of synthetic pigment shipments to 
natural pigment shipments has been nearly 
equal for the last 13 years, following a 
decade when the ratio was at or near 2:1. 
Ratios of synthetic to natural pigment val- 
ues have fluctuated over the same period, 
reaching a high level of 5.4:1 in 1963, and a 
low of 2.7:1 in 1971. Figures shown annually 
in table 2 under “Unspecified” have been 
apportioned between synthetic and natural, 
as described in the footnote to table 4. 


Table 2.—Finished iron oxide pigments sold by processors in the United States, by kind 


Pigment 


1Included with brown iron oxide. 


1975 1976 

Quantit Value Quanti Value 

(Short. (thou- ard (thou- 

tons) sands) tons) sands) 
(2 (ὦ) 71,235 $602 
10,545 $2,087 8,252 2,306 
3,964 1,506 5,243 2,242 
1, 454 542 1.827 768 
28, 486 2,884 87,221 8,008 
632 338 67 2 401 
4,209 472 5,461 539 
638 305 645 819 
49,928 7,634 66,567 10,180 
5,730 4,494 7,682 6,305 
20,596 13,927 ,285 18,716 
19,308 13,998 27,013 ,886 
45,629 82,419 51,980 45,967 
9,288 6,153 11,968 8,859 
104,840 46,206 185,915 64,506 


3Includes vandyke brown. In 1975, includes black magnetite. 


a pyrite ne 
cludes yellow iron oxide. 
5Includes synthetic black iron oxide. 
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Table 3.—Producers of iron oxide pigments in the United States in 1976 


Producer Mailing address Plant location 
Finished pigments: 
BASF Wyandotte Corp --------- 100 Cherry Hill Rd. Wyandotte, Mich. 
Parsippany, N.J. 07054 
Blue Ridge Tale Co, Ine Box Henry, Va. 
Henry, Va. 24102 
Chemalloy Co., Inne Box 350 Bryn Mawr, Pa. 


Chemetron Corp., Chemetron 


Pigments Div. 
ο Service Co., Columbian 
v 


Combustion 


ineering, Inc., 
CE Minerals 


e iv. 
DCS Color & Supply Co., Ine 


E. I. du Pont de Nemours 
„Inc. 
Ferro Corp., Ottawa Chemical 


Pfizer Inc., Minerali; Pigments 
& Metals 


George B. Smith Chemical 
Works, Inc. 


Solomon Grinding Service _ _ _ _ _ 


Ster oru Inc., Hilton- 
Dune Chemicals Div. 


Hoover Color σκι. 55 
Meramec Mining oo 


Hoover Color Cord 
Mineral Pigments Corn 
New Riverside Ochre C0o _ _ _ 


— 1700 Lehi 
Bo 


Bryn Mawr, Pa. 19101 
491 Columbia Ave. 
Holland, Mich. 49423 
Box 5373 

Akron, Ohio 44313 


901 East 8th Ave. 


Hiwassee, Va. 24347 


— 17011 Muirkirk Rd. 


Beltsville, Md. 20705 


-- Box 387 


Cartersville, Ga. 30120 

235 East 42d St. 

New York, N.Y. 10017 
t. 


New Hr N. Y. 10010 
1 Center St. 

Maple Park, Ill. 60151 
Box 1766 


x 
pi ield, III. 62705 


Newark NJ. 01 105 


1460 Union Commerce Bldg 


Cleveland, Ohio 44115 


— Box 218 


Hiwassee, Va. 2434 


as Martin Towers, PRA 1836 


Bethlehem, Pa. 18016 
Box 387 
Cartersville, Ga. 30120 


Huntington, W. Va. 


St. Louis, Mo., Monmouth 
N N. J., Trenton, 


Camden, N. J. 
Milwaukee, Wis. 
Newark, N.J. 
Toledo, Ohio. 
Exton, Pa. 
Greenback, Tenn. 
Pulaski, Va. 
Hiwassee, Va. 
Beltsville, Md. 
Cartersville, Ga. 


Bethlehem, Pa. 
Maple Park, Ill. 
Springfield, Ill. 
Cincinnati, Ohio. 
Newark, N.J. 


Negaunee, Mich. 
Hiwassee, Va. 
Sullivan, Mo. 
Cartersville, Ga. 
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Table 4.—Domestic shipments of finished iron oxide pigments 1955-76, by type 
A Rati Ratio, 
— Quantity (short tons) synthetic Value (thousands) synthetic 
. Natural Synthetic Total natural Natural Synthetic Total natural 

1955. 41.156 74,146 115,302 1.80 $3,031 $14,441 $17,472 4.76 
1956 _ _ _ 43,296 0,565 113,861 1.63 3,091 14,013 17,104 4.53 
1957 345 69,520 104,865 1.97 2,121 18,678 16,405 5.02 
1958 _ _ _ 83,182 2⁴⁰ 98,422 1.97 2,655 13,167 5,822 4.96 
1959 41,238 76,366 117,604 1.85 3,185 15,852 19,037 4.98 
1960 _ _ _ 36,238 69,784 06,022 1.93 2,961 14,987 7,948 5.06 
1961 _ __ 35,457 71,045 106,502 2.00 2,921 15,418 18,945 5.27 
1962 482 15,483 112,965 2.01 8,220 16,578 19,798 5.15 
1963 489 81,358 118,847 2.17 3,296 7,889 21,135 5.41 
1964 56,060 63,479 119,539 1.18 5,553 17,438 22,991 3.14 
1965 65,111 2,429 21,540 0.96 6,101 17,448 23,549 2.86 
196... 66,601 64,057 130,658 0.96 6,505 18,836 24,841 2.82 
1967 _ _ _ 60,121 67,217 127,388 1.12 6,188 20,587 26,720 3.36 
1968 _ _ _ 59,296 73,087 132,888 1.28 6,623 24,058 30,676 3.68 
1969 _ _ _ 66,953 75,940 142,893 1.13 7,220 25,069 2,289 3.47 
1910)... 53,124 0,864 123,988 1.98 6,878 21,819 28,197 8.42 
1971___ 60,111 68,197 128,808 1.14 8,416 1 31,337 2.72 
1972___ 12,212 ,200 152,412 1.11 9,585 28,088 87,673 2.93 
1913 66,283 82,519 148,802 1.25 10,000 88,514 43,514 3.85 
1974 67.599 79,945 147,544 1.18 10,667 49,945 60,612 4.68 
1915. . ,022 51,818 104,840 0.98 8,513 87,693 4.43 
1916. _ _ 70,356 559 135,915 098 11,874 53,182 64,506 4.67 


lFigures for “Natural” and "Synthetic" include those classed as “Mixtures and Other" in table 2. Quantiti 
“Mixtures and Other" apportioned one-third to “Natural” and two-thirds to Synthetic“; value of “Mixtures and 


ü 


apportioned one-seventh to “Natural” and six-sevenths to “Synthetic.” 


CONSUMPTION AND USES 


Apparent domestic consumption* of 
180,212 short tons of iron oxide pigments in 
1976 was 45% above the 1975 level of 
124,039 tons. Demand from the automotive, 
industrial, and furniture coatings industries 
increased strongly in 1976. All color catego- 
ries of the iron oxides showed marked gains 
during the year, with a very strong increase 
in demand for transparent oxides for use in 
automobile and furniture coatings. 

Data were not collected in 1976 by the 
Bureau of Mines on specific end uses for 
iron oxide pigments, although a revised 
annual canvass will request this informa- 
tion in the future. Figures in table 2 do not 
necessarily reflect all sales of iron oxides 
used for pigments or other nonsmelting 
purposes. The largest percentage of iron 
oxide pigment consumption was in indus- 


trial coatings and trade sales (paints, stains, 
and varnishes). The construction industry 
also consumed iron oxide pigments in col- 
oring cement, mortar, concrete blocks, and 
roofing granules. The pigments were also 
used to color plastics, rubber, and paper. À 
continually growing segment of the high- 
purity iron oxide market was in the manu- 
facture of ferrites for magnetic and elec- 
tronic applications. Some of the natural 
black magnetite was sold for use in heavy 
media in coal preparation plants. 

The use of iron oxide pigments in cosmet- 
ics increased in 1976. A September ruling 
by FDA terminated the provisional approv- 
al of carbon black pigment for use in 
cosmetics;* therefore, producers of mascara 
and eyebrow pencils substituted iron oxide 
pigments in their products.’ 


PRICES 


Prices of finished iron oxide pigments 
increased in 1916 in almost all categories. 
Synthetic pigment prices increased by 6.5 
cents to nearly 10 cents per pound, while 
prices of some natural pigments rose even 
higher. Most price changes occurred in 
April and May, and the price of the two 
American siennas increased again in Octo- 
ber. Prices in those categories increased 


more than 14 cents per pound by the last 
quarter. 


sIndicated by quantity of finished iron oxide pigments 

sold plus imports of natural and synthetic iron oxide 

igments minus exports of pigment-grade iron oxides and 
es. 


*Federal Register. Termination of Provisional Listing of 
Carbon Black. V. 41, No. 186, Sept. 23, 1916, pp. 41857- 

"Chemical Week. Two Dyes Banned. V. 119, No. 13, Sept. 
29, 1916, p. 19. 
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Table 5.—Prices quoted on finished iron oxide pigments, per pound, bulk shipments, 


December 31, 1976 
Pigment Low High Pigment Low High 
Black: 
Synthetic 30.3100 80.3825 Domestic primers s $0.1725 
Micaceous μισώ μι «4000 Pure, synthetic i 4125 
Brown: Yellow: 
Ground iron ore .0750 .0900 Synthetik 3750 4050 
Metalli 2... ----- .1175 .1275 Ocher, domestic |... .0875 .0875 
Pure, synthetic 3650 4500 atural, French typfe _ _ ---- .1800 .2900 
Sienna, American, burnt 3075 .4000 
Sienna, 8 dad 3 2900 3275 
9 Purkey ourn ee ee 2475 .2150 
Turkey, τ ER 2200 2415 
Source: American Paint Journal. 
FOREIGN TRADE 


The quantity of pigment-grade iron ox- 
ides and hydroxides exported from the 
United States in 1976 decreased 34% from 
that of 1975. Total value of exports, how- 
ever, increased 3396, reflecting a twofold 
increase in average unit value. Exports to 
Canada, which comprise the largest percen- 
tage of total exports, fell 47% in 1976, while 
those to other countries either increased or 
remained close to 1975 levels. 

The quantity of other grades of iron oxide 
exports increased 3696 in 1976; values in- 
creased by 55%. Schedule B of the U.S. 
Department of Commerce Statistical Classi- 
fication of Domestic and Foreign Commodi- 
ties Exported from the United States de- 
fines other grade iron oxides and hydrox- 
ides as follows: Iron hydroxide, synthetic; 
iron oxide catalyst; iron oxide, synthetic 


(except pigment) and jeweler’s rouge 
(synthetic ferric oxide). 

Imports of iron oxide pigments for con- 
sumption increased 79% in 1976 compared 
with those of 1915, reflecting the strong 
upturn in demand. Value of imports in- 
creased 80%, which indicated only a small 
increase in average unit values. 

Imports of synthetic iron oxides increased 


. 8596 over 1975 levels; 52% of synthetic 


imports came from West Germany and 29% 
came from Canada. Imports of synthetic 
pigments from Japan increased significant- 
ly in 1976. Imports of crude and refined 
natural pigments were 56% greater than 
1975 imports; 7196 of natural pigments were 
crude and refined siennas and umbers from 
Cyprus, while 1296 were Spanish oxides. 
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Table 6.—U.S. exports of iron oxides and hydroxides, by country 


1975 1976 
Pigment grade Other grade Pigment grade Other grade 


Destination 


- š Quan- 2 
Se dn ur Fe Qe ὥς 
tons) sands) tors) sands) tons) ds tona) sands) 
— Bo" 2 9 = "og τὰ 
um- mbourg ..- ------- 
Brazil! 4 56 99 35 41 468 
ο μα ĩͤ σώος 7,484 1,494 797 445 3,985 1,862 962 885 
Colombia 15 1 1 41 84 
Equador ................. --.-.-.---- 2 1 9 12 1 1 
d κ εαν Le 7 -- 28 22 = 
Es en gg tae Hh 8 108 106 179 171 158 196 149 157 
Germany, Wet 148 81 241 480 125 89 640 
Guatemalaa 12 4 6 2 2 71 85 
dia 4c a a ots: os 32 8 (1) 1 8 17 
Indonesia___ _ _ ...............-.. ae om 59 26 3 4 " PS 
RM utu μα "n t 159 269 2 2 = ΚΞ 
Ireland  ....... ........ -..-. 18 8 UR 5 9 93 
J ius 5 453 498 78 1 571 826 
Japan ο ο ο LL ae 6 20 1,155 140 1,283 1,742 
Korea, Republic of 24 11 4 6 151 1 254 
iberia  ........................ 8 2 1 15 12 
Mexico __ __ 96 50 189 148 78 10 118 200 
Netherlands 49 32 525 75 411 717 
Netherlands Antilles (4) 1 aes Ei i = 45 
New Zealand ..........-- 2 1 pem NE 14 9 ce Es 
Panama ......-.-------- 8 8 86 5 EUM ἍΝ NN ane 
Perg 2 2 a S 30 10 7 10 4 
Philippines 66 3 4 98 80 6 5 
FFF cs ὅλος 28 25 em inn 64 91 
Singapore (1) 1 PET ΛΝ 88 67 71 16 
South Africa, Republic of _ _ _ _ _ 8 20 89 51 7 6 21 16 
Spain ——— i _ _ m να 40 20 14 14 46 
wan -.--------- 1 1 15 eii: τς 62 111 
United Arab Emirates PE 22 27 ales = 50 185 
United Kingdom 821 308 507 146 454 449 524 852 
Venezuela .............---.-. -.-.-- 186 88 146 1 82 80 66 47 
EP. dee S ku suu 50 47 76 146 168 
Total u: oe Z za 8,780 2,528 4,451 5,187 5,805 3,353 6,062 8,085 
1Leas than 1/2 unit. 
Table 7.—U.S. imports for consumption of iron oxide pigments 
1975 1976 
Kind Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
Natural: 
Crude: 
CChepg ieu e iacente EU 2 — ER 5 
Siennas: — T!!! ðͤ v ee sS 452 $91 466 $82 
προ 2:5 ακουω menus aUe Leber 8,894 282 6,223 421 
;§ö’—ÿd ο πο μμ 128 60 12 
% ³¹Ww0mAA¹ se oe ucc LE eI 4,474 433 6,698 515 
Refined 
δω uu u LT Zum usu uu 20 8 53 11 
/ uu ο ος em deme ne Swe 69 16 158 40 
απο μμ TEMERE EIER RR 857 68 685 140 
Vandyke brown .. _ _ _ _ 2c ~~ 319 51 139 147 
| ο κε κα —Tà mc ee 873 168 1,222 178 
ü ⁰³·¹wꝓ²· ũ . σας eee eee 1,638 307 2,85 516 
%%% ] πως ee ne EE 21,861 8,444 40,547 15,523 


IRON OXIDE PIGMENTS 67 9 
Table 8.—U.S. imports for consumption of iron oxide and iron hydroxide pigments, 
by country 
Natural Synthetic 
1975 1976 1975 1976 
Country - Quan- 
^ Value : Value I Value : Value 
ο (thou- (ned (thou- noi (thou- da (thou- 
tons) Sands tons) san tons) Pn tons) Su 
Austria 40 900 39 220 um 8 = ES 
nouum ρα 5 83 34 να 2 ΚΕ τς 153 $69 
zonae ae eres ect cite sh. he ae ESSE n TR ( n" ZE 
EE E S P us ENE 110 4 29 5 7,625 $1,611 11,792 2,831 
ο... People's Republic off 11 1 11 2 12 
FCC 4,134 309 6,761 402 -- NS = zz UN 
Fe MEN NR RR ERE CR 8 2 (3) 1 m M 16 
Germany, Wet 260 T58 714 148 11,858 5,712 21,169 10,716 
Indis nol 90 111 n xs EN cu tas n 
EEC 398 94 386 90 TM ΕΗ λα m 
JEDER eo n ec r72 32 36 20 942 596 5,078 1,039 
ue Republic ff 55 = = he Ex ΜΕ ΡΕ 
στ ο οκ ας Cr tus κα — 1607 210 845 299 
Netherlands EPOR καν. ee A EN ic eS μα. 69 36 
3 ολο iss s =: 20 7 SEN a 1 (3) 
South Africa, Republic cr 20 3 40 7 o EN He E 
ο να με 8 τος 1,102 136 51 10 38 11 
United Kingdom T251 55 417 104 780 302 1,881 504 
Total? |... 16,111 740 9,555 1,032 21, 867 8,444 40,547 15,523 
"Revised. 
1Less than 1/2 unit. 
*Data may not add to totals shown because of independent rounding. 
TECHNOLOGY 


Waterborne coatings were being used in- 
creasingly in industrial finishes because of 
greater economy in energy and air pollution 
control costs. Market studies indicated that 
nearly half of total industrial coatings will 
be waterborne by 1977; therefore, pigment 
manufacturers were conducting research 
into the use of their products in aqueous 
systems. Pfizer Inc. tested iron oxide pig- 
ments in some waterborne coatings systems 
and concluded that many synthetic and 
natural oxides were suitable for use in most 
aqueous primers and top coats.* 

In an effort to replace certain pigments 
containing lead, manufacturers tested com- 
binations of organic and inorganic pig- 
ments. One auto maker reportedly formu- 
lated a combination of iron oxide with 
quinacridone magenta which closely 
matched the molybdate orange pigment 
that had been used.“ Other manufacturers 
reportedly combined iron oxides with benzi- 
dine yellow to replace chrome yellow, and 
with pthalocyanine green to substitute 


for chrome green.“ 

The nontoxic nature of iron oxide pig- 
ments reportedly makes them suitable for 
use in the production of food and drug 
containers. Increased interest in the manu- 
facture of plastic beverage containers led to 
research in the use of transparent iron 
oxides for pigmentation. The oxides were 
demonstrated to offer the transparency of a 
dye plus the optical property of screening 
out harmful ultraviolet rays. Transparent 
red oxide produced the amber shade re- 
quired to prevent product deterioration in 
beer, medicine, and food oil bottles." 

In 1976, the University of Illinois at 
Urbana-Champaign, under a grant from 
Pfizer Inc., began research into possible 
uses for the waste from Pfizer's East St. 


SAmerican Paint & Coatings Journal. Iron Oxides and 
Extender Pigments for Aqueous Industrials μα at 
Houston Meeting. V. 54, No. 17, Apr. 26, 1976. p. 5 
. The Markets. V. 60, No. 38, Mar. 1, 1976 p. 24. 


10 The Markets V. 61, No. 4, Aug. 9, 1976, p. 24. 
p Marvuglio, P Ultraviolet Screening Properties of 
parent Pigments Aie Plastic Beverage and Packaging 
. Plastic Em Tech. 


Applications Presented a 
eeting, Atlantic City, NJ. Apr. 28, 1976, 
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Louis iron oxide pigment plant. Studies 
were made on the potential use of the waste 
material in ceramics, refractories, and soil 
conditioners for iron-deficient areas.“ 

Results of research on the sintering be- 
havior of certain iron oxides were published 
in 1976. Specifically, oxides derived from 
the calcination of a variety of iron salts and 
their aqueous solutions were studied. It was 
concluded that oxides prepared from aque- 
ous solutions absorbed more gases during 
sintering than those made from iron salt 
reagents. However, these oxides had the 
advantage of being more homogeneous 
within mixtures.!? 

A method was developed to produce an 
improved acicular iron oxide pigment for 
use in magnetic recording tape. The pig- 
ment optionally contained cobalt, nickel, 
and/or manganese. Improvement was re- 
portedly due to the addition of zinc ion and 
phosphate ion, each in concentrations of 
about 0.1% to 2% by weight, during precip- 
itation; this produced acicular iron hy- 
droxide crystals, free from dendritic 
growths. Reduction and reoxidation of the 
dendrite-free particles produced a magnetic 
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pigment with improved orientabili 

A Japanese producer of titanium dioxide 
developed a process for recovering sulfuric 
acid from plant wastes. The process features 
solvent extraction instead of conventional 
ammonia or calcium neutralizing treat- 
ments and generates a byproduct high- 
purity iron oxide suitable for use in pig- 
ments and ferrites." 

A paper, presented at the 1976 annual 
meeting of the American Ceramic Society, 
reviewed the history and development of 
the ferrite industry. Recent research and a 
bibliography were included. 


12Chemi oa} Engineering News. Concentrates. V. 54, No. 


6, Feb. 9, 1976. 
P. K. D. W. Johnson, Jr., and F. 
"a Effects of the nig ee and Calcination of Iron 


on Its Sintering Behavior. Ceramic Bulletin, v. 55, Na 6, 
June 1976, pp. 3. 
14Woditsch, P, G F. Hund, and V 


Pres. a 5 Co- 
ramic sgnetic Pes deag earo TA Ohio, δν ἃ 3, 
τίν 18 pp: Ceramic Bull No. 2, February 1977 


Iron and Steel 


By H. T. Reno: and D. H. Desy? 


In 1976, the world iron and steel industry 
had not completely recovered from the re- 
cession of 1975, although most countries 
produced as much or more steel than in 
1975. The European Communities (EC) and 
Japan showed increases of 6% and 5%, 
respectively, while the Eastern European 
countries registered an increase of 3%, and 
the People’s Republic of China showed a 6% 
decrease. 

The United States produced 128 million 
tons? of raw steel,‘ 10% more than in 1975, 
but 12% less than in 1974. Weekly steel 
production rose from 2,005,000 tons at the 
beginning of the year to a high of 2,759,000 
tons at the end of May before declining to 
2,000,000 tons by yearend. 

According to the American Iron and Steel 
Institute (AISD, the steel industry shipped 
89.4 million tons of steel products, 1296 
more than in 1975. Industry sectors receiv- 
ing the largest quantities of steel shipments 
were the automotive industry with 24% and 
Steel service centers and distributors with 
16%. Steel prices rose by an average of 
approximately 8.5% during the year. The 
United States imported 18.1 million tons 
and exported 3.7 million tons of steel in 
1976. 

Legislation and Government  Pro- 
grams.— Under the terms of the Trade Act 
of 1974, the U.S. International Trade Com- 
mission on January 16, 1976, reported to the 
President the results of an investigation of 
imports of stainless and alloy tool steel 
(specialty steel) The Commission deter- 
mined that bars, wire rods, plates, sheets, 
and strip of specialty steel were being im- 
ported into the United States in such in- 
creased quantities as to cause serious injury 
or a threat thereof to the domestic specialty 
steel industry. The Commission recom- 
mended that quotas be established for — 
products for a period of 5 years 
1976. The President first sought orderly 


marketing agreements with the principal 
countries involved and concluded an agree- 
ment with the Gevernment of Japan. Since 
agreements were not reached with other 
countries, import quotas were established 
effective June 14, 1976, for a period of 3 
years. Quotas were based on the annual 
average quantity or value of specialty steel 
imported during the period 1971-75.5 

On March 29, 1976, the Environmental 
Protection Agency (EPA) promulgated in- 
terim final effluent (water) limitations for 
forming, finishing, and specialty steel oper- 
ations in the iron and steel industry. These 
standards were developed on the average of 
the best performance of existing plants in 
the industry. Regulations for best available 
technology economically achievable and 
new source performance standards were 
proposed on the same date.* 

On October 6, 1976, the Office of the 
Special Representative for Trade Nego- 
tiations received a petition from the AISI 
alleging unfair trade practices by the Eu- 
ropean Coal and Steel Community (ECSC) 
and the Ministry of International Trade 
and Industry (MITT) of Japan resulting from 
a bilateral agreement between ECSC and 
MITI, which allegedly diverted significant 
quantities of Japanese steel exports to the 
United States. The complaint was filed 
pursuant to Section 301 of the Trade Act of 


ISupervisory physical scientist (now retired), Division of 
Ferrous Metals. 

Physical scientist, Division of Ferrous Metals. 

Tons in this chapter refer to short tons of 2,000 pounds. 

“The term raw steel, as used by American Iron and Steel 
Institute, includes ingota, castings, and continuously 
cast steel. It corresponds to the term crude steel as used by 
the United Nations. 

5Federal Register. Title 8—The President; Proclamation 
4445—Tempo ies Limitation on the Import- 
ation Into the of Certain Articles of Stain 
less Steel or Alloy Tool Steel V. 41, No. 116, June 15, 1916, 
pp. 24101-24105. 

Federal Register. Title 40— Protection of the Environ- 

ment; Chapter I—Environmental Protection Agenc Fan 
420—Iron and Steel Manufacturing Point Source Catego- 
x Effluent Guidelines and Standards. V. 41, No. 61, Mar. 
1976, pp.12990-13030. 
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1974. The Committee was considering the 
petition at yearend. 

The Occupational Safety and Health Ad- 
ministration (OSHA) of the Department of 
Labor issued standards for controlling expo- 
sure of steelworkers to cancer-causing emis- 
sions from coke ovens, effective January 20, 
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1977. The new rules call for limiting worker 
exposure around the ovens to 0.15 milli- 
gram of the benzene-soluble fraction of total 
particulate matter per cubic meter of air as 
determined for an 8-hour period. Engi- 
neering controls for emissions must be insti- 
tuted by January 20, 1980.7 


Table 1.—Salient iron and steel statistics 


(Thousand short tons) | 
1972 1973 1974 1975 1976 
United States: 
Pig iron: 
Production .. ...- - --- 88,876 7101,318 95,477 79,721 86,848 
Shipment 89,053 101, 628 95,941 79,240 86,693 
JJ —— — HI 15 15 101 58 

Imports for consumption .............-. -. -. -. -. .. 637 446 942 418 444 
Steel:! 

Production of raw steel: 

Carbon. ο y SN E 117,698 132,747 126,608 100,360 112,008 

m EE E EO T 1,564 1,889 2,150 1,111 1,684 

All other P Έτ Su 13,979 16 163 16,962 15,171 14,808 

/ ³˙¹¹¹¹A ³⁰ ůu2ñʃ 8 133,241 150,799 145,720 116,642 128,000 

Inden!!! sco 104.5 118.5 114.5 NA NA 

οτε pr utilization.·ñßaD NA NA NA 76.2 80.9 

Total shipments of steel mill 

acs 5 „ 91,805 111,430 109,472 79,957 89,447 
gp iron and stee 

ine — — EE „ 3,546 4,962 6,992 3,975 3,671 

r iron and stee 
Ὃ DAS ο πο οκ ος ώς δι... 18,158 15,608 16,746 12,488 13,096 
World production: 

WOR — o o ⅛˙Üw A A 4 500,000 552,000 *564,000 *§29,000 549,000 
Raw steel (ingots and castings) - - --- ------- 693,000 769,000 780,000 718, ,000 748,000 
FRevised. NA Not available. 

!American Iron and Steel Institute (AISD. 
*Based on average production in 1967 as 100. Not computed after 1974. 


Defined by AISI as the capability 
materials, fuels, and supplies; and d the ind 
current environmental and safety requirements. 


8 CO 


to produce raw steel ως 8 full order e based on the current availability of raw 
d facilities, recognizing 


ot computed before 1975. 


PRODUCTION AND SHIPMENTS OF PIG IRON 


Domestic production of pig iron totaled 
86.8 million tons in 1976, an increase of 7.1 
million tons or 9% more than that produced 
in 1975. Average production of pig iron per 
blast furnace day increased to 1,930.1 tons 
compared with 1,887.4 tons in 1975 and 
1,728.0 (revised) tons in 1974, according to 
AISI. A total of 119 furnaces were in blast 
at the beginning of the year. At yearend the 
total number in blast had decreased to 107, 
including 1 that produced ferroalloys which 
was relit during the year. There was a total 
of 196 blast furnaces at the beginning of the 
year and 198 at yearend, of which 7 were 
being relined and 1 rebuilt. 

Metalliferous Materials Consumed in 
Blast Furnaces.—For each ton of pig iron 
produced in 1976, an average of 1.660 tons of 


metalliferous materials was consumed in 
blast furnaces. Total net iron ore and ag- 
glomerates consumed in blast furnaces was 
136.8 million tons. The total tonnage of iron 
ore, including manganiferous ore, consum- 
ed by agglomerating plants at or near the 
blast furnaces in producing 36.7 million 
tons of agglomerates was 25.8 million tons. 
The remainder consisted of mill scale, flue 
dust, slag, coke breeze, limestone, dolomite, 
and small quantities of other materials. 
Domestic pellets charged to the blast fur- 
naces totaled 69.5 million tons, and sinter 
charged was 36.5 million tons. Pellets and 


Federal Title 29—Labor; Chapter XVII— 
Occupational ealth and Safety Administraion, τ πὰ 
ment of Labor; Part 1910—Occupational Health 4 and 
tandards. to Coke n Emissions. V. 41, No. 


25. ὃς Oct. 22, 1976, pn 46142-46190. 


IRON AND STEEL 


other agglomerates from foreign sources 
amounted to 15.2 million tons. 

Blast furnace oxygen consumption total- 
ed 26.9 billion cubic feet according to AISI, 
compared with 25.9 billion cubic feet in 1975 
and 25.8 billion cubic feet in 1974. 

Data reported to the Bureau of Mines by 
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the iron and steel industry showed that 
blast furnaces, through tuyere injection, 
consumed 9.7 billion cubic feet of natural 
gas, 8.1 billion cubic feet of coke oven gas, 
479 million gallons of oil, 152 million gal- 
lons of tar, pitch, and miscellaneous fuels, 
and 157,671 tons of bituminous coal in 1976. 


PRODUCTION AND SHIPMENTS OF STEEL 


The domestic steel industry produced 
128.0 million tons of raw steel in 1976, 10% 
more than the 116.6 million tons produced 
in 1975. Production in 1976 equaled 80.9% 
of industry raw steel production capability 
compared with 76.2% in 1975. Of the total, 
62.5% was produced by the basic oxygen 
process; 18.3%, by open-hearth furnaces; 
and 19.2%, by electric furnaces. Shipments 
of steel products for the year totaled 89.4 
million tons, 12% more than the 80 million 
tons shipped in 1975. 

Shipments to the automotive industry 
totaled 21.4 million tons, 40% higher than 
in 1975, and shipments to service centers 
were up 15%, to 14.6 million tons. Ship- 
ments to the oil and gas industries and to 
the construction market were down 15% 


and 8%, respectively. 

Materials Used in Steelmaking.—Metal- 
lic materials charged to domestic steel fur- 
naces in 1976, per ton of steel produced, 
averaged 1,280 pounds of pig iron, 993 
pounds of scrap, and 22 pounds of iron ore, 
including agglomerates. Revised figures for 
1975 were 1,278 pounds of pig iron, 996 
pounds of scrap, and 23 pounds of ore and 
agglomerates. 

According to AISI, steelmaking furnaces 
consumed 586,486 tons of fluorspar, 1.5 
million tons of limestone, 7.6 million tons of 
lime, and 1.3 million tons of other fluxes. 
Oxygen consumption in steelmaking totaled 
the equivalent of 196.3 billion cubic feet 
compared with 178.4 billion cubic feet in 
1975. 


CONSUMPTION OF PIG IRON 


Total pig iron consumed in 1976 was 87.0 
million tons. In steelmaking, basic oxygen 
converters consumed 66.1 million tons; open 
hearths, 15.4 million tons; and electric fur- 
naces, 0.4 million tons. In addition, 1.3 


million tons were used by iron foundries 
and miscellaneous users, principally for 
charging cupola furnaces. Also, 3.3 million 
tons was used in making ingot molds and 
other direct castings. 


PRICES 


Price increases totaling 12% on sheet and 
strip and 6% to 8% on other steel mill 
products went into effect during the year. 
Prices of tubular products and rails were 
raised 6% and 7%, respectively, effective 
May 1, followed by a 6% rise on sheet and 
Strip, effective June 14. Structural steel 
shapes and plate prices were raised 6% to 
8%, effective July 16. A proposed rise in 
price of 4.5% on sheet and strip, announced 
in August, to be effective October 1, was 
later canceled. The final price increase of 


the year was an additional 6% on sheet and 
strip, effective December 1. 

The composite price for pig iron, ac- 
cording to Iron Age magazine, remained 
throughout 1976 at $187.67 per ton where it 
had been since February 1975. The Iron Age 
finished steel composite price rose from 
13.693 cents per pound at the beginning of 
the year to 14.880 cents at yearend, for a 
yearly average price of 14.213 cents per 
pound. This was an 8.5% increase over 
average 1975 prices. 
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FOREIGN TRADE 


Exports amounted to 3.7 million tons in 
1976, 860 less than in 1975. The value of 
Steel exported totaled $2.46 billion resulting 
. in an unfavorable balance of trade of $1.67 

billion. 

In 1976, the United States imported 13.1 
million tons of iron and steel products 
valued at $4.13 billion, up 596 in tonnage 
but down 896 in value compared with 1975 


Japan supplied 56% of the total steel mill 


products imported; the EC supplied 22%; 
and Canada, 9%. Imports were up 37% from 
Japan, down 23% from the EC, and up 29% 
from Canada compared with 1975 imports. 
Japan supplied 57% of the carbon steel, 
4190 of the alloy steel, and 53% of the 
Stainless steel imported, and the EC sup- 
plied 2296 of the carbon steel, 2496 of the 
alloy steel, and 23% of the stainless steel. 
Canada supplied 2596 of the alloy steel, and 
Sweden, 10% of the stainless steel imports. 


WORLD REVIEW 


NORTH AMERICA 


Canada.—Canadian industry was slightly 
more active in 1976 than in 1975, but 
Canada's steel industry lagged behind the 
overall economy. Compared with 1975, raw 
Steel production increased 196 to 14.5 mil- 
lion tons. 

In December, Sidbec-Dosco Ltd. filed a 
formal complaint with the Canadian Gov- 
ernment, alleging dumping of Japanese hot- 
rolled angle bars. Other Canadian steel 
companies were expected to follow suit. 

In view of the depressed market, the Steel 
Co. of Canada delayed until 1980 the ex- 
pected completion of the first phase of its 
new steelmaking plant at Nanticoke, Ontar- 
io. Sidbec-Dosco Ltd. requested financial 
assistance from the Provincial Government. 

Mexico.—The Mexican steel industry 
continued an expansion program with the 
expectation of raising annual capacity to 
13.5 million tons by 1980, although some of 
the expansion projects fell slightly behind 
schedule. The newly built No. 2 steelworks 
of Altos Hornos de México S.A. (AHMSA) at 
Monclova in Coahuila was inaugurated by 
President Luis Echeverria on September 18, 
1976. This plant will increase the raw steel 
production capacity of AHMSA from 2.2 to 
4.1 million tons per year. The first stage of 
the $900 million steel plant Siderürgica 
Lázaro Cárdenas-Las Truchas (SICARTSA) 
was essentially completed by yearend. 

The Mexican steel industry experienced 
environmental problems similar to those of 
steel industries in the United States and 
Japan. The Fundidora steel mill at Monter- 
rey, Nuevo Leon, reported that it had spent 
an estimated 400 million pesos to decrease 
emission of air pollutants from 4 tons to 


about 4 pounds per day.* 

The Government steel research institute, 
Instituto Mexicano de Investigaciones Si- 
derurgicas (IMIS), established by official 
decree May 13, 1975, was organized during 
the year. Α board of directors and a Director 
General were appointed.* 


SOUTH AMERICA 


The annual meeting of the Latin Amer- 
ican Iron and Steel Institute (ILAFA) was 
held in Caracas, Venezuela, in October 
1976. Discussion of the future of the steel 
industry in South America was optimistic, 
but at the same time it was pointed out that 
there were still serious obstacles to growth. 
The most significant obstacle, according to 
several observers, was the lack of trained 
manpower, which overshadowed the limited 
supply of coal that was of concern in 1975. 
The Latin American iron and steel industry 
had a capital availability problem similar to 
that of the industries of the United States 
and European countries. Capital costs for 
new plant construction were reported to be 
similar to those in the United States, at 
approximately $1,000 per ton of raw steel 
capacity. There was general agreement, 
however, that there is no real reason why 
the Latin American iron and steel industry 
could not become a power in world steel 
trade. The ILAFA annual meeting was 
followed by a congress on basic oxygen 
steelmaking, part of ILAFA's long-term pro- 
gram to promote the industry in South 
America. 


U.S. Consulate, Monterrey, Mexico. State De ent 

A-23, Aug. 23, τά S T Pp.: and U.S. bassy, 

ra τ oe j Mexico. Sta Department Airgram A-246, 
t 


Mexico. State Department 
AE A- Enbse Mer 17, 1916, 8. Bom 
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Argentina.—The Argentine steel indus- 
try produced 2.65 million tons of raw steel 
in 1976 compared with 2.50 million tons 
produced in 1975. Acindar, Industria Argen- 
tina de Aceros S.A., the private Argentine 
Steel company that was authorized in Jan- 
uary 1975 to build a new steelworks at 
Villa Constitucion in the Province of Santa 
Fe, received a $70 million loan from the 
Inter-American Development Bank to help 
finance its expansion program. The plant 
wil include a Midrex direct-reduction 
plant, electric furnaces, and continuous 
casting equipment. An additional $20 mil- 
lion loan was obtained from the US. 
Export-Import Bank, mainly for the Midrex 
plant. The projected capacity of the plant 
will be 660,000 tons per year.’ 

La Cantábrica Sami y C, manufacturer of 
rolled steel products, contracted with a 
major Argentine engineering firm for a 
feasibility study to evaluate alternatives for 
improving its steel forming facilities." 

Bolivia.—The Government of Bolivia de- 
cided to install a $500 million iron and steel 
complex based on the Mután iron ore de- 
posit. The Mutüán complex will produce 
220,000 tons per year of low-carbon steel, 
using charcoal blast furnaces. Future plans 
call for an additional 660,000 tons per year 
of direct-reduced iron, using a natural gas 
process. In a related operation the Bolivi- 
an Government hydrocarbons company 
signed an agreement with the Government 
of Argentina to provide an additional 2 
million cubic meters (71 million cubic feet) 
of natural gas per year beginning in 1979. 
This brings the total contracted quantity to 
6.5 million cubic meters (230 million cubic 
feet) in 1979.1: 

Brazil.—The Brazilian steel industry op- 
erated at a relatively high level of activity, 
producing 11% more raw steel and 24% 
more direct-reduced iron than in 1975. 
However, expansion plans under the stage 2 
program were running about a year behind 
schedule at the Volta Redonda plant of Cia. 
Siderúrgica Nacional (CSN), and costs were 
substantially higher than previous esti- 
mates. Nevertheless, Brazilian officials af- 
firmed that stage 3 expansion would not be 
significantly affected and that construction 
would proceed about on schedule. The ex- 
pansion program apparently was being 
slowed by a shortage of skilled labor and 
late delivery of domestically produced 
equipment. 

The Brazilian company, Siderürgica Bra- 
sileira S.A. (SIDERBRAS), Kawasaki Steel 
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Corp. of Japan, and Finanziaria Siderürgica 
S.p.A. (FINSIDER) of Italy agreed to form a 
cooperative enterprise for construction of 
an integrated steelworks for the manu- 
facture of semifinished steel. Initial annual 
slab capacity will be 3.3 million tons. First 
phase equipment will include a blast fur- 
nace, basic oxygen furnaces, and a slabbing 
mill. 

Chile. — Expansion plans of Compañía de 
Acero del Pacífico, S.A. (CAP), the State- 
owned vertically integrated company that 
produces more than 90% of Chile's iron and 
Steel, were delayed because of the shortage 
of capital and losses in steelmaking oper- 
ations. 

Venezuela.—The Venezuelan iron and 
Steel industry apparently was less affected 
by the worldwide economic stagnation than 
that of any other South American country. 
Profits from the Venezuelan petroleum in- 
dustry permitted expansion of the national- 
ized steel industry about as planned, and 
the high level of economic activity enabled 
secondary industries in the private sector to 
expand operations. The only serious obsta- 
cle to steel industry growth was lack of 
trained manpower and the normal difficul- 
ties encountered in starting up new oper- 
ations. 

The Government was moving ahead rap- 
idly with its plan to install 16.5 million tons 
per year of steelmaking capacity by 1990 or 
soon thereafter. All of the integrat- 
ed steelmaking operations in 1976 were at 
the Government-owned plant of Corpo- 
racion Venezolana de Guayana-Siderurgica 
del Orinoco (CVG-SIDOR). To utilize the 
iron ore and natural gas resources of the 
Guayana region, Sidor chose the direct 
reduction-electric furnace route for its ex- 
pansion program. Initially two plants, one 
using the Midrex process with a capacity of 
390,500 tons and the other using the Hojala- 
ta y Lámina (HyL) process with a capacity 
of 396,000 tons, had been constructed. Be- 
fore operation of the two systems could be 
compared, pressure to complete the expan- 
sion plan caused Sidor to contract for plants 
from both firms. The HyL plant, to be built 
by Pullman-Swindell, will have three mod- 
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ules with a total production capacity of over 
2.2 million tons, and the Midrex plant, also 
with three modules, will have a capacity of 
1.4 million tons of sponge iron per year. 
Continuing its expansion plans, the Govern- 
ment approved construction of an iron and 
Steel plant in western Venezuela in the 
State of Zulia having a capacity of 5.5 
million tons of raw steel. The plant will be 
based on blast furnace-basic oxygen techno- 
logy. 

In the private sector, the National Steel 
Council approved eight new steel projects 
and recommended that four others be ap- 
proved without State-supported financing. 
One of the largest projects was the second 
and third stage expansion program of Si- 
derürgica Venezolana S.A. (SIVENSA) to 
raise steelmaking capacity to 440,000 tons 
per year. However, SIVENSA's expansion 
wil probably depend on operation of the 
Fior de Venezuela direct reduction plant 
which began operating toward the end of 
the year. When a steady supply of briquets 
from the Fior plant is available, SIVENSA 
is to add a second electric arc furnace, 
doubling its Guayana plant capacity to 
220,000 tons per year. The most significant 
development in the private sector was the 
start of operations at the Fior de Venezuela 
fluidized-bed direct reduction process plant. 
CVG owns one-third of Fior de Venezuela; 
SIVENSA and Lukens Steel Co. of the 
United States are minority stockholders. 


The steel industries of the Western Eu- 
ropean countries, whose business had been 
seriously damaged by the worldwide eco- 
nomic recession in 1975, recoverod slightly 
in the first part of 1976, but the recovery 
was short-lived. Increasing costs and dete- 
riorating domestic markets resulted in a 
depressed situation through most of the 


year. 

Members of the EC were most concerned 
with the economic condition of their steel 
industries. The EC Commission studied the 
steel industry problems throughout the 
year and late in November approved a 
program that contained provisions for im- 
proved analysis and monitoring of steel 
markets, improved information exchange 
between nations, voluntary production tar- 
gets, and minimum prices. It was deter- 
mined that it would be necessary to attempt 
to predict fluctuations in the steel market, 
and in order to do so, statistical data on 
production, consumption, stock levels, 
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employment, external trade, and utilization 
of capacity should be monitored more close- 
ly. Setting of minimum reference prices was 
included as a secondary measure if volun- 
tary quotas proved inadequate as price sup- 
ports. Toward the end of the year it was 
determined that a crisis situation existed, 
and the program, including voluntary quo- 
tas, was put into effect for a period of 4 
months, beginning January 1, 1977 .:* 

Early in the year, the national steel 
associations of Belgium-Luxembourg, the 
Netherlands, and the Federal Republic of 
Germany announced the formation of an 
international steel federation, to represent 
their interests before the EC. Later, an 
organization representing the steel produc- 
ers of the entire EC was founded, known as 
the European Confederation of Iron and 
Steel Industries (EUROFER). 

The Standing Commission on the Iron 
and Steel Industry of the Council for Mu- 
tual Economic Assistance (CMEA) of East- 
ern Europe reported that the CMEA coun- 
tries had agreed on technical and scientific 
cooperation on direct reduction of iron ores 
and agreed to set up a coordination center 
in Romania. The Council approved a long- 
term plan for operation of the international 
system of scientific and technical informa- 
tion on ferrous metallurgy.'* 

Belgium.—Belgium’s steel industry re- 
covered slightly from the low of 1975 and it 
operated at 70% to 75% of capacity. Bel- 
gium’s international trade in steel declined. 
Officials of Belgium’s steel industry partici- 
pated in discussions of the EC program and 
sought assistance in the Community. In 
addition, the industry was gradually insti- 
tuting rationalization of operations and pro- 
duct specialization. 

France.—The French steel industry re- 
covered slowly from the depressed state of 
1975. Operations returned to normal by 
April, with the resumption of full-time work 
schedules. However, normal operations did 
not continue, and in the last 2 months of the 
year the industry was forced to shorten the 
working time of approximately 50,000 steel 
workers. The industry experienced low 
worker productivity throughout the year, 
especially during the periods of shortened 
working time. Despite this depressed condi- 
tion, the ECSC loaned France another 
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$11.5 million for the Solmer steelworks at 
Fos-sur-mer west of Marseilles.:* 

Α new steel mill with an annual capacity 
of 3.5 million tons will be built by Société 
des Aciéries et Laminoirs de Lorraine 
(SACILOR) to replace an older mill at 
Sérémange in the Lorraine area. The mill is 
to have two 240-ton basic oxygen furnaces, 
with continuous slab casting. New coke 
ovens will be installed, and the blast fur- 
naces and hot rolling mills modernized.'* 

Germany, West.—The steel industry of 
West Germany fared slightly better than its 
European Community partners because of a 
lower inflation rate and improved indus- 
trial economy. However, its foreign trade in 
Steel mill products showed the effect of keen 
competition. Imports of steel mill preducts 
were up slightly while exports of these 
products were down about 1095 compared 
with exports in 1975. 

The EC Commission approved the acquisi- 
tion by Klóckner-Werke AG of the majority 
share of Eisenwerke-Gesellschaft Maximil- 
ianshütte m.b.H. of Sulzbach-Rosenberg. 
The combined steel group will be the fourth 
largest raw steel producer in West Ger- 
many after August Thyssen-Hütte AG, Est- 
el NV, and Fried. Krupp Hüttenwerke AG. 

Italy.—Italy experienced a monetary in- 
flation rate of about 16% during the year, 
and the lira continued to weaken in relation 
to the currency of Italy's trading partners. 
Among the difficulties faced by the steel 
industry were substantial increases in labor 
costs resulting from renegotiated labor con- 
tracts, and in raw material costs, partly as a 
result of devaluation of the lira. However, 
the industry was helped somewhat by heavy 
industrial buying of steel as a hedge against 
further inflation. The industry operated at 
less than 7096 of capacity during the year. 

Luxembourg.—The Luxembourg steel in- 
dustry, one of the most severely affected by 
the recession of 1975, showed no recovery in 
1976. Steel plants operated at 50% to 60% 
of capacity. Since steel represents 30% of 
gross national product and 95% of pro- 
duction is exported, the effect on the coun- 
trys economy and trade was severe. The 
two largest steelworks announced a re- 
duction from three to two shifts, affecting a 
total of 1,100 steelworkers. As a result, the 
usually harmonious relationship between 
the industry and labor was threatened.” 

Spain.—Stocks of steel in Spain increased 
by more than 1 million tons, and raw steel 
production was slightly below that of 1975. 
As a prerequisite for funding, the Spanish 
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Government apparently required that 
electric furnace steelmaking expansion in- 
clude provisions for a direct reduction oper- 
ation to lessen reliance on imported scrap.” 
There were two projects for direct reduc- 
tion of iron ore: One was to be located in 
northern Spain near the port of Bilbao with 
two modules having a total capacity esti- 
mated at between 1 and 1.2 million tons 
annually; and the other was to be located on 
the Bay of Algeciras in southern Spain with 
one module and production capacity of 
approximately 500,000 tons per year. Both 
projects will use gaseous reduction and 
were included in Spain's new concerted 
action program for the iron and steel in- 
dustry. They were planned for completion 
by December 31, 1980. 

Sweden.—A Government-sponsored fund 
for countercyclical stockpiling of steel was 
extended to the end of the year. Part of the 
increase in steelmakers' stocks was attrib- 
uted to this incentive program. The purpose 
of the plan was to maintain employment 
levels and to stockpile steel in anticipation 
of the next economic upturn. 

In the first of many reorganization moves 
that were being negotiated during the year 
among the country's specialty steel produc- 
ers, Uddeholms AB agreed to purchase 
the specialty steel operations of Stora 
Kopparbergs Bergslags AB effective Jan- 
uary 1, 1977. Uddeholms will take over 
Stora's main specialty mill at Sóderfors, 
while its rolling mill at Vikmanshytten is 
being negotiated for by Fagersta Bruks AB. 
Stora agreed with Granges AB to cease 
heavy plate production at Domnarvet and 
transfer it to Gränges’ Oxelösund works. 

The planned construction of a new steel- 
works at Lulea in northern Sweden (Steel- 
works 80) by the State-owned company Nor- 
bottens Járnwerk AB (NJA) was set back 
during the year. The Government first re- 
vised the planned capacity from 4.4 million 
to 2.75 million tons per year in March, and 
after the electoral defeat of the Socialist 
Government, which had sponsored the plan, 
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the future of the entire project was in doubt. 

United Kingdom.—The British Steel 
Corp. (BSC) reported a loss of $459 million 
for fiscal 1975-76, compared with a profit of 
$131 million attained in 1974-75. It produc- 
ed 18.9 million tons of raw steel, 17% less 
than in 1975. Finished steel deliveries were 
18.4 million tons, 16% less than in 1975. 
Employment was roduced by 8% to 210,200 
in the United Kingdom, and capital expend- 
itures amounted to $954 million, 4196 high- 
er than those of 1974-75. Under the modern- 
ization plan, new equipment and con- 
struction valued at over $360 million was 
commissioned during the year. The corpor- 
ation lost a portion of its home market to 
foreign competition, although its prices for 
most products were comparable to those 
prevailing in Europe. The ECSC loaned 
$300 million to BSC to finance moderniz- 
ation and expansion projects in the coal and 
Steel sector. These funds were used to fi- 
nance a major improvement program at 
BSC's Redcar-South Teeside complex. The 
planned expansion will make this complex 
one of the largest in the EC with a projected 
capacity of 5.5 million tons of raw steel per 
year. 

After more than 9 months of delay be- 
cause of a labor dispute with the National 
Union of Blastfurnacemen, the United 
Kingdom's largest blast furnace was lit on 
February 16, 1976, at the Llanwern works 
at Newport, Monmouthshire, Wales. The 
new furnace has a hearth diameter of 11.2 
meters (36.7 feet) an inner volume of 2,652 
cubic meters (93,620 cubic feet), and design 
production capacity of 5,500 tons per day. It 
is the first of the new generation of large 
blast furnaces being constructed under 
BSC's expansion plan. 

The fourth mini-steelworks in the United 
Kingdom was commissioned by Manchester 
Steel Co. (part of the Norwegian group, 
Elkem-Spigerverket A/S of Oslo), located 3 
miles from Manchester. The plant is 
equipped with a 50-ton electric arc furnace 
and a four-strand continuous casting 
machine to produce 90- to 115-millimeter 
(8.5- to 4.5-inch) square billets. Production 
capacity is 132,000 tons per year. A gas-fired 
scrap preheater is expected to increase pro- 
duction by about 10%. 

U.S.S.R.—One of the world’s largest blast 
furnaces at Krivoy Rog in the Ukraine was 
reported to be operating at half of its 
ultimate capacity of 4.4 million tons per 
year. Plans were proceeding for a second 
unit at the same site. A new medium-size 
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section rolling mill was installed at the 
Western Siberian Steel Plant, and a light 
section mill was added at the Nigne- 
Serginsky plant. 


AFRICA 


South Africa, Republic of.—The first 
stage of the Newcastle works of the Gov- 
ernment-owned South African Iron and 
Steel Industrial Corp. Ltd. (SCOR) was 
virtually completed during the year. Pre- 
sent annual production at this plant is 
825,000 tons of raw steel. This is expected to 
increase to 2 million tons when the new No. 
5 blast furnace is in production. Pig iron 
produced at the plant is transported by 
ladle car several miles to the basic oxygen 
shop, which consists of three 165-ton con- 
verters. The steel is continuously cast in 
three machines producing blooms of 315 by 
205 millimeters (12.4 by 8.1 inches). The 
blooms are rolled to billets and to bars, 
sections, and wire rod. The planned capaci- 
ty of the plant is 9 to 10 million tons per 
year. 

Expansion of the Newcastle plant was 
deferred in favor of expanding the capacity 
of the Vanderbijlpark plant. This plant now 
has a capacity of 3.6 million tons of raw 
steel and is scheduled to reach 4.4 million 
tons soon. Reportedly, the ISCOR minimum 
steelmaking capacity by 1980-83 will be 7.7 
million tons, as follows: Vanderbijlpark 
works, 4.4 million tons; Newcastle works, 
2.0 million tons; and Pretoria works, 1.3 
million tons.“ Plans for the construction of 
a plant for production of semifinished steel 
products at Saldanha Bay, near the iron ore 
terminal, have been deferred. 


ASIA 


China, People’s Republic of.—Infor- 
mation on the Chinese iron and steel indus- 
try continued to be scarce through 1976. 
However, the industry appears to have 
suffered a temporary setback probably 
mainly resulting from the recent severe 
earthquakes that affected coal and steel 
producing regions. China continued to im- 
port a considerable portion of its steel needs 
from Japan; however, the total for 1976 fell 
below the total of 4.4 million tons imported 
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in 1975. Purchases of special steels were to 
be negotiated separately. 

India.—In Indian fiscal year 1975-76 
(April 1-March 31) the average rate of 
capacity utilization was 84% compared with 
74% in 1974-75. However, the steady up- 
trend in production and increasing rate of 
utilization of capacity was not accompanied 
by the expected growth in demand.“ The 
high rate of production resulted in further 
accumulation of unsold stocks of both steel 
and pig iron to record amounts. Inability to 
sell in the domestic markets spurred a 
Sharp rise in iron and steel exports, al- 
though India continued to have a trade 
deficit in steel. 

Japan.—Japan's steel industry recovered 
slowly during 1976 from the recession of 
1975. Domestic sales and exports improved 
through the end of the summer but slumped 
toward the end of the year owing to adverse 
economic conditions at home and abroad. 
Pig iron production was about the same as 
that in 1975, but raw steel production rose 
about 596 to 118 million tons in 1976. Steel 
exports amounted to 41 million tons, a 2496 
increase over those of 1975. 

The first phase of operation of Nippon 
Kokan's Ogishima Works was initiated with 
the blowing in on November 12, 1976, of No. 
1 blast furnace. This furnace has an inner 
volume of 4,052 cubic meters (143,092 cubic 
feet). The Ogishima project, which was be- 
gun in 1969 as a replacement for the Keihin 
works, is located on a manmade island in 
Tokyo Bay, 1 3/4 miles from the mainland. 
The first stage will include coke ovens with 
dry quenching facilities, two 275-ton basic 
oxygen furnaces, continuous slab casting, 
and slabbing, billet, and plate mills. 

The No. 2 blast furnace at Nippon Steel's 
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Oita Works, which started operating on 
October 5, 1976, was reported to be the 
world's largest blast furnace, with an inner 
volume of 5,070 cubic meters (179,042 cubic 
feet), a hearth diameter of 14.8 meters (48.6 
feet), and an output of 13,200 tons per day. 

With the lighting of No. 3 blast furnace, 
having an internal volume of 5,050 cubic 
meters (178,336 cubic feet) the Kashima 
Works of Sumitomo Metal Industries Ltd. 
became Japan's fifth largest steelworks. 

Philippines.—Philippine officials consid- 
ered establishment of an integrated iron 
and steel industry to be completed in 1981 
at an estimated cost of $1.2 billion. 


OCEANIA 


Australia.—The possibility of  con- 
structing a large steel complex in Western 
Australia was stil being considered. A 
group of Australian, American, Japanese, 
and European firms continued the feasibili- 
ty study which began in 1974, but inflation 
and high construction costs delayed the 
project." The proposed plant would use 
Australian iron ore and coal and produce 
semifinished steel for final processing by 
individual participants. Three major sites in 
Western Australia were being considered: 
Moore River, Kwinana, and Port Hedland. 
As an alternative to a conventional steel 
plant, direct reduction of iron ore by natu- 
ral gas from the North West Shelf area was 
being considered. 

New Zealand.—New Zealand Steel Ltd. 
continued planning a large expansion pro- 
ject including establishment of hot and cold 
rolling facilities and a substantial increase 
in capacity, to raise production capacity to a 
minimum of 495,000 tons per year. 


TECHNOLOGY 


Studies on the application of nuclear 
energy to steelmaking were conducted in 
the principal steelmaking areas of the 
world: The United States, Japan, and West- 
ern Europe. No information was available 
on nuclear research in the centrally plan- 
ned economy countries. These studies were 
justified on the basis of conservation of 
natural resources such as metallurgical coal 
and other fossil fuels, as well as possible 
economic advantages. 

The first report of an AISI task force set 
up to make a technical and economic study 
of various nuclear steelmaking concepts 
was published.* All the concepts studied 
were based on direct reduction and electric 
arc-furnace steelmaking, in which iron ore 


is first reduced in the solid state to the 
metal with a hot reducing gas, and the 
metal then melted and refined in the 
electric arc furnace. The studies indicated 
that a steelmaking system using a nuclear- 
heated coal-gasification process to produce 
gas for direct reduction of iron ore could be 
competitive or even provide a slight eco- 
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nomic advantage over the present coke- 
oven, blast-furnace, basic oxygen furnace 
operation. The system studied in detail by 
the task force visualized a very high tem- 
perature reactor (VHTR), which would offer 
economic advantages over conventional 
methods of coal gasification only when built 
to a much larger scale than a conventional 
plant. Sharing of the gas output of a large 
VHTR between several steel or chemical 
plants would probably be necessary. It was 
concluded that in view of the uncertainty in 
the technology of the reactor, in cost esti- 
mates, and in the future availability and 
cost of various forms of energy, it would be 
desirable to conduct a research program on 
the VHTR. The task force recommended 
that the Energy Research and Development 
Administration (ERDA) finance such a pro- 
gram at the level of $3 to $5 million per 
year. 

In Japan, studies on nuclear steelmaking 
have been conducted since 1968, and in 
1973, a Government-supported consortium, 
Engineering Research Association of Nu- 
clear Steelmaking (ERANS), was formed to 
conduct a 6-year research and development 
project. This project was directed toward 
construction of an integrated nuclear steel- 
making plant utilizing a 50-megawatt 
VHTR to produce a reducing gas from 
petroleum refining residues. The hot gases 
from the reactor would be injected directly 
into a shaft furnace to directly reduce iron 
for use in electric furnace steelmaking.» 

European nuclear steelmaking research 
was coordinated by the European Nuclear 
Steelmaking Club (ENSEC), which was 
established in September 1973. The Club 
decided initially to pursue the concept of a 
steelworks separated from the nuclear 
reactor for generating reducing gases. It 
was concerned with a high-temperature nu- 
clear reactor to reform hydrocarbons to a 
reducing gas containing 96% hydrogen for 
use in blast furnaces, in direct reduction 
furnaces, and for other industrial uses. 
Nuclear research in the European countries 
apparently was guided by the widely diver- 
gent energy resources in Europe, which 
range from natural gas in the North Sea 
fields to lignite in Germany. A working 
party of ENSEC in 1976 was making a 
technical and economic assessment of the 
various possible total nuclear systems, iden- 
tifying those upon which future studies 
should be concentrated.“ 

Direct reduction research was slanted 
more to application and use of the directly 
reduced materials than it has been in the 
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past. An international seminar on utiliza- 
tion of prereduced materials in iron and 
steelmaking was held at Bucharest, Roma- 
nia, May 24-28, 1976. Forty-six papers from 
14 different countries were presented, but 
only part of the papers dealt with utiliza- 
tion. Those that did covered use of directly 
reduced materials in electric arc and in- 
duction furnaces to produce superior steels, 
in cupolas for iron castings, and in basic 
oxygen furnaces for cooling. Other papers 
dealt with (1) transportation and storage of 
directly reduced materials, (2) reoxidation 
and pyrophoric properties, (3) gases used for 
the reductant, (4) application of direct re- 
duction to lateritic ores containing chro- 
mium and nickel, and (5) the present status 
of direct reduction and its future impact on 
the iron and steel industries. (These papers 
are as yet unpublished.) 

A study of direct reduction plants in 
operation, under construction, or in plan- 
ning stages throughout the world indicated 
a capacity of 6.6 million tons per year in 
1976, rising to 25.5 million tons per year by 
1980. Of this capacity, 90% of the reduction 
would be by gas and 10% by solid fuels; 55% 
of the reduction would be in shaft furnaces, 
889 in retorts, 8.5% in rotary kilns, and 
3.5% in fluidized beds. 

A theoretical study to improve the blast 
furnace system based on blast furnace re- 
search over the last 25 years was 
published.** The basic parts of the proposed 
system reportedly had been tested in va- 
rious parts of the world, but a working unit 
had yet to be built. The improved system 
would utilize regulated reducing gas in- 
jected above the melting zone of the furnace 
so that all of the iron oxide would be 
reduced at the lower temperatures in the 
upper zone of the furnace. About half the 
amount of coke per ton of iron produced 
would be required compared with that need- 
ed in the conventional blast furnace, and 
injection of natural gas or oil would not be 
required. The roducing gas would be genera- 
ted in a gas converter from noncoking coal, 
oil-contaminated mill scale, limestone, basic 
oxygen furnace and blast furnace top gases 
and dust residues, moisture, air, and oxy- 
p cost savings of 10% were esti- 
mated. 
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Bureau of Mines Research.—Bureau of 
Mines Report of Investigations 8147, Steel 
From Urban Waste, described a series of 
steel heats made by Bureau researchers in a 
1-ton arc furnace from ferrous scrap obtain- 
ed from incinerated refuse, as-received steel 
cans, and detinned steel cans, both alone 
and blended with heavy melting scrap. The 
steel products were cast into ingots and 
rolled into reinforcing bars. Tensile and 
bending tests indicated that reinforcing 
bars of acceptable quality can be made from 
urban refuse components such as steel 
cans. The researchers recommended that 
municipal waste processing systems be de- 
signed to avoid excessive oxidation or con- 
tamination of the ferrous products and to 
provide for detinning and a or frag- 
mentation prior to charging to a steel- 


making furnace. 
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A study conducted for the Bureau of 
Mines by Battelle Columbus Laboratories 
based on 1973 data indicated that the ener- 
gy requirement for production of steel slabs 
was 24 million British thermal units (Btu) 
per ton, or a total energy requirement for 
U.S. steel slab consumption of 3,350 trillion 
Btu. The energy requirements for gray iron 
castings were 34 million Btu per ton and 
366 trillion Btu total, and for steel castings, 
42 million Btu per ton and 54 trillion Btu 
total.“ 


Hunter, W. L. Steel From Urban Waste. Bu Mines RI 
8147, 1976, 16 pp. 

“Battelle Columbus Laboratories. Energy Use Patterns 
in Metallurgical and Non-Metallic Mineral 
(Phase 4 Energy Data and Flowsheete, Hi -Priority Com- 
modities.) BuMines Open File Rep. 80-75, June 2j, 1975, 
181 pp.; available from National T ormation 
Service, .S. Department of Commerce, Springfield, Va. 
22151, PB 245 759. 


Table 2.—Pig iron produced and shipped in the United States, in 1976, by State 
(Thousand short tons and thousand dollars) 


Shi from furnaces Average 

ni „Pro  _Shipped from furnaces Averea 

uction Quantity Value per ton 
111̃̃ ul L uuu a ⁰ iiu o 3,297 3,276 603,459 $184.21 
III ee dvd eee wee peels. 6,429 6,437 1,119,757 173.96 
r ee i Sy d Rae ed 17,439 17,461 3,273,07 187.45 
BI0.2 t E ENE L ⁵³ es 15,762 15,666 2,856,009 182.31 
Pennsylvania ο !!!...... ³ . 8 007 17,984 8,159,082 175.66 
California, Maryland, Texas, West Virginia ------------ $472 3462 LHT356 18467 

Kent est Virginia ; ; 747, k 
ο... d N I JJ eM t πλ σος ,986 7,385 1,289,209 174.57 

l ³omwAſ uD Sum d ee 4,362 4,330 807,088 186. 
Otel ¹˙“˙ ] ²ũ̃ ́ n:: ³˙ m—êãa n.. ee 86.848 86,693 15,529,934 179.14 


Table 3.— Foreign iron ore and mangani- 
ferous iron ore consumed in manufacturing 
pig iron in the United States, by source of ore 


(Thousand short tons) 

Source 1975! ! 19163 
Australia 841 715 
Brazlllll —------ 2,581 2,546 
CanadaAaa - - -- -- - -. -. 754 . 993 
Chile —— — nes 635 505 
Peru____ . 15 10 
Venezuela 2,936 3,081 
Other countries 397 900 

Total _ 9,159 8,750 


"Revised. 
IExcludes 15,497,000 tons used in making agglomerates. 
2Excludes 16,883,000 tons used in making agglomerates. 
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Table 4.—Pig iron shipped from blast furnaces in the United States, by grade’ 
(Thousand short tons and thousand dollars) 


1975 1976 

Grade —. —— 

Average Average 

Total per ton Total per ton 
Foundry __ 6, 1,180,694 $168.79 s ,636 $186.17 
Basie 70,072 1 060 172.18 75,550 13, 464,631 178.22 
Bessemerrr‚ -. -. -. -. 1,005 176,254 175.88 1,119 210,923 188.49 
Low-phosphorus ...... -.... - - - -... 108 1 179.61 102 18,902 185.31 

Mera νο σοι 998 163,010 163.34 1,208 222,9 

All other (not ferroalloys) ) _ _ _ _ 363 ᾽ 146.26 331 51,888 156.76 
Total ες ο ο u u T zS 19,240 13, 606, 610 171.71 86,698 15, 529,934 179.14 


Includes pig iron transferred directly to steel furnaces at same site. 


Table 5.—Number of blast furnaces (including ferroalloy blast furnaces) 


in the United States, by State 
Jan. 1, 1976 Jan. 1, 1977 
State In Out of In Out of 
blast blast Total blast blast Total 
Alabami ĩ ο αλα A reis 7 2 9 7 2 9 
California 3 1 4 3 1 4 
Colorado 4 -ν 4 3 1 4 
incor Meet um 2 te αν προ σας 9 10 19 8 11 19 
Indiana ͥ ⁰A nnn A es se 19 8 27 16 11 27 
Kentucky ...........---.------------------------------. 2 = 2 2 n 2 
— — νιν 
chigan _________________________ 
Minnesota M 2 2 NN "M c. 
New York __ ~~ ---.-. -. .. 5 6 11 5 6 11 
Ohó ³· uz es ĩͤͤ ͤ K MS 24 15 39 21 18 39 
Pennsylvaniniaasass S S 25 25 50 22 21 49 
dioc. ET TEXTE T 1 1 2 2 He 2 
PP!!! S 2 1 8 8 S 8 
West Virginie 8 1 4 8 1 4 
TOtál . et 222 119 76 195 106 86 192 
Ferroalloy blast furnaces . ------------«- EN 1 1 1 -- 1 
Grand total. 119 ΤΊ 196 101 86 198 


Source: American Iron and Steel Institute. 
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Table 7.—Steel production in the United States, by type of furnace! 


(Thousand short tons) 
Basic 
Year Open hearth oxygen Electric Total 
converter 
1ͤÜͤ ́10— aha ³ SN 8 34.936 14,584 23,121 183,241 
!öÄõĩ˙ê ! ˙¼ .:... ð v M ο 39, 780 83, 260 27,759 150,799 
11ͤĩÜẽ³ßĩũ⸗ũẽ ꝙqmĩ A μα ñð ß yt é 35,499 81,552 : 145,720 
1öĩõð¹Ü2³doeUodf0ßfßfß0ß mt ο a λα ορ Ts E 22,161 71,801 22,680 116,642 
196 b oe a ctas tA y 88 23,410 19 918 24,612 128,000 


1Excludes castings produced by foundries not covered by AISI. 
Source: American Iron and Steel Institute. 


Table 8.—Metalliferous materials consumed in steel furnaces' in the United States 


(Thousand short tons) 
Iron 
Year — ͤ— —— w n, i 
Domestic Foreign Domestic Foreign oys? scrap 
ο AE 236 850 401 192 183,045 1,655 r67,505 
TAW 163 1.320 656 243 794,398 1.907 716,852 
1914 8 158 1,126 212 302 790,031 1.950 της 329 
1912.2 Su ωρα. 92 515 553 189 774,518 1,450 T58,071 
/.. ·˙·¹» ( 66 593 584 195 81,926 1,495 68, 


"Revised. 

1Basic oxygen converter, open-hearth, and electric furnace. 

Consumed in integrated steel plants only. 

Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal, ferrosilicon, ferrochromium, and 
ferromolybdenum. y 


Table 9.—Consumption of pig iron in the United States, by type of furnace or other use 


Ñ 1974 1975 1976 
Type rnace — ——n—n  — T — —ñ— MÀ 
or other use Thousand Percent Thousand Percent Thousand Percent 
short tons of total short tons of total short tons of total 
Basic oxygen converter 66,614 68.8 59,210 74.8 66,138 76.0 
n hearth _ _ _ ---- 22,507 23.3 14, 18.3 15,410 17.7 
, _ scs 1,220 1.3 1,019 1.3 638 7 
Cupola --—-------------- 2,128 2.2 1,362 1.7 1,197 1.4 
Air and other furnace 632 6 483 6 406 5 
Direct casting 3,696 3.8 8,010 9.8 8,255 8.7 
TOG) ner REESE 96,792 100.0 79,638 100.0 387,045 100.0 


!Includes vacuum melting furnaces and miscellaneous melting processes. 
made directly from blast furnace hot metal. Includes ingot molds and stools. 
*Data do not add to total shown because of independent rounding. 


IRON AND STEEL 
Table 10.—Consumption of pig iron! 
in the United States, by State 
(Thousand short tons) 
State 1976 
Alabama ______________________ 9,125 
Arkan sass 
California 2,053 
Connecticut 10 
οι i-e κκ... 

IEE ———— eim 6, 
DM ³ð»OQAĩoð¹ A 17,419 
δω ος A yy. 8 
Kentuckͤõĩꝶꝓꝝõũœᷓꝰꝶ 44» „ „„ 1.731 
J;ö;§˙ ̃ͤ]¹tͤu . 8 (2) 
Maryland .........------------ 4,166 
Massachusetts“ 1 
Mien e 7,680 
Minnesota 
Missouri _________ ~~~ ~~ _______ 11 
NevadaPͥ‚ 
New Hampshire 2 
New Jersey 7 
New York __________-_________ 4,148 
North Carolina 
ONG νε δε ] - E z 15.490 
Oklahoma ___ _ _ _ _ - -..-.-.-.-. 

eS EE es ee E 4 
Pennsylvania __ _ _ 18,212 
Rhode Island _________~_________ 3 
Tennesse 49 
Tori ποιο ο οσο ας 164 
Uih se μα r ee ee 1,584 
μοι ο uu ee et 
Washi μπω ee een 
West Virginia __ - - - ------------—- 2,190 
Wisconsin |. _ 222- 
Undistributed? __________________ 1,049 

TOtal nouum ας ωσως 87,045 


!Includes molten pig iron used for ingot molds and 
casti 


rect ings. 
3 eas than 1/2 unit. 
3Includes Colorado, Florida, and South Carolina. 


di 
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Table 12.—U.S. imports for consumption of pig iron, by country 


1974 1975 1976 
Count Quantity Value Quantity Value Quantity Value 
"n (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Algeria — _ eeec 6,079 $1,881 us E οσο == 
Australian 1,449 184 17,545 $3,038 19,188 $2,858 
Belgium- Luxembourg . s 111 26 ἘΠ = 
Brésil]. u p us 22h Su ESAE -- e 25,232 2,011 137,582 10,846 
Canada ............-...-----.-.-----------.------ 288,955 82,568 224,379 35,393 241,636 83,791 
Colombian 7,752 966 1,981 269 m -- 
Czechoslovakia 9 =: ct e T 
i αν ο ος άρα ος ο 142 28 ME er -- κας 
Germany, Wet a EE 5,592 899 M NUN 
)!! 8 17,367 2,133 652 9 
§;——9eͥ1 . ¾ . iru E us ue 104,085 12,575 27,149 1,578 
Norway |... „ ee um 5,512 7 Sa 
Sweden:: 8.298 989 1 8,411 8,455 1,018 
United Kingdom 11,911 2,180 5,816 1,028 9,672 1,061 


(κ. E eee ay 342,348 41,088 478,106 69,316 444,282 51,142 
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Table 14.— Pig iron: World production, by country 


(Thousand short tons) 
Country? 1974 1975 19165 
North America: 
ο τομ ß πα ο rei μα 10,386 10,086 10,803 
México! n ³ ˙ ́&lllT n 13,536 8,265 8,889 
United States 95,477 79,721 86,848 
South America: 
Arent iaaa 11.177 1,144 1,454 
Bran. νι ð DC LA LL n 16,411 7,114 8,853 
l ³Üäw 8 569 459 445 
Colombii slo ³·¹ew ⁰o:m¼ i i los 297 323 815 
JJ ⁵] T 88 334 832 246 
%%%  — o 0 hoo nomeo Lider ree eC ei 600 589 471 
pe: 
AUMIE D sm Se 8,795 3,368 8,658 
ο ²⁰” ρα ute 8 14,352 9,996 10,875 
JJ aah tagcat Sacha ⁰yy atin yates ; 1,663 1,716 
Czechoslovakia __ _ - - --------------------------—-—-— 79,719 10,200 10,411 
λαο ο n c eeu nct πολ o xr E : 1,495 1,456 
Frane PPP 24,235 ,569 
Germany, East 2,518 2,707 2,787 
Germany, West __ - nh k 43,853 32,853 84,765 
777 ĩð οι OCHO HEC HP DOR RE s 551 595 
ö ⁵³ðO See u suu Sa al 2,524 2,446 2,448 
öõöÜͤ ]ĩ][ ] ꝗ a ge CUN oe RON HDI ee 12,881 12,512 12,821 
FCC ²˙ a eee 76,028 4 4,140 
Netherland LL LLL LLL 444445 τ5 996 4,316 4,102 
NOFWBV. — d ͤ.çe; d ö 714 71 
f ⁰o id ⁰⁰ yd lcu c CE 8,437 8,381 8,721 
Portugal p ñ LR 308 
BRomahla-. d eae Ease LL E E 6,703 1,271 8,157 
r tt 77,610 7,544 1,829 
%% ¹ꝛͥ ο ] ⁰ med ee ts Se ee LE ees 13, 505 3,854 8,460 
SwiGsrHald ˙ͤ—üJ :: mʃx1 . cues eet 39 39 
CPC eeu ctu Ec Lu ώς 108,992 112,390 115,086 
United Kingdom -------------------------------- 715,560 13,600 15,448 
SY UO LVN ο ο c . d ee ida 2,944 2,205 2,114 
€ Ale i 305 440 501 
Fl eco ee μα Ui a Da fia M 1144 πιο. 
Egypt . ⁵ðiſ/dſddſ/d́ͤf ß 8 303 463 621 
ROCCO eoe ue ne ώς μον μα 8 11 18 “13 
Rhodesia, Southern? ___ h 830 340 840 
South Africa, Republic ofßßß 4444 5,094 5.707 6,390 
Tonna om ⁵ ĩð : èͤ : . 8 160 163 119 
caine: People's Republic of? 5 33,000 35,000 33,000 
e's // EE ĩͤ A μμ : i Ἷ 
India E s id nn 88 8,093 9,243 10,329 
)).! ο το λος ο ιδ ha ree 71,100 1,100 1,100 
ο μμ μοι οκ ασ dE 144 T44 44 
Japan Uo oou mule ce ͥ⁰ꝗqym. ⁰yd ee ee 99,690 95,765 95,434 
Korea, North? cau et eee ees 8,100 3,200 3,800 
Korea, Republic μα ακομα μμ οκ ο κοκ 1 088 1 „308 2,136 
Malysia" o en oue Leer I ee eee cL e 190 200 210 
TAIWAN. ue. ο μπω e cmd Sus 123 74 116 
p cec PEE T19 14 19 
Turkiy £o nn μα eee La a 8 71,462 1,498 1,680 
Oceania: 
Australis. n ru eec kk. h t US cu eT 7,992 8,240 8,176 
New Zealand „„ „„ 140 220 
Tol πανω ——— e ee 1564, 188 1528, 861 549,298 


Table excludes all ferroalloy production except where otherwise noted. 

3In addition to the countries listed, Vietnam and Zaire have facilities to produce pig iron and have produced 
limited quantities during 1974-1977, but output is not reported and available general information is inadequate to permit 
formulation of reliable estimates of output levels. 

3Includes sponge iron output as follows in thousand short tons: Mexico: 1974—'996; 1975—"1,007; 1976—1,229; Sweden: 
1974—217; 1975— 193; 1976—206; New Zealand, total figure for all years. 

*May include blast furnace ferroalloys. 

Includes ferroalloys. 
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Table 15.—Raw steel: World production by country 


(Thousand short tons) 
Country* 1974 1975 19165 
North and Central America: 
/ μμ ³· ⁰⁰· ⁰⁰m:m ct het REA E DeL E 15,017 14,357 14,480 
ος a ac TSS os Mia ad D . Ίνκα 265 265 215 
El Salvador _________________________ ss 11 12 *12 
% ³Ü0'?Ws ³·¹w¹ ⁰ ¹-w- ww a he ad 5,663 5,812 5,840 
United Stats 145,720 116,642 128,000 
South America: 
Argentina —-----——------------—----- e E Lr 2,595 2,500 2,651 
Brazil* v EEAS E ⁵ðVU0ſſ ³¾ σι οι ENE AN a ae rece το 275 9,158 10,135 
Chile ος ih ͥͥͥͥym y y 700 531 
le hm 367 397 
e ß UR RE 496 476 385 
))/)/%%/CbCõöõö0C0ö0— : 16 18 17 
Venezuela ~- 1,166 1,185 1,033 
C1171 ολες ya T... ³ĩ2Ws 8 5,179 4, 4,935 
Peil... te es e ecu ees : 12,778 13,392 
ö ù ⁰ÜüwüAAAAA ³Ü 2M Lec y 2,412 2,4 2,112 
CzechoslovakiKaKKkK˖. ee 15,086 15,789 16,196 
1111Üi ˙¹wũ c ĩð -k ee acl 90 616 
do c n . y km LEE E πο ὃς 1,825 1,784 1,812 
France — Áo Locus LM UM t A να 29,788 23,133 : 
Germany, East ...............-.---.---...-.-.-.--------.-.-......-.-... 6,796 7,135 7,430 
Germany, Westtttti˖ietii«4«énk' ͥ - 58,678 ; 46,154 
ΓΈ , Βα ὦ 
Ireland ³ĩ˙ - y Sa Q EE ree 121 
!; ³Ü˙Ü_ꝛ ⁵. ο Ma eue 26,238 24,010 25,845 
Γυχοτπιδουτξ....-.-.-.---------------.-.-----.-----.-.-.-------.-.---.-.-.-.-. -. 7,108 5,098 5,033 
Netherlands .— ———— uL mme 16,412 5,289 5,701 
ꝙ%%%%00Äöù.Ü]⁰ðꝰà¹b¹d·'.................d 86 | 1,054 1,000 990 
Poland 5 ο enu e eR EN te E ede 716,045 16,542 17,240 
Portugal -= . . e uctus 421 11 
Románià ß e eS 19,753 10,526 11.905 
/ onde nemen LN W E s 712.647 1 12,024 
JJJJüüãö⁰ͥõöĩ0hb0ͤĩͤĩè' ii ð ß ĩͤ ß e Bc g: 6,602 6,186 5,666 
Switzerland oio  ] s s er O ers 654 601 
USSR d ĩ c e T150,141 155,784 159,620 
United Kingdoõunununununi i. n 24,120 24,55 
Yugoslavið ß . 8,126 8,215 8,032 
Africa: 
;%»•² uc LC y y ων 1275 332 *385 
j — —Ó——— e —— — © F440 384 504 
/ ˙ð¹¹5ĩ?¹. eee eee ee 8 τρ T6 6 
Rhodesia, Southerrn nus 300 330 330 
South Africa, Republic ooů ff 16,354 7,163 7, 807 
isi WI 145 143 113 
Uganda: .-zemcecntuveuces rues E uid 8 13 17 13 
Asia: 
Bangladesh ___________________________--______- T89 107 96 
B uma Jßl 145 145 45 
China, People’s Republic affe 30,000 32,000 30, 000 
Hong , RA i e E 80 80 
Didi —— πώ Su v cn tue c 77,518 7,801 10,429 
nos ⁵ ³ ⁰ 8 88 110 110 
μμ μμ ακομα καν 1625 607 772 
laol L u c o===ßmk dd e S r 3 80 
Japan le ff y y 129, 115 112,780 118,387 
Korea, North®_____________________~__ 3,000 8,200 8,300 
Korea, ΒορυὈ|ἱεοί...........-.---.-.---------------------------------.-------- 2,133 2,215 2,974 
1õͤ§;wñ w x 88 17 17 11 
e . ß ρκασςς, 7202 215 220 
Philippines" mL top ] MM ( 8 24 216 2 
S ο οι ο EE NN a Jes ta 
Nen ))) ⁰v0ꝗ m.. mt 8 628 573 658 
G)GJ(JGGJJGh˖UU!!!!;; : yy ß 88 243 180 
Turkey d e Li PE 1,608 1,607 1,601 
Oceania: 
A μμ μμ μα ο μασ κ RES MS 8,548 8,645 8,569 
New Zealand —— ß S S s s 214 204 210 
TOtal un, αν ο ον κο ³ ³⁵ y 8 7780,432 r712 556 748,492 


1Steel formed in first solid state after melting, suitable for further processing or sale. 

3In addition to the countries listed, Vietnam produces steel, but output is not reported and available general 
information is inadequate to permit formulation of reliable estimates of output levels. 

SData from American Iron and Steel Institute (AISD. Excludes steel produced by foundries not reporting output to 
AISI but reported to Bureau of the Census as follows (in thousand short tons): 1974—2,091; 1975— 1,937; 1976—1,804. 
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Iron and Steel Scrap 


By K. W. Palmer! 


Reflecting the general improvement in 
the economy, domestic consumption of iron 
and steel scrap in 1976 increased 9% com- 
pared with that of 1975. Net receipts of 
scrap by users were 1396 above those for 
1975, while yearend stocks increased 1496 to 
10 million tons.* 

January's consumption (close to the 6.9- 
million-ton monthly average for 1975) was 
followed by an increase to 8.4 million tons 
in May. Consumption then fell irregularly 
to the year's low of 6.7 million tons in 
December. 

Reported consumption of direct-reduced 
iron (prereduced iron ore), used as a scrap 
substitute by some of the smaller steelworks 
and foundries was 351,000 tons, about 32% 
less than in 1975. The decline was mainly 
due to the relatively low prices for ferrous 
scrap in 1976. 

U.S. exports of scrap were 17% less than 
in 1975, reflecting the depressed condition 
of the world steel market. For the first time, 
shredded scrap was the principal grade 
exported. 

The domestic scrap industry continued to 


seek lower rail freight rates. Pending re- 
sults of an investigation of rate structures 
by the Interstate Commerce Commission 
(ICO), the scrap industry was temporarily 
exempted from a 496 increase in freight 
rates authorized at yearend for other com- 
modities. 

Research was continued by the Bureau of 
Mines on treatment of urban waste and 
junk automobiles for scrap recovery with 
the eventual aim of recycling as much as 
feasible. 

Legislation and Government  Pro- 
grams.—Public Law 94-210 (Railroad Revi- 
talization and Regulatory Reform Act of 
1976) became effective in February 1976. 
The law charged the ICC to investigate 
within 12 months the railroads’ ‘rate 
Structure and its effect on the ultimate 
usage of “recyclable or recycled materials 
and competing virgin natural resource 
materials." The ICC on its own initiative 
started such an investigation in 1978 under 


!Physical scientist, Division of Ferrous Metals. 
2All tonnages are in short tons unless otherwise noted. 


Table 1.—Salient iron and steel scrap and pig iron statistics in the United States 
(Thousand short tons and thousand dollars) 


Scrap at consumer plants 


Imports for consumption: 
Scrap (includes tinplate and terneplate scrap) - 


Pig iron at consumer and supplier plants _ _ 


1975 1976 - 
"-—— — 8,766 988 
) 1,485 1,519 
!!!... θες 10,201 11,507 
NRI eee 82,881 89,910 
οφ μας pe ee NAE 79,688 87,045 
eee 9,442 7.877 
...᾽----᾽--- $162,916 $601,826 
οι -- ο... 305 507 
JJ ο... $25,250 $35,120 
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Ex-Parte 270-6 which was completed in 
March 1976. The ICC rejected the ferrous 
scrap industry's allegations of rate discrim- 
ination by the railroads, stating that scrap 
and iron ore are “in almost all cases comple- 
mentary and not competitive." At yearend 
the report required by Public Law 94-210, 
due by February 5, 1977, was being assem- 
bled. 

On December 22 the ICC granted a 496 
increase in freight rates to the Nation's 
railroads but temporarily exempted the re- 
cycling industry. The new rates were to be 
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in effect not earlier than January 7, 1977. 

On October 20 the President signed into 
law an act authorizing a 6-month study by 
the Department of the Treasury in coopera- 
tion with the Environmental Protection 
Agency (EPA) on tax incentives for recy- 
cling waste materials. The Department was 
to study tax provisions which "currently 
impede or discourage the recycling of solid 
waste materials" as well as to determine 
what actions Congress may take under the 
internal revenue laws to increase and en- 
courage the recycling of solid waste mate- 
rials. 


AVAILABLE SUPPLY 


The new supply of iron and steel scrap, 
available for consumption at consumers' 
plants in 1976, totaled 91.4 million tons. It 
consisted of 50 million tons of home scrap 


and 41.4 million tons of purchased scrap 
(net receipts) These quantities were both 
11% higher than those of 1975. 


CONSUMPTION 


Consumption of iron and steel scrap in 
1976 was 89.9 million tons, or 9% more than 
in 1975. Manufacturers of pig iron, steel 
ingots, and castings consumed 68.4 million 
tons (76%); iron foundries and miscel- 
laneous users consumed 18.6 million tons 
(21%); and steel foundries consumed the 


remainder. 

The proportion of shredded scrap con- 
sumed domestically or exported declined 
from 6.3% to 5.8% of total scrap consump- 
tion. Ohio consumers accounted for 17% of 
total consumption of shredded scrap, follow- 
ed by Illinois (15%) and Michigan (11%). 


STOCKS 


Consumers’ stocks reported on hand as of 
December 31, 1976, totaled 10 million tons 
or 14% more than those at yearend 1975. 
The increase resulted from a slow climb in 


stocks until June, after which the raw steel 
production rate dropped and stocks of scrap 
accumulated more rapidly. Yearend stocks 
were the highest since 1959. 


PRICES 


At approximately $70 per long ton, the 
composite price for steel scrap at the end of 
1976 was almost the same as that at the 
beginning of the year. The Iron Age weekly 
composite price for No. 1 heavy melting 
scrap rose from $68.17 per long ton on 
January 2 to a 1976 high in early April of 
$94.83, then declined irregularly to a low of 


$62.83 on November 1, recovering to $70.17 
at yearend. This resulted in an average 
annual price for No. 1 heavy melting scrap 
of $77.79, 8% above the average price of 
$71.86 for 1975. These price trends were 
reflected in prices of other grades of ferrous 
scrap. 
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FOREIGN TRADE 


Exports of iron and steel scrap, excluding 
rerolling material and vessels for scrapping, 
amounted to 7.9 million tons in 1976, 16% 
less than the 9.4 million tons exported in 
1975. The decline reflected the depressed 
condition of the steel industries of the major 
scrap importing countries with the excep- 
tion of the Republic of Korea. 

Spain replaced Japan as the largest im- 
porter of U.S. scrap, taking 28% of the total 
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in 1976. Japan was the second largest im- 
porter, receiving 15%, the lowest tonnage 
received since 1958. The third largest im- 
porter was the Republic of Korea, with 12%, 
followed by Canada with 1196. 

For the first time, shredded and frag- 
mentized steel scrap (27% of total exports) 
replaced No. 1 heavy melting steel scrap 
(2696 of scrap exports) as the leading export 
grade. 


STEEL 
PRODUCTION 


PIG IRON 
CONSUMPTION 


HOME SCRAP 
_ PRODUCED 


~ oT 


NET RECEIPTS 
OF SCRAP 


1975 1980 


Figure 1.—Steel production (AISI), total iron and steel scrap consumption, pig iron 
consumption, home scrap production, and net scrap receipts. 
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WORLD REVIEW 


Apparent world consumption of ferrous 
scrap in 1976, as estimated from data avail- 
able for the principal consuming countries, 
appeared to increase about 696 compared 
with apparent consumption in 1975. The 
increase was approximately proportional to 
the rise in world output of raw steel. The 
United States remained the largest export- 


Country 


*Estimate. NA Not available. 
1Rounded to nearest 500,000 tons. 
Including consumption in foundries, 


er of iron and steel scrap to world markets 
in 1976, while Italy was the leading im- 
perter. 

Preliminary statistics on apparent con- 
sumption and prices of ferrous scrap in the 
principal consuming countries in 1976 are 
summarized below. 


Iron and steel scrap 
Raw steel 55 
(million. umption’ a aon price 
short tons) (million Uars per 
short tons) long ton)* 
162.0 93.5 NA 
128.0 90.0 $77.79 
118.5 42.0 99.50 
47.0 19.5 
*28.5 *5.0 NA 
26.0 16.0 64.10 
25.5 11.0 71.60 
25.0 17.5 60.46 
17.5 5115 ΝΑ 
16.0 8.0 NA 
14.6 8.0 SEE 
18.5 5.0 *80.00 
12.0 8.0 59.50 
634.0 835.0 ΝῊ 


for the People's Republic of China. 


except 
*Grade of scrap approximately equivalent to U.S. No. 1 heavy melting. 


* Average of high and low figures. 


1976. International Iron and Steel 
tion (BIR), (Brussels). on the 


Institute (ISD. World ‘Steel i in 
national markets, April 1977. of W D. C. communication). Economic ission 
or (ECE) Steel Committee. Sumitomo Shoji communication). 


Relationships between apparent con- 
sumption of scrap and production of raw 
Steel continued to differ rather widely from 
country to country because of differences in 
metallurgical practice, magnitude of found- 
ry consumption, availability of scrap, and 
other factors. For example, relatively large 
proportions of the raw steel output of Italy 
and Spain were produced from scrap in 
electric furnaces, whereas steel produced in 
France and Japan was made largely in 
converters using hot metal and relatively 
low proportions of scrap. Foundry consump- 
tion of scrap in the United States and the 
United Kingdom was proportionately larger 
than in most other countries. Consumption 
of scrap in the U.S.S.R. appeared to be 
relatively low, partly because of the exten- 
sive use of pig iron in open-hearth furnaces. 

In world trade, France exported 3 million 
tons of scrap in 1976 and was the leading 
exporter outside of the United States. Net 
exports of scrap by West Germany and the 


U.S.S.R. amounted to about 1 million tons 
each. Imports of scrap by Italy totaled 5.9 
million tons, with France being the largest 
supplier. Spain imported 2.9 million tons 
and Japan 2 million tons with 68% to 64% 
in each country coming from the United 
States. The United Kingdom, which had 
been a small net exporter of scrap in 1974 
and 1975, became a net importer in 1976 
with 507,000 tons imported from the United 
States. 

Japanese imports of ferrous scrap in 1976 
dropped to the lowest level since the 1950's. 
Japanese steel production, which was well 
below capacity in 1976, had started to 
decline in the first half of 1975, but imports 
of scrap were not reduced appreciably until 
November of that year. Consequently, there 
was an accumulation of scrap stocks which 
depressed demand for scrap imports in 1976. 
This was also the first year since the early 
1950's that Japan was not the leading im- 
porter of scrap from the United States. 
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In other developments, the British Steel 
Corp. (BSC) continued its policy of designat- 
ing less than 20 British firms as direct 
suppliers of scrap to the corporation. This 
policy aroused much criticism from the 
British Scrap Federation (BSF), the major- 
ity of whose members were not allowed to 
deal directly with BSC. Since most BSF 
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members were not large- volume dealers and 
could not take advantage of potential econ- 
omies of scale, the drop in average scrap 
prices in the United Kingdom (from $76.70 
per short ton in 1974 to $54.00 per short ton 
in 1916) resulted in financial difficulties for 
many of these firms. 


TECHNOLOGY 


Many orders for automobile shredders 
were placed prior to 1975 when the market 
outlook for scrap was more favorable. This 
resulted in long lead times for delivery so 
that, despite a generally weak scrap market 
in 1976, the number of shredders installed 
rose to 157 by yearend and resulted in over 
capacity. Shredded scrap consumed do- 
mestically or exported in 1976 totaled 5.2 
million tons or 0.596 more than in 1975. 

In the scrap-handling equipment field, a 
motor puller for automobile hulks that 
would fit most front-end loaders has been 
developed. There was also a trend in equip- 
ment purchases during 1976 toward smaller 
balers and larger shears, but no noticeable 
trend was noted in size of shredders. 

At the beginning of 1976, only one scrap 
dealer operated a hot briquetter for borings 
and turnings. During the year, two more 
briquetters came onstream. Four additional 
hot briquetters were planned or ordered by 
other companies during the year.* 

Toll arrangements for briquetting other 
companies' scrap were reported in 1976; 
these have been rare in the ferrous scrap 
trade. À few small steel mills were install- 
ing scrap processing equipment such as 
shredders and briquetters. 

A study by A. T. Kearney Inc., a Chicago 
consulting firm under contract to the Bu- 
reau of Mines, estimated U.S. geographical 
distribution of newly available ferrous 
scrap supply and demand from 1975 
through 1985. The study indicated that the 
net balance between the total supply of 
newly available ferrous scrap and total 
domestic demand for consumption would be 
positive, although small, for all but 2 years; 
these 2 years would have a small negative 
balance. Another study contracted for by 
the Bureau of Mines in 1975 for a period of 2 
years was concerned with the identification 


of legal and regulatory barriers to the 
expanded use of secondary ferrous and non- 
ferrous metals. It was to be completed and a 
report issued by mid-1977. 

Several resource recovery facilities to 
separate ferrous scrap from refuse came 
onstream in 1976. By yearend there were 
nine operational facilities with a total ref- 
use processing capacity of 8,570 tons per 
day. In addition, seven facilities with a total 
processing capacity of 8,950 tons per day 
were under construction. 

At the Bureau of Mines Salt Lake City 
Metallurgy Research Center, research was 
continued to develop or improve methods 
for reclaiming plastics or vinyl-free combus- 
tible materials from shredded junk auto- 
mobile rejects, and to recover and separate 
nonferrous metals and nonmetals contained 
in such rejects. Late-model cars were 
dismantled to determine the amounts and 
types of construction materials present and 
to ascertain the plastics content of the cars. 

At the Bureau's Twin Cities Metallurgy 
Research Center, ferrous scrap from raw 
refuse was successfully used as 60% of the 
charge in a basic-lined cupola, with shred- 
ded automobile scrap as the remainder of 
the charge. Tests prior to 1976 were made 
with a maximum of 35% scrap from raw 
refuse. Cupola tests were also conducted 
using 2596 to 10096 direct-reduced iron pel- 
lets with automobile scrap as the remainder 
of the charge and 25% to 50% direct- 
reduced pellets with raw refuse scrap as the 
rest of the charge. 


. Exclusive Surrey of Automobile Shredding. 


*Scrap 
V. 5, No. 8, h 1977, p. 
ο Mai ο 


cal Distri- 
Bere Nes 19 81888 
pp; a 
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Table 3.— U.S. consumer receipts, production, consumption, shipments, and stocks of pig 
iron and direct-reduced iron in 1976 


(Thousand short tons) 
: Produc- Consump- Ship- Stocks 
Receipts tion tion ments Dec. 81 
MANUFACTURERS OF PIG IRON AND STEEL 
INGOTS AND CASTINGS 
Pig OU μμ y SL 5,522 86,849 84,214 8,064 1,881 
. MANUFACTURERS OF STEEL CASTINGS 
Pig pon S ĩði id yt 8 46 -- 46 (3) 1 
IRON FOUNDRIES AND MISCELLANEOUS USERS 
JJ ': 8 2,770 ΚΞ 2,185 18 181 
TOTAL—ALL TYPES OF MANUFACTURERS 
Jö ⁰ Sy Eo lc eee 8,938 86,849 87,045 8,077 1,519 
Direct-reduced or prereduced iron ds 851 4 
W Withheld to avoid disclosing individual company confidential data. 
!Less than 1/2 unit. 


Table 4.—Consumption of iron and steel scrap and pig iron in the United States in 1976, 
by type of consumer and type of furnace, or other use 


(Thousand short tons) 
Manufacturers of Manufac- M. 
abd — m of steel ries and all types! 
Type of furnace : miscella- 
or other use castings castings neous users 
Scrap iron Serap irn ΠΡ jron Serap iron 
Blast furnace*___________ d "ET "tm ΚΕ κως a ET 
Basic oxygen process? 26 1 mer ΠΗ ΕΞ: μα ; 
-hearth furnace 12,251 15,405 87 6 ve ον 12,887 15,410 
furnace 25,099 883 2,618 85 4,590 1 
Cupola furnace 405 194 127 1 12,808 1,002 13,341 1,197 
(including air 
„F 776 357 24 4 1,235 2,085 406 
Direct casting μα 1,736 SR ΗΕ x 1,519 E 3,255 
Total!!! 68,421 84,214 2,851 46 18,632 2,185 89,910 87,045 


Table 5.—Proportion of iron and steel 
scrap and pig iron used in furnaces in 1976 


in the United States 
(Percent) 
Type of furnace Scrap Pig 
ο η a τοσο v ον 
ectric furnace... LLL _ .. -.. 98.1 1.9 
Cu furnace 91.8 8.2 
(including air furnace _ _ _ _ _ 88.4 16.6 
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Table 7.—Consumption of iron and steel scrap and pig iron! by State and region, by type 


of manufacturer in 1976 
(Thousand short tons) 
steel ingots Steel castings and miscella- Total® 
State and region and castings neous users 
Scrap iron Scrap iron Serap iron Serap iron 
New England and Middle 
Atlantic: 
chusetts, New Hempehire, 
ew 
New Jersey, New York, 
Rhode Island, Vermont 2,071 8,853 151 4 1,117 840 8,940 4,197 
Pennsylvania 15,164 17,611 836 16 799 585 16,299 18,212 
Total? . ........ 17,235 21,464 481 20 1,917 925 19,638 22,409 
North Central 
Illinois 7,002 6,202 418 1 1,780 832 9,151 6,585 
C 9,363 17,302 210 1 882 116 455 17,419 
Nebraska, Kansas, 

i το νε ου 6,580 7,260 891 2 6,223 495 18,194 1,151 
Ohio 11.356 14.922 250 13 2,909 555 14,516 15,490 
Wisconsin . _ - es e 215 1 979 68 1254 

Total“ 34.301 45,688 1,544 17 12,724 1.587 48, 569 47,269 
South Atlantic: . 
Delaware, Florida, 
North Caro- 
ος wat Virginia 5,644 6,884 66 1 781 120 6,491 7,005 
South Central: m I , , 
Arkansas, Ken- 
, Louisiana, Missis- 
sippi, Oklahoma, Ten- 
Texas__________ 6,688 5,523 888 3 2,492 151 9,518 5,677 
Mountain and Pacific: 
i California, Colo- 
rado, Montana, Nevada, 
9 Utah, Wash- 
33 E E 4,610 4,657 365 5 718 23 5,694 4,684 
US. total? . . ......- 68,421 84,214 2,851 46 18,632 2,785 89,910 87,045 


Includes molten pig iron used for ingot molds and direct castings. 


Data may not add to totals shown because of independent rounding. 
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Table 8.—Consumer stocks of iron and steel scrap, by grade, and pig iron, Dec. 31, 1976, 


by State and region 
(Thousand short tons) 
Carbon 
All Cast Other 
: Total Pig 
State and region (excludes "steel 3 (includes “of serap, uon 
rails) ) boringe) scrap 
New and Middle 
Atlan 
Massa- 
cs = Ham 
shire, New Jersey, New 
York, 
ermont _ — 567 15 19 172 9 788 180 
Pennsylvania 1,848 89 180 896 1,916 298 
Total! 1.915 54 149 568 12 2,698 478 
North Central 
Illinois __ 1,055 9 6 75 (3) 1,145 26 
— 756 8 52 878 12 1,255 62 
Michigan, Iowa, Minnesota, 
Nebraska, Kansas, Mis- 
sour 10 1 180 68 1,094 45 
Ohio 1.051 8 56 186 8 1,804 520 
Wisconsin ____________ _ 25 1 (9) 11 (3) 88 8 
τοι. -------—- 8,721 81 116 825 143 4,887 661 
South Atlantic: 
Dela Florida, 
Maryland, North Caro- 
sin praes Vi 5 463 7 10 82 2 562 46 
%%% ( V SSS 
Arkansas, Ken- 
essee, Texas __________ 1,045 1 26 179 21 1,271 800 
Mountain and Pacific: l 
Arizo ο- 
8 
(ncc το τα E 509 2 7 98 2 619 88 
US. total? `. . . 1,652 95 808 1,752 180 9,988 1,519 
Data may not add to totals shown because of independent rounding. 
3Less than 1/2 unit. 
Table 9.—Average monthly price and composite price for No. 1 heavy melting scrap in 
1976 
(Per long ton) 

Month Chicago Pittsburgh Philadelphia Composite price! 
Januar $13.15 $14.50 $68.25 2.16 
February „ E E ENE 75.75 80.00 78.50 97306 
Maren 89.90 87.10 90.10 89.08 
— et det 98.75 91.00 90.50 91.75 

τος ον E COLOURS 85.25 83.00 83.00 88.75 
GUNG ----------ᾱ-------ώτς 86.90 84.70 81.90 84.50 
JUS on ll cula E 89.50 88.00 84.50 87.88 
— 5 3 ΒΒ 1 
October_.________________ 61.75 66.50 63.15 64.00 
November 64.1 64.70 62.50 63.71 
December 61.00 78.00 67.75 69.25 

Average 1976 _________ 78.07 78.85 76.47 77.79 
Average 197585 71.42 70.20 73.97 71.86 
*Estimate. 


"Revised. 
Composite price, Chicago, Pittsburgh, and Philadelphia. 
Source: Iron Age, Jan. 8, 1977. 


IRON AND STEEL SCRAP 715 


Table 10.—U.S. exports and imports for consumption of iron and steel scrap, by class 
(Thousand short tons and thousand dollars) 


1972 1918 1974 1975 1976 
un" c στο heh 
e Ir Value Jer Value Quan Value Quan- vare Quan- value 
No. 1 hea 
melting” 
coor as == 2,289 19,246 8780 207,143 2505 262,810 2,766 288,784 2,068 150,821 
ο vy 
ting 
under 766 23,200 1,107 52,817 84,826 1,102 706 46,047 
No. 1 bundles 180 6,112 1 18 8, 120 9,574 95 7,728 
No. 2 bundles 623 1.221 49,421 1904 99,652 1.159 1 845 48,144 
m ec f === 48 11,679 49 16,781 85 15,851 66 21,63 112 52516 
scrap ο... 1,468 48.186 2,098 118,188 1,999 225,990 2,406 206, 691 2,179 164,922 
ings, and 
turnings ... 58 10,761 521 16,352 544 35,404 597 29,721 644 38,889 
. gerap? ___ 597 21,562 1,102 657,528 463 40,814 726 68,565 760 66.809 
Iron scrap .. 499 18,026 605 29,721 626 50,869 500 34,767 414 33,996 
Total 7,177 23,95 10,874 570,011 8,497 823, 720 9,442 762,976 7,811 601,826 
Ships, boats, 
and 
vessels (for 
scrapping) = 299 9,009 156 8,056 827 83,140 40 1,742 50 2,280 
materal zc 201 10,218 982 28,489 199 25,025 160 16,266 241 82,652 


Total 7,688 252,617 11,412 606,556 9,028 881,885 9,642 780,984 8,168 686,758 


uc 295 14.804 887 18,716 188 26,166 298 24,464 496 34,524. 
17 481 12 984 18 861 


Tinplate scrap 12 186 11 596 
Total 312 14.741 349 19,100 201 27,027 805 25, 250 507 35, 120 


Includes terneplate and tinplate. 
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Table 11.—U.S. exports of iron and steel scrap, by country 
(Thousand short tons and thousand dollars) 


1972 1978 1974 1975 1976 
Country Quan- Quan- Quan- Quan- Quan- 
tity Value tity Value tity Value tity Value tity Value 
pa FC 281 7,851 261 18,840 148 16,189 932 29,110 TT 5,746 
um-Luxembourg ... 8 585 (3) 106 16 1,818 9 38,008 
PR PN 61 2,174 21 8,821 j 4 
Canada ____________ Y 811 27,097 940 873 44,616 889 48,140 
ατομα... ο 2 d$ 28 i9 12408 R 120 — M LE 
8 EN BN 
Egypt |... -.------- — -- Sa 8 15 1.611 2,660 41 2,820 
ο Na O μα 3$ om 14 oU n UA m 272 
FF 168 187 9,429 113 12,702 161 12,964 222 17,415 
Hong Kong 7 1 277 23 8³ 1 889 
F ees FER (3) 6 27 2,857 15 1,184 89 1,242 
Italy 717 858 23,966 485 618 57, 634 57,489 
DQ... L L L L LD 71,809 4, 2,980 2, 198,884 1,256 98,115 
Korea, Republic off 880 18,086 789 42,429 680 76,754 762 61,842 911 61,561 
πμ μα πιο ση 22,901 1,009 56, 890 72,432 1,269 108,208 571 44,541 
New Zealand ________ 19 42 2,479 17 2,189 18 1,599 18 1,488 
FFF 221 3766 1 348 387 26,951 75 6.744 
Mus ο 14 3 c — ἢ 2.167 67 e 2 id 
Singapore 971 15 1,179 te κο 81 5,761 (ὦ) 4 
Spann 721 21,452 1,127 58,197 896 89,696 1,709 181,600 1,862 186,098 
Sweden .......---- 1 2171 5,138 
Taiwan 419 14,028 672 89,527 491 44, 264 24,168 249 22,068 
ακομα 85 1 8,408 8,811 8,076 18 1,497 
DENT ο εστι C 125 4,511 124 7,212 51 6 89 | 159 18,461 
United Kingdom 25 1,029 142 9,208 117 14442 78 9,878 507 43, 
Venezuela __________ 284 1,784 16 8,802 17,679 72 4,626 20 1 
Yugoslavia |... a= 5 T" zl = = c 87 3,258 28 1,909 
Other 43 1,145 18 1,600 49 5,149 81 "4,998 61 8,728 
Total 7,177 238395 10,874 570,011 8,497 823,720 9,442 762,976 7,877 601,826 
"Revised. 
119909 than 1/2 unit. 


a. Bangladesh: 1972, 14,781 short tons ($521,810); 1974, "15,853 short tons *($1,951,756); 1975, 56,862 short tons 


Table 12.—U.S. exports of rerolling material (scrap), by country 
(Thousand short tons and thousand dollars) 


1972 1918 1974 1975 1976 
Country Quan- Quan- Quan- Quan- - 
tity Value tity Value Value tity Value tity Value 
Argentina 2 — UU — TN -- 12 1,055 11 930 
Canada 2 118 1 7 485 408 1 196 
China, People's 
Republic of "M zc 7 485 1 85 =š ae NN as 
Germany, West -— ο» =: ἘΝ = TT Td de 2 560 
Italy ..........-.... "e m 2 168 BN EN e αν ES = 
Japan 1 789 16 182 Le a = ai 
Korea, Republic of 78 8,491 118 7,014 81 10,504 29 8,189 44 11,098 
Merico 35 ; 43 47 5,269 40 4, 24 2,464 
Ninia. — = ES x: = Z wee . ee 7 1,177 
istan ...---- 24 1,047 8 422 4 617 4 402 8 278 
Spain _ _ 5 819 6 E 17 1 7 599 
Taiwan 20 951 149 12,712 57 7.712 89 8,478 56 5,485 
Thailand ..... 15 654 28 2,641 i -- 18 1,518 76 8,426 
Turkey 9 533 4 (3) 40 (1) 61 4 541 
Venezuela ____ 8 200 8 210 its ME ΓΝ I A ee 
Other 4 228 8 841 1 181 1 196 7 948 
Total! 207 10, 213 882 28,489 199 25,025 160 16,266 241 22,652 


!Less than 1/2 unit. 
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Table 13.—U.S. exports of ships, boats, and other vessels for scrapping 
(Thousand short tons and thousand dollars) 


1972 1973 1914 1975 1976 
Country Quan- Quan- : i — 
Hity Value Sem Value TE Value Quar Value TEP Value 
"n 36 583 2 260 26 1,414 15 406 4 108 
Germany, West b - 8 257 18 700 (1) (1) (1) 
Japan 74 SN ¿sos - Eos -- -- x c 
Korea, Republic of M ἈΝ 9 370 44 5,826 7 287 181 
5 —— MA 1 132 (1) ΚΝΕ Me (3) 
Notherlands __ _ _ _ _ MN ΜΗΝ () 40 2 NM (3) 1 > 12. 
Spain 3 146 8901 1,002 93 8824 10 426 253 
wan 112 4,445 114 5994 139 15,539 617 40 1,948 
Other P en (1) 1 12 814 (1) 55 (1) 40 
Total 299 9,009 158 3,056 327 39,140 40 1.742 50 2.280 
!Less than 1/2 unit. 
Table 14.—U.S. imports for consumption of iron and steel scrap, by country 
1975 1976 
Country Quanti Value Quantity Value 
(short uL (thousands) (short tons) (thousands) 
Australia 27 $15 285 $19 
Bahamas D ο ͤ K b 200 did 412 
um-Luxembourg = cus Qui am ms, map UN Im c di en 
NEN ο ον κ... 235,263 18,935 423,240 32,105 
— —— 5 Í : κ 
H ii .........΄΄-.ο----ᾱ--. 528 11 846 9 
VVV 2197 110 950 35 
Pl memes 56,438 5,233 9,159 431 
Leeward and Windward Islands 50 5 ae cm 
Liberia πό E 2 1 
Mexico _.___________________ 963 158 6,952 4 
Μα EROR τα τε νο... Eh — | 155 
icaragua .........-..΄------.-----------.-.-.-.-.. — = 
Sweden __ do ys 9 7 88,887 
RUMEN uc er ZL T L Ta 878 63 ME Mes 
United Kingdom ^. % C ae $91 215 302 705 
nived RAmn duo 
κ ο ο... 190 17 728 124 
/ Se ss 2905,859 25,250 2507,165 35,120 
ILess than 1/2 unit. 
*Includes tinplate. 
Table 15.—Iron and steel scrap consumption in selected countries! 
(Thousand short tons) 
1974 1975 1976 
European Economic Community: 
Be J στο ð2 y EPI Ra ee 5,429 4,091 4,082 
. 10,340 8,807 Ene 
Germany, Wet 28,195 495 ,268 
Ireland. ! 4132 x 7 
ταν nennt occ ( ĩ e 12008 15028 Eu 
Netherlands )))) 8 11,748 1.957 
United Kingdom: 18,690 17,526 714,051 
S ee ˙·’ͤ¹ww i es 784.018 771,437 70,158 


See footnotes at end of table. 
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Table 15.—Iron and steel scrap consumption in selected countries! —Continued 


(Thousand short tons) 
1974 1975 1916 
European Free Trade Association: 
Nou o ο ο ο ος ον ᾱς O6 ast K^ 
Portugal _.____________________________________ 399 35172 284 
Sweden? ` U l J l. d πο 4,119 8,780 59.640 
Petal m ——————— ee eee Se 71,3900 16,451 6,509 
Other European market economy countries: 
Word D see Ry che qM Me iM ĩͤ 8 782 761 
c —ÁÁ"'-———————— 8 8,229 67 209 97,110 
Tr.... ο μασ Ei Uu LEE 1,796 1,883 1,747 
Total: nu ß D Ia 710,807 19,859 9,551 
European centrally planned economy countries: 
Czechoslovakia? $* _~__________ 44424 7,626 7,886 8,088 
Germany, East? Se 4,836 4,852 5,117 
H /n ⁵ ↄ ) ³ Ä 8 2,288 2,892 2,420 
Poland c; u ⅛˙ At-. ee eee 8 9,080 *9,870 10,852 
Romania? #5%°*® h—  ὮὪ.................-.--------- 8,810 8,580 8,600 
CCC ³¹AwꝛmiAAAA ³⁰¹.1 AA ee eee 51,656 51,806 51,900 
το Snc cu LA ĩ¾² AL gH M d ert 18,196 79,886 81,477 
Latin America:5 12 
Argenti l u. u loea Maud uL é 1,953 1,758 «1 
7ö»ö%Ü ⅛˙⅛m-! y a 8 rg 979 4, “4100 
Chie emt cR 250 185 
οσα υμών 88 1856 248 *175 
e . xac οκ ads τ 445 8,663 59.100 
Pad: ου TL I wu 174 192 $110 
VeDESUSIN J . ee 626 581 *550 
ον o u 2 E mt 8 "32 44 *40 
τοι | c e ch cue eee 110,644 10,711 10,795 
Other countries: 
Canada TSE -o um ³˙’—oä TL A oi LE. 7,842 7,444 7,181 
India" hol τς ο κο ee ² km S SA OPE NEN 141,680 *1,980 1,930 
—— % ³¹1ꝑꝑ q ꝙſ/ ¶ uL A 8 50,867 37,714 42,135 
South Africa, Hopablic oA 3733 SE E EAA 2,690 2,980 pres 
————— —— € X ß 8 702 τ 6660 
United States? ο renun ο s 8 105,483 82,881 99,109 
%C1;ͥ;ê⁵ð1; ] A LU AC ντι 7169, 28.4 133,109 154,845 
Grand total _____—------------------------——— r860,829 r811,408 332,830 
IUe ctor wies oed. figures of s the of ferroall 
n represent consumption in pig iron, steel, 
foundry products and steel, as well as in other uses the steel , and by other ( 
industries. Also, ise noted, are from United Nations 1 q^ 5 
Bulletin of Steel Statistics for Europe. V. IV, 1976. New York, 1977, p. 97. 
udes scrap consumed in rerolling 
—— scrap consumed in E .. 8 
consumed wi steel other than manufacture of pig iron, 
crude — — mg all PE 


for Economic Cooperation and Development, The Iron and Steel Industry in 1975. Paris, 1916, 


"P British Steel Corporation, , International Steel Statistics, the United Kingdom, 1976, 43 pp. 
Following United Nations practice, Yugoslavia has been included with other market economy countries of Western 


13Excludes scrap used in production of pig iron. 

77! of steal Dy νο ο κ «κια 

, Data for 1974-1975 from Latin American Iron end Steel Institu 77 of Steelmaking and Iron Ore 
in Latin America, 1975. Santiago, Chile, 1976, 198 pp. Figures for 1976 are U.S. Bureau of Mines tes. 

13Includes Uruguay plus other unspecified countries in Central America, as reported in source. 

V British Steel Corporation. International Steel Statistics, India, 1974, 57 pp. 


IRON AND STEEL SCRAP 719 


Table 16.—Iron and steel scrap exports by selected countries! 


(Thousand short tons) 
1974 1975 1976 
European Economic Community: : 
Belgium-Lurembourn ggg 800 586 581 
Denmark. ͥ ] ]˙ͤé—¾ ˙⁰˙²dũmCũ a ĩ E 1 100 128 
Εν c ο κος κα Ue MERI DA 4,107 8,097 8,7112 
Germany, West —.—— ud uocum uet Ae το 482 
Dold 2. L ZZ ae A i E 18 9 
(^ 1L 2 zL ος ντ τον ae y AMA UN τοσα 12 20 
N landi παμπ AS ed T AE 1,298 1,082 1,055 
United Kingdoeoeoe nnn 843 1,010 
To -scu es i ei er e UA 9,517 8,272 9,094 
European Free Trade Association 
V . 4 3 
n ee ουσ 
Portugal ß oro ος es 2 2 6 
Sweden -M 12 12 10 
Switzerland _________________________ csocc 129 129 TT 
Total* z. ooo uolo Tu mmm 198 221 168 
Other European market economy countries:3 
Finland ³¹.¹ • ²˙-.-. ͤ-ͤ =-=k S l 3 ) l 10 6 4 
εν οι μι πμ ĩ p ωμά 2 Ska (4) (9 ca. 
JJ ͤ n ³ en M ĩð v EE es 10 8 4 
%%%)! ³ꝛW1 ͤ u ei cau ale e a m 2 1 se 
Yugoslavia u E e Du iu Dulu u LIS 2 26 24 22 
μι μπα l uU curru A MMC suis: T48 84 80 
European centrally planned economy countries: 
Bulgaria , ολ ο αι VEN SARI EE D RE E RR 118 184 149 
Germany. — ο το ον OUS το ο WAS ICONE MEN S E τ 
77 (x8 130 84 41 
Poland —-5 e ee A A ως 496 313 101 
USSR- enden ⁰¹w-.-r E 1,615 1,256 4) 320 
Total? ο σος πας. E e a E OE cer T2 653 1,981 1,886 
7%] ³¹Ü AAA m ³ AA σας E NA NA 
Other? -Mii 13 10 6 
Το ο u nc EE ] A 18 10 6 
Other countries 
κ μοι πμ οκ zulu suu oe 974 637 696 
J ðddddd AA 8 292 468 11 17 
πας 2 d a E 7115 6189 116 
DIOE ⅛ðLjdddͥ ⁵¼ 8 832 105 224 
Korea, Republic of 1 (S) 21 
USE TERMES EEO ο m ο ρα ος: 88 (9 pve 
New Zealand a ee ee 62 81 
jn . S 62 62 2 
South Africa, Republic oo «44 NA NA NA 
μα... ο ³⁰ð. 1 θες ³m qm ⁰⁰y LU a C πας. 52 89 69 
JJ 8 .0 _ ΝΑ 
United Stateg μπω ⁵ ee 86 rg 586 110,584 8,949 
TOM ² dA Www eri areas 2 E 711,444 711,971 11,195 
Grand total 728,868 122, 489 22,914 


*Estimate. ‘Revised. NA Not available. 

1Unless otherwise noted, source is: United Nations Economic Commission for Europe, Annual Bulletin of Steel 
Statistics for Europe, V. IV, 1916, New York, 1977, pp. 97. 

*Total of listed figures. 

*Following United Nations practice, Yugoslavia has been included with other market economy countries of western 


*Revised to none. 

"Less than 1/2 unit. 

"Official trade returns of subject country. 

7Statistiches Bundesamt. Eisen und Stahl, 2d quarter, 1977. Dusseldorf, 1977, 143 pp. 
*Partial figure; compiled from export statistics of trading partner countries. 
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Table 17.—Iron and steel scrap imports by selected countries! 


(Thousand short tons) 
1974 1975 1976 
European Economic Communi 
Belgium- M Ed n κ Aa πα FOR ITE MEM oS ae Le ° 
France cc ος κα εως III IILI 862 805 802 
Germany, Wettin 1,996 71,896 1,708 
ass Ni ai ERN MEC See Sata es b S 8 28 4 1 
Παν πο ο ο a ee ß 6,917 5,967 6,914 
Indi como ο αν Le riu Mu 96 176 177 
United Kingdom ..————— nnnm mares esa ue 154 97 765 
Totali e de LM LU I 10,515 rg 227 10,516 
European Free Trade Association: 
. JJ ⁵ ⁵ð d ος ο πόσο. 9 197 8 
e p εως 
Portugal — nc y k...... M E ο 9 7 82 
ιτ ολ πο ο ως opo ον λος ο ο ο 406 151 
Switserland ...................-.-..------------------------------------------------ 121 107 49 
F ⁵˙²˙’¹.¹ ͤ ‚ RUSO S 689 1584 860 
Other European market economy countries: 
%% ERE ο ες 98 106 60 
Ορος κος ιο Ad ere 108 
„ P . EEA 2,122 42,929 
Yugoslavia oL οσο ³˙Ü¹ ⁵ -=-= 461 881 
VG» ad Mot x eC 2,102 r2 998 8,454 
European open ina planned economy countries:* 
5 | ToC NONE ο ο το ος ο τες ST 384 596 
7 os vv ιο τωρα 2 1 10 
Poland ος ο ο κ μον ee Saa s 8 2 52 
Tél mc pupas ]⅛ -n Ad E ME 455 1421 692 
Latin America: 
JJJJ%%%%%%ô%Ü5nü ² q¹;..¼ſi .. LU ELE UL 41168 «352 588 
j luc ο με μισο e EN ENE 992 
Chl ullo τος οσο yd a DL eS *12 *10 514 
Cibi uana εσας ου eL ν 565 561 *66 
C7///%ô—Ü%¾ ͤů '! “„.. ð ο E Le 4874 *1,400 5595 
Poni o ο uL ο ο r hh ο ME E CEN 81 
%%% MEME ³⁰ AAA τω ας ας a 4182 462 520 
OU e ß rs e ZD Lu A ep Et ας 4 8 8 
κώνο re Eee y ier. s: 11, 306 11,908 809 
Other countries: 
JJ ³wwwi¹¹ - 848 1,024 907 
China, People’s Republic off 188 219 
e d ee wee SES NA NA 541 
al EREMO EREMO PREISEN es 411 422 *13 
IN ace enc ada ſyß yd y eee ee AT 4 411 
JEDE S. oou uu duse moa a LE et aes 8,923 8,409 1,986 
Korea, Republic of «„«õũbmw n 1,285 980 1,206 
— ος μα —————" Á———H—— À— T s *19 567 528 
—— — ——À 8 *106 *110 
South Africa, Republic oll 10 20 87 
Wii Z ceu ecc E M LE oe eR eR E 866 889 827 
/ ⁰ ¹ ee UL 282 294 804 
ποπ du . ALL E E. *130 94 5168 
United MAU ß ως ο ο τω ο δες, 201 805 507 
„ PC E T 71,149 6,887 5,687 
Grand total? ο τε S s E s ια S Y μας A 729,416 22,020 21,518 
*Estimate. ‘Revised. NA Not e 
1Unless otherwise noted, source is: Uni ations Economic Commission for Europe, Annual Bulletin of Steel 
Statistics for Europe, V. IV, 1976, N New York | 1971. nd T pp It should be noted that among major steel producing nations, 
κ ΕΙ fpes ος 
*Following United Nations practice, Yugoslavia has been included with other market economy countries of western 


‘Official trade returns of subject coun country. 
partial figure; compiled from export statistics of trading partner countries. 


Kyanite and Related Materials 


By Michael J. Potter 


Kyanite, andalusite, and sillimanite are 
anhydrous aluminum silicate minerals that 
are alike in both composition and use pat- 
terns and have the same chemical formula, 
Ah0,9Si0, Related materials include 
synthetic mullite, dumortierite, and topaz, 
also classified as aluminum silicates, 
although the last two additionally contain 
substantial proportions of boron and 
fluorine, respectively. All of these kyanite- 
group substances have -the capability of 
serving as raw materials for manufacturing 
special high-performance refractories in the 
high-alumina category, but there has been 
no record in recent years of significant 
utilization of either dumortierite or topaz 
for this purpose in the United States. 

Although published statistics are not suf- 
ficiently complete to be wholly conclusive, it 
appears that the United States, India, and 


the Republic of South Africa are the leading 
world producers of kyanite-group minerals. 
It can be presumed that the U.S.S.R. and 
perhaps a few other industrialized nations 
also produce significant quantities of these 
materials. 

U.S. kyanite production in 1976 was 
slightly higher in tonnage and value than in 
1975. During 1976 the expanded processing 
facilities of C-E Minerals, Inc., were suc- 
cessfully debugged. Partly because of slug- 
gish sales, completion of Kyanite Mining 
Corp.’s third plant is now scheduled for 
1977. 

Legislation and Government Pro- 
grams.— The allowable depletion rates for 
kyanite, established by the Tax Reform Act 
of 1969 and unchanged through 1976, were 
22% for domestic production and 1496 for 
foreign operations. 


DOMESTIC PRODUCTION 


Kyanite was produced in the United 
States in 1976 at three open pit mines: Two 
in Virginia and one in Georgia. Kyanite 
Mining Corp. operated the Willis Mountain 
mine in Buckingham County, Va., and the 
Baker Mountain mine in adjoining Prince 
Edward County, Va. CE Minerals, Inc., 
operated the Graves Mountain mine in 
Lincoln County, Ga. 

Domestic kyanite output in 1976 was 
slightly higher in tonnage and value than in 
1975. Specific kyanite production statistics 
for 1976 (as well as for all previous years 
since 1949) are withheld to avoid disclosure 
of individual company confidential data. 

Synthetic mullite production showed a 
substantial increase in both tonnage and 
value compared with 1975 and output was 
largely of the high-temperature sintered 
variety. The four producers of this material 
were Α. P. Green Refractories Co. at Phila- 


delphia, Pa; CE Minerals, Inc. at 
Americus, Ga.; Harbison-Walker Refracto- 
ries Co. at Eufala, Ala.; and Taylor Re- 
fractories Division, NL Industries, Inc., at 
Greenup, Ky. Electric-furnace-fused mullite 
was produced by The Carborundum Co. at 
Niagara Falls, N.Y. 


1 Physical scientist, Division of Nonmetallic Minerals. 
i Industrial Minerals-Kyanite. Min. Eng., v. 
29, No. 8, March 1977, p. 64. 


Table 1.—Synthetic mullite production in 


the United States 
Quanti Val 
Year N 
19177777  ύς 46,389 $4,080 
1918 ________ 58,176 5,211 
197 41,508 5,895 
777 nn 24,147 8,850 
1979D ------ 5,458 
TRevised. 
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CONSUMPTION AND USES 


Kyanite and related materials, conform- 
ing to established end use patterns, were 
consumed in 1976 mostly in the manu- 
facture of high-alumina or mullite-class re- 
fractories and in lesser quantities as ingre- 
dients in some ceramic compositions. Do- 
mestic kyanite, already ground to minus 
35-mesh as required by the flotation pro- 
cess used in its separation and recovery, 
was marketed in the raw form or after heat 
treatment; that is, as mullite, which was 
sometimes further reduced in particle size 
before use. In the 35- to 48-mesh range, 


the mineral was used mostly in monolithic 
refractory applications such as for high- 
temperature mortars or cements, ramming 
mixes, and castable refractories, or with 
clays and other ingredients in refractory 
compositions for making kiln furniture, in- 
sulating brick, firebrick, and a wide variety 
of other articles. More finely ground mate- 
rial, minus 200-mesh for example, was used 
in body mixes for sanitary porcelains, wall 
tile, precision casting molds, and miscella- 
neous special-purpose ceramics. 


PRICES 


Engineering and Mining Journal, Decem- 
ber 1976, listed prices for kyanite, f.o.b. 
Georgia, ranging from $63 to $118 per short 
ton for bulk shipments and $9 more per ton 


The December 1976 issue of Industrial 
Minerals (London) quoted kyanite-group 
price ranges approximately equivalent 
(with some uncertainty due to a floating 


for bagged material. exchange rate) to the following: 
Price ranges quoted for kyanite-group 
materials in Ceramic Industry Magazine, 
January 1977 follow: Saat ia) 
Andalusite, Transvaal, c.i.f. main j 
Per short ton te, CC 98 
Andalusite__________________ fob FF 157 
an J ˙ TED 68-125 Indian, calcined, 
ullite, calcined |... 802-818 f.o.b. Calcutta 186-$148 
Mullite, fused |... 160-450 
1Nominal. 
FOREIGN TRADE 


The amount of kyanite-group material 
exported in 1976 showed a substantial 
decrease compared with 1975. It can be 
supposed that the greater part of material 
currently being exported by the U. S. con- 
sists of mullite. It should be noted, however, 
that some element of uncertainty is inher- 
ent in such conclusions because Bureau of 
the Census export figures, on which they 
are based, do not clearly distinguish syn- 


thetic mullite from some other mullite- 
containing materials prepared by high- 
temperature processing of certain bauxitic 
and kaolinitic minerals. 

The tonnage of imported material contin- 
ued to be small, although it showed an 
increase over that of 1975. For the first 
time, India did not appear as an exporter to 
the United States. 
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Table 2.—U.S. exports and imports for consumption of kyanite and related minerals 


1974 1975 1976 
ti ti ti 
Bred Value pred Value Quantity Value 
tons) tons) tons) 
Exports — 
Argentina 110 $14,028 160 $14,926 825 686 
— — i MM e ee S: 
um- a Av "πο απο 9 9 
Brasil!!! 2,465 217,708 582 29,700 809 82,788 
Canada __ ...--------—-— 6,848 929 5,175 861,861 4,857 862,709 
Colombia 210 14,656 801 ,869 58 
Denmark .... "e us. 184 11,919 E uo 
Gamay y West 54,000 68.578 65.457 82084 14131 1,011,056 
Guatemala 12⁵ 8,428 mE Md Nn μα 
LONE Kong οι πολ... 5 809 48 7,262 us E 
VP ο” EET 200 11,255 — τος. 
οὐ ο οι ος 12,085 910,953 13,066 921,974 6,907 600,611 
Japan __ ~~ ______ 16,488 077 80,666 796, 826 5,406 428,012 
Mexico o 4,T16 866,032 8,045 318,374 4,180 891,763 
Netherlands 12,159 1 1.120 84,598 181 11,057 
New Zealand ldd 40 8,519 20 1,690 21 1,851 
Rasa „ ἡ Be 4 
F 4,289 S ο 21 1.785 
22 ĩͤ RAE 5,865 885,787 5,755 885,925 8,028 261,251 
Switserland _____________ 84 6,851 λε: NEN 3 ΗΝ 
kam μα κκ SE 66 896 49 8,542 a 8 
UB BR Q·²⅛§?⁸˖ie ο ὅες LI σεις. 1,734 170,182 τος " 
United Kingdom .........- 1,746 185,058 11,110 89,846 6,940 509,519 
Venezuela ............................. 622 65,183 850 137,280 481 45, 
νο A ον 61 119 9,277 18 4, 
/ ¹ u u l DL 22 135,982 8,204,974 150,869 9,855,411 63,829 4,941,688 
Im 
Medis ONU AAA 110 4,939 66 2,849 t a 
Mexico 17 2,005 EM m 7,225 
Notherlands ____________ _ 11 620 s MM TM TN 
South Africa, Republic of _ _ _ _ _ 56 4,848 L- "E 45 5,172 
Total cunc l S X 194 12,412 65 2,849 110 12,897 
WORLD REVIEW 


France.—Imports of kyanite-group min- 
erals amounted to 7,860 tons in 1974. The 
principal countries of origin and the per- 
cent supplied were India, 34%; the United 
States, 31%; and Belgium-Luxembourg, 
1596. In 1975, kyanite-group imports totaled 
6,000 tons. Principal countries of origin and 
share supplied were India, 32%; the United 
States, 22%, and Belgium-Luxembourg, 
1896.* 

Although the Republic of South Africa is 
the principal producer of andalusite, France 
is now said to be in second place with pro- 
duction of “Kerphalite,” a type of andalu- 
Site mined near Kerphales in Brittany. A 
publication described the operation and ex- 
traction (at Glomel) and the properties and 
refractory applications of the products.* 

Germany, West.—Imports of kyanite- 
group minerals in 1975 amounted to 26,100 
tons. Principal countries of origin and the 


share supplied were the Republic of South 
Africa, 27%; India, 25%; and the United 
Kingdom, 1492. 

India.—A report entitled "Kyanite and 
Sillimanite, a Market Survey" was released 
by the Mineral Economics Division of the 
Indian Bureau of Mines. The report in- 
cludes an estimate of kyanite and silliman- 
ite demand in India and elsewhere over- 
the next 10 years. Also included are sections 
on uses and specifications, supply, trade, 
and prices.* 

The Geological Survey of India planned to 
investigate reserves at sillimanite deposits 


*[ndustria] Minerals (London). French Industrial Min- 

ο... Kita" Europe 
8 

Own Source οἵ High-Alumina Andalusite for Refractories. 
Νο. 104, May 1976, p. 27. 

industrial Minerals West German 1914-16 
Industrial Mineral Imports. No 105, June 1916, p. 43. 

ο... . Publications. Νο. 108, 
September 1976, p. 56. is available i 
Controller of Mises, Piot o. 95, μι πι. , East 
High Court Road, New agpur 440010, India. 
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in Meghalaya. Mines at these deposits were 
leased by Assam Sillimanite Ltd. (ASL) 
until 1978, with some 143,000 tons of silli- 
manite being mined since 1950. Hindustan 
Steel Ltd. took over the mines from ASL.’ 
Japan.—Imports of kyanite-group miner- 
als amounted to 31,785 tons in 1974. The 
principal countries of origin and the per- 
centage supplied were the Republic of 
South Africa, 65%; India, 2596; and the 
United States, 10%. In 1975 kyanite-group 
imports were 25,950 tons. Principal coun- 
tries of origin and percent supplied were 
the Republic of South Africa, 58%; India, 
8196; and the United States, 100%. 
Nigeria.—The Nigerian Government was 
to invest $760 million in exploiting mineral 
and water resources during the current 
plan period. Of this amount, $5.3 million 
was to be spent on development of known 
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deposits of several nonmetallic minerals, 
including kyanite.* 

United Kingdom. — For the first 6 months 
of 1975, imports of kyanite-group minerals 
amounted to 18,800 tons. Principal coun- 
tries of origin and the share supplied were 
the Republic of South Africa, 64%; France, 
14%; the United States, 1290; and India, 
5%. Imports of kyanite-group minerals for 
the first half of 1976 were 18,535 tons. The 
principal countries of origin and percentage 
supplied were the Republic of South Africa, 
65%; France, 24%; India, 5%; and the 
United States, 50.0 


"Industrial Minerals (London). Company News & Min- 
eral Notes. No. 105, June 1976, dad ale 45. 
Industrial Minerals 
Μα Na. 108, Scptaciber ! 6, p. 51. 
3Ind: Com News & Min- 
eral Notes. No. 101, February 1976, p. 
UK Mineral κενο, 


Mcr ds 1976. No. 108, sepalis 1916, p. 


Table 3.—Kyanite, sillimanite and related materials: World production, by country! 


(Short tons) 
Country and commodity? 1974 1975 19165 
Australia: Sillimanite® ______________________________ 828 5886 “00 
το Kyanite and απἁα]μαίίο.....................------------------------------------ 10,860 *11,000 *11,000 
Κγαπῖιο..............................................-....................-.......-..... 749.915 66,447 49,945 
! ³⁰ÜwoꝛmꝛiA I ie 8 78,252 8,946 16,088 
Korea, Republic of: Andalusite -.----------------------- 127 117 578 
South Africa, Repub 

Andalusite UU U ee eee tee ee eee ee 70,557 85,042 85,889 
:Andalusite .......----------------------------- pr po 66,600 

United States 
| noc c MILL CA UI K ανα W W W 
Synthetic mullite  ...............--.-....-.--.-.-.-----.-......-...-........ 41,508 24,147 42,228 


W.. 


*Estimate. Preliminary. "Revised. 
lOwing to incomplete reporting, the table has not been total 
"In addition to the countries listed, a number of other countries presumably produced kyanite and related minerals, 


but output data are not reported and no basis is available for estimates of 
ition, linised sillimanite) is 


ο. Ca eA ος 
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TECHNOLOGY 


Α patent was granted for making alumi- 
num powder from kyanite. The procedure 
includes mixing beneficiated kyanite and 
powdered coal to make briquets or pellets, 
reducing the agglomerates in an electric 
furnace, grinding and hydroaluminating 
the aluminum-silicon alloy, and pyrolyzing 
or decomposing the resultant material in an 
oil medium to form aluminum powder." 

In its annual review of materials for 
ceramic processing, an industrial journal 
presented brief studies of the kyanite-group 
minerals and their contributions to modern 
technology. 

The Federal Bureau of Mines ran some 
acid leaching studies on a high- iron kyanite 
concentrate produced from a North Caroli- 
na weathered surface ore. Results indicated 
that specification-grade kyanite concen- 
trates could be produced from this material 
by leaching with acid to react with the 
contained iron. In other Bureau work, in 
cooperation with the U.S. Forest Service, 
kyanite and garnet analyses weré run on 
some samples from Idaho. The analytical 
treatment involved scrubbing, acid leach- 
ing, heavy-liquid separation, and magnet- 
ic separation. 


A patent was granted for the fabrication 
of structural bodies from mullite powder." 

A journal article described the occur- 
rence, characteristics, and purification of 
Korean andalusite. The ore, which con- 
tained mainly andalusite, muscovite, bio- 
tite, and small amounts of other minerals, 
was studied by optical microscopy, X-ray 
diffraction, and other methods. After hand 
cobbing, stage crushing of the ore in- 
creased the distribution of andalusite in 
coarse particles and that of mica in fine 
particles. 


Hutchinson and F. W. f Frey e € rein 
Production of Aluminum a 
3,860,415, Jan. 14, 1976. 

Ceramic Industry. Andalusite. V. 108, No. 1, January 


1911, p. 44. 
— — Dumortierite, V. 108, No. 1, Janu 1977, p. 64. 
——. e „p. 75. 
— ——-. Mullite. V. 108, No. 1, January 1 D oae 
— . Sillimanite. V. 108, No. 1, Jan 1977, p. 99. 


5 ak i S NO beanuaiy) »p.l 

: K. S., and L. M. Brown rown (assigned to the 

U.S. Secretary of the Air Force) Mullite and 
Structural Bodies Therefrom. U.S. 

ΝΑΤ 

uminia 


and αμ die 
a on. J. Korean Ceram. Soc., v. 11, No. 1, 1974, 
Pp. 
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Lead 


By J. Patrick Ryan, i John M. Hague, and John A. Rathjen? 


In 1976 world mine production of lead at 
9.7 million tons represented a slight decline 


from the 1975 level. Smelter production, 


however, recovered from the low level of 
3.66 million tons in 1975, rising to 3.79 
million tons in 1976. World metal consump- 
tion was estimated to be about 4.7 million 
tons, including use of refined secondary 
metal, a 990 increase above consumption in 
1975. The increase came in part from in- 
creased secondary production and in part 
from drawdown of stocks. World producers' 
Stocks outside planned economy countries 
decreased from 298,000 tons at the begin- 
ning of the year to 223,000 tons at yearend. 
The U.S. producer price of lead increased 
in several steps throughout the year from 
19 cents per pound in January to a split 
price of 25.5 to 26 cents at yearend. The 
London Metal Exchange (LME) price rang- 
ed from an average of 15.2 cents per pound 
in January in terms of U.S. currency to 23.1 
cents in July and then retreated through 
the succeeding months, ending the year at 
21.7 cents. During the first half of the year 
the LME price was only 1 or 2 cents below 
the U.S. price but during the second half 
the spread became 3 to 5 cents per pound. 
Domestic mine preduction decreased 2% 
from the 1975 level to 609,500 tons in 1976. 
Primary refinery production from domestic 
and foreign concentrates on the other hand 
increased 3% over that of 1975 to 657,519 
tons in 1976, despite a strike at one smelter. 
Secondary smelter production increased 
10% to a record level of 726,600 tons, more 
than half of the total lead production. 
Consumption of lead in the United States 
recovered from the depressed level of 19775, 
increasing 1596 to 1.49 million tons in 1976. 
The increase in demand was caused by the 
need for original equipment batteries in a 
greater number of new cars and by sales of 
more replacement batteries toward the end 
of the year as severe winter weather in- 
creased battery replacements. Lead require- 


ments for battery manufacture used 5596 of 
the total supply; gasoline antiknock com- 
pounds, 16%; pigments, 7%; ammunition, 
596; and other uses, 17%. 

Stocks of refined and antimonial lead at 
primary smelters decreased from 81, 300 
tons at the beginning of the year to 43,700 
tons at yearend, and consumers’ stocks of 
soft lead and lead in antimonial lead and 
other alloys changed from 131,700 tons on 
January 1 to 127,900 tons on December 31, 
resulting in a substantial reduction of 
41,400 tons in combined stocks. 

Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) reported net sales of lead from 
the Government stockpile totaled 459 tons 
in 1976. The total uncommitted inventory at 
yearend was 601,160 tons, as primary pro- 
ducers stocks remained above the 52,584-ton 
trigger point for GSA lead released through 
September 1976. 

GSA announced on October 1 that the 
stockpile goal for lead had been raised from 
65,100 tons to 865,000 tons and that the 
Government was canceling its obligation to 
deliver any lead remaining to be delivered 
under contracts with producers. 

Public Law 94-413, known as the Hybrid 
Vehicle Research, Development, and Dem- 
onstration Act of 1976, was enacted on 
September 17, 1976. The law authorized a 
$160 million Federal program to foster 
development and demonstrate over a 5-year 
period (1977-81), the commercial feasibility 
of electric vehicles. The program, to be 
carried out by the Energy Research and 
Development Administration (ERDA), pro- 
vided for preduction of 7,500 cars for demon- 
stration by Government agencies and the 
public. Because a substantial part of the 
authorized funds were to be allocated for 
battery research, including the lead-acid 


Division of Nonferrous Metals. 
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1 Physical scientist, Division of Nonferrous Metals. 
3Mineral specialist, 


128 


battery, the program could have a major 
impact on the battery manufacturing in- 
dustry and the future demand for lead. 

On June 23, 1976, the Lead-Based Paint 
Poisoning Prevention Act was extended and 
revised by enactment of the National Con- 
sumer Health Information and Health Pro- 
motion Act of 1976, (Public Law 94-317). The 
Act directs Federal agencies to take action 
with respect to determining a safe level of 
lead in paint. Public hearings were held on 
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September 13, 1976. 

On petition by interested parties request- 
ing revocation of its earlier dumping find- 
ings on imports of lead metal from Austra- 
lia and Canada, the International Trade 
Commission, on review of the evidence and 
factual data, determined that if the findings 
were revoked, an industry in the United 
States would not likely be injured by im- 
portation of such primary lead metal at less 
than fair market value. 
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Figure 1.—Trends in the lead industry in the United States. 


Table 1.—Salient lead statistics 
(Short tons unless otherwise specified) 
1972 1973 1974 1975 1976 
United States: 
Production: 
Domestic ores, recoverable lead content 618,915 603,024 663,870 621,464 609, 
Value — ee thousands $186,046 $196,465 $298,742 $267,230 8281, 613 
Primary lead (refined): 
From domestic ores and base bullion ....... 577,398 567,256 580,078 530,215 568,536 
From foreign ores and base bullion . _ _ _ _ 103,001 107,260 92,046 105,907 84,341 
Antimonial lead (primary lead content) _ _ _ _ _ 8,185 13,228 9,867 2,125 4,642 
Secondary lead (lead contenttv?ͤ«« _ 616,597 654,286 698,698 658,456 726,569 
oe of eco materials, excluding scrap . _ _ _ 376 66, 516 61,982 21,256 5,877 
general: 
in ore and matte 101,282 109,947 94,299 87,560 16,865 
Lead in ipd bullion |... _ 895 831 462 2,384 
Lead in pigs, bars, and olli 245,853 181,486 119,579 105,876 150,345 
Stocks December 31 daad content): 
At primary smelters ena refineries ________ 145,573 89,847 121,051 156,530 104,543 
At consumer Pen and secon smelters .. 118,544 124,121 166,589 133,315 129, 610 
Consumption tal, primary and secondary 254 1,541,209 1,599,427 1,297,098 1. 490,072 
- pce Common lead, average, cents per pound! _ _ 15.03 16.29 22.53 21.53 23.10 
or 
Production: 
e e uum 3,801,094 3,843,723 "3762489 3,750,210 3, 700, 742 
p c u Sus 3,723,409 — 3,887,864 73,828,701 73,656,145 3,788,184 
Price: London, common lead, average, cents per 
pound ou κας αλλες 2 S= 19.68 19.47 26.88 18.73 20.46 
Revised. 


1 Quotation on nationwide, delivered basis. 


The International Lead and Zinc Study 
Group (ILZSG) held its 20th session in 
Geneva, Switzerland, November 8-12 to re- 
view the situation in lead and zinc and the 
outlook for 1977, and long-term lead and 
zinc trends. ILZSG provided estimates of 
world production and consumption of lead 
and zinc that reflected a strong recovery in 
world economic activity from the low levels 
of 1975. ILZSG estimates for 1976 and fore- 
casts for 1977 showed lead supply and de- 


mand in close balance with little change in 
stock levels. A review of new mine and 
smelter projects disclosed several new zinc- 
lead mines under development and schedul- 
ed for production in 1977 and 1978, includ- 
ing Tara in Ireland and Rubiales in Spain. 
Several new and expansion smelter pro- 
jects, both primary and secondary, also 
were scheduled for startup in 1977 and 
1978. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Output of lead from U.S. mines in 1976 
totaled 609,500 tons, about 2% less than in 
1975. Monthly production reached a maxi- 
mum in March of 57,800 tons, about 1% less 
than the maximum achieved in the same 
month in 1975. Production from Missouri 
mines decreased 3% to 501,000 tons and 
accounted for 82% of the Nation's total 
output of lead. Production in Idaho, which 
provided 9% of the total, was 6% more than 
in 1975 reflecting increased output at the 
Lucky Friday and Star mines. Colorado's 
production was down 150 but mine output 
in Utah continued to rise for the second 
consecutive year in 1976 after reaching a 
70-year low in 1974. The 29% gain in Utah's 
output was attributed to increased pro- 
duction from the Ontario mine near Park 
City which more than offset lower pro- 
duction from the Burgin mine. 

The Buick mine, jointly owned by AMAX 


Lead Co. of Missouri and Homestake Lead 
Co., was the Nation's leading lead producer 
for the sixth consecutive year although 
output of ore, concentrates, and contained 
lead declined moderately from the record 
levels achieved in 1975. Ore milled in 1976 
totaled 1.61 million tons averaging 9.9% 
lead and 3.9% zinc from which 204,574 tons 
of lead concentrate and 94,734 tons of zinc 
concentrate were produced. Ore reserves 
decreased 0.78 million tons to about 28 
million tons at yearend. Average grade of 
reserves was 7.0% lead and 2.0% zinc.* 

The seven leading mines, all in Missouri, 
provided 78% of the total U.S. mine pro- 
duction of lead compared with 79% in 1975. 
The 12 leading mines produced 91% and the 
25 leading mines accounted for 9960 of the 
total| the same as in 1975. About 4,700 
persons were employed at the Nation's lead 


3Homestake Mining Co. 1976 Annual Report. P. 17. 
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lead-silver, and lead-zinc mines and mills in 
1976. Output of lead and zinc from these 
mines was approximately 165 tons per man- 
year. Average grade of lead ore mined was 
5.89% lead and 0.97% zinc, compared with 
6.17% lead and 0.89% zinc in 1975. 

St. Joe Minerals Corp., the Nation’s larg- 
est lead-mining and smelting company, op- 
erated its four underground mine-mill units 
in the New Lead Belt of southeast Missouri 
at full capacity during the year. The four 
units, Fletcher, Brushy Creek, Viburnum, 
and Indian Creek, accounted for approxim- 
ately one-third of the total U.S. mine pro- 
duction in 1976. The company reported that 
concentrate production was 316,570 tons 
containing 221,404 tons of lead, compared 
with 284,200 tons of concentrate and 
201,434 tons of lead produced in 1975. St. 
Joe mines also produced 17,936 tons of zinc 
in concentrates and 3,169 tons of copper in 
concentrates. Tons produced per man-shift 
worked underground ranged from a low of 
30 tons to a high of 55 tons.“ 

In Idaho, Hecla Mining Co. reported that 
its Lucky Friday mine produced 186,520 
tons of ore assaying 14.41 ounces of silver 
per ton, 10.91% lead, and 1.47% zinc in 
1976, compared with 173,245 tons assaying 
14.96 ounces of silver per ton, 10.71% lead, 
and 1.29% zinc in 1975. About 20,100 tons of 
lead, 2.64 million ounces of silver, and 2,600 
tons of zinc were contained in the concen- 
trates produced. Ore reserves at yearend at 
Lucky Friday totaled 475,000 tons compared 
with 505,000 tons at yearend 1975. Hecla 
also reported that mine preduction at the 
Star-Morning mine, jointly owned by Hecla 
(80%) and The Bunker Hill Co. (70%), total- 
ed 282,037 tons of ore, slightly less than in 
1975. Hecla’s share of the 1976 preduction 
was 84,612 tons of ore assaying 2.98 ounces 
of silver per ton, 5.61% lead, and 6.05% 
zinc. Hecla's 830% share of the computed ore 
reserves was 344,000 tons, about 50,000 tons 
less than at yearend 1975.* 

The Bunker Hill Co. (a subsidiary of Gulf 
Resources and Chemical Corp.) reported 
production from company-owned mines 
aggregated 35,000 tons of lead, about 2,000 
tons more than in 1975. Ore production at 
The Bunker Hill mine increased approxi- 
mately 10% to a record level. At the Pend 
Oreille mine ore production increased about 
25%. The company also reported that 
proven and probable ore reserves at year- 
end 1976 in the Bunker Hill mine totaled 
3.09 million tons averaging 2.2% lead, 3.4% 
zinc, and 1.4 ounces of silver per ton. In 
addition, the company’s 70% interest in 
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proven and probable ore at the Star mine 
totaled 708,000 tons averaging 6.9% lead, 
8.096 zinc, and 4.0 ounces of silver per ton.* 

In Colorado, Idarado Mining Co. mined 
and milled 361,000 tons of ore averaging 
2.40% lead, 3.83% zinc, and 0.49% copper, 
compared with 406,000 tons of ore averag- 
ing 2.28% lead, 3.24% zinc, and 0.6396 
copper treated in 1975. Ore reserves at 
yearend were 3.48 million tons, about 5% 
less than at yearend 1975. The company 
reported añ 11% reduction in ore milled, 
reduced development activity, and increas- 
ed mine productivity which lowered mine 
operating costs and partly offset sharply 
higher smelter treatment charges. At the 
Leadville mine, also known as the Resur- 
rection mine, a joint venture of ASARCO 
Inc. and Newmont Mining Corp., 200,000 
tons of lead-zinc-silver ore was treated, 
slightly less than in 1975. The average 
grade of ore milled in 1976 was 4.25% lead, 
9.26% zinc, and 2.2 ounces of silver per ton 
compared with 4.28% lead, 8.68% zinc, and 
2.2 ounces of silver per ton in 1975." Lead 
metal production was about 7,300 tons, 200 
tons less than in 1975. Ore reserves at 
yearend 1976 were estimated at 1.96 million 
tons averaging 4.96% lead, 9.94% zinc, 2.71 
ounces of silver and 0.08 ounce of gold per 
ton, down from 2.27 million tons at the end 
of 1975. 


SMELTER AND REFINERY PRODUCTION 


Output of primary refined lead and lead 
in antimonial lead from the Nation's five 
primary refineries in 1976 totaled 657,519 
tons, about 396 more than in 1975. About 
87% of the total output was recovered from 
domestic ores. Antimonial lead production 
at primary refineries increased about 1296 
to 6,743 tons. The average antimony content 
of the alloy increased from 9.4% to 10.8%. 

St. Joe's smelter-refinery at Hercula- 
neum, Mo., the largest in the United States, 
operated at close to capacity in 1976. Pro- 
duction of lead and lead alloys totaled 
222,488 tons, 20% more than in 1975 re- 
flecting strong demand for lead throughout 
the year particularly from the battery in- 
dustry and manufacturers of lead alkyls for 
gasoline.* 


*St. Joe Minerals Corp. 1976 Annual Report. P. 8. 

5Hecla Mining Co. 1976 Annual Report. P. 6. 

*Gulf Resources and Chemical Corp. 1976 Annual Re- 
port. Pp. 11-12. 


"Newmont Mining Corp. 1976 Annual Report. Pp. 5-6. 
SASARCO Inc. 1976 Annual Report. P. 18. 
Page ἃ of work cited in footnote 4. 


LEAD 


ASARCO reported that its Omaha, Nebr., 
and Glover, Mo., refineries produced 
197,300 tons of lead, slightly less than in 
1975. The company began work at midyear 
on a comprehensive modernization and air- 
quality control program designed to bring 
its copper and lead smelters at El Paso, 
Tex., into compliance with government 
standards. The new facilities will include a 
totally enclosed ore handling system to 
minimize air pollution from incoming cop- 
per and lead ores, a new lead sintering 
plant, and an 800-ton-per-day sulfuric acid 
plant to control sulfur dioxide emissions 
from the copper concentrate roasters and 
the lead concentrate sinter machine. Con- 
struction of these facilities was to begin in 
1977 and the entire $98 million moderniz- 
ation program is scheduled for completion 
in 1978. At the company’s East Helena, 
Mont., lead smelter a $37 million moderniz- 
ation program, underway in 1976, included 
a 500-ton-per-day acid plant and extension 
of the updraft sinter machine. Completion 
of the project was scheduled for the third 
quarter of 1977. Base bullion produced at 
the El Paso and East Helena custom smelt- 
ers was treated at the Omaha refinery. The 
Glover smelter-refinery, which treated con- 
centrates from the Ozark mine at Sweetwa- 
ter, Mo., was closed by a strike extending 
through the last 4 months of the year 
resulting in a loss of 32,000 tons of refined 
lead production.! 

The East Helena smelter processed ores 
and concentrates from about 115 domestic 
mines in 10 States and from mines in 
Australia, Canada, Colombia, Honduras, 
and Peru. The El Paso smelter processed 
ores and concentrates from approximately 
28 domestic mines in 5 States and from 
mines in Canada, Honduras, Mexico, Nica- 
ragua, and Peru. 

The AMAX-Homestake smelter-refinery 
at Boss, Mo., processed 196,800 tons of 
concentrates and produced 134,100 tons of 
refined lead, slightly less than in 1975. 
Approximately one-half of the production of 
refined lead at the smelter was tolled for 
others." 

The Bunker Hill smelter-refinery of Gulf 
Resources and Chemical Corp. produced 
108,000 tons of lead in all forms, about 12% 
less than in 1975. The company reported 
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that the falloff in production in 1976 result- 
ed from curtailment of smelter operations 
in order to comply with pollution control 
regulations; however, completion of a tall 
chimney (stack) in mid-1977 should enable 
the smelter to operate near capacity. The 
Bunker Hill smelter processed concentrates 
from mines in seven States, Canada, Green- 
land, and Peru. 

Secondary smelter production from recy- 
cled materials in 1976 increased 10% to a 
record high level of 726,600 tons of lead, 
about 52% of the total smelter and refinery 
production. Approximately 115 secondary 
plants were engaged in recovering lead and 
lead alloys from recycled scrap during the 
year. Secondary metal output represented 
nearly 49% of the total lead consumption in 
1976. Approximately 4396 of the total sec- 
ondary lead production was recovered in 
the form of lead metal, 47% as antimonial 
lead, and the remaining 1096 in other lead 
alloys. 


RAW MATERIAL SOURCES 


Primary smelters and refineries process- 
ed ores and concentrates from domestic 
mines yielding 570,800 tons of refined lead 
and antimonial lead, about 87% of the total 
primary refinery production. Refined and 
antimonial lead recovered from imported 
concentrates smelted during the year total- 
ed 86,700 tons, 19,700 tons less than in 1975. 
Lead recovered from lead scrap processed at 
primary plants dropped to 1,400 tons, large- 
ly contained in antimonial lead. 

Scrap materials consumed in 1976 totaled 
about 1 million tons, 93,800 tons more than 
in 1975. New scrap in the form of purchased 
drosses and residues from a variety of 
sources aggregated 151,000 tons, about 11% 
more than in 1975 and a record high con- 
sumption. New scrap accounted for 1596 of 
the total scrap processed, the same as in 
19775. The remainder, old scrap, was largely 
battery plates, cable lead, soft and hard lead 
with smaller quantities of type metal, sold- 
er, and babbitt. About 4,400 tons of reclaim- 
ed scrap was imported from foreign count- 
ries for processing in domestic plants. 


10Pages 9 and 11 of work cited in footnote 8. 
11Page 17 of work cited in footnote 3. 
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Figure 2.—Lead mines and smelters in the United States. 


CONSUMPTION AND USES 


Domestic consumption of lead in 1976 
totaled 1.49 million tons, 15% above the 
8-year low level of consumption established 
in 1975. On a monthly basis, consumption 
ranged from a low of 103,400 tons in July to 
a high of 137,400 tons in October. The use of 
lead increased in all major product cate- 
gories. In metal products, battery require- 
ments were up nearly 18%, ammunition 
was down 2%, but solders increased 10%. 
Lead used in pigments, principally red lead 
and litharge was up 33%, and lead used in 
gasoline antiknock compounds was 15% 
greater than in 1975. Miscellaneous and 
other unclassified uses of lead combined 
increased 30%. According to type of mate- 
rial consumed, soft refined lead represented 
67% of the total consumption; antimonial 
lead accounted for 28%; lead in other alloys 
accounted for 4%; and lead in copper-base 
scrap accounted for about 1%. 

The 18% gain in lead requirements for 
battery grids and oxides was attributed to 
increased demand for original equipment 
starting, lighting, and ignition (SLI) bat- 
teries, reflecting a 28% gain in production 
of motor vehicles, and to increased require- 
ments for replacement batteries attributed 
mainly to severe winter weather conditions 
in many parts of the country. Approximate- 


ly 62.1 million SLI-type batteries were pro- 
duced in 1976, 14.9 million more than in 
1975. Of the total battery production 48.2 
million were replacement and 13.9 million 
were original equipment, representing 
gains of 18% in replacement and 114% in 
original equipment. The 15% gain in the 
quantity of lead used in antiknock additives 
in 1976 was attributed essentially to in- 
creased gasoline production, increased ex- 
ports, and buildup of stocks. Lead used in 
battery manufacture accounted for about 
55% of total lead consumption. Lead re- 
quirements for antiknock compounds repre- 
sented 16% of the total; pigments accounted 
for 7%; ammunition, 5%; miscellaneous and 
other unclassified uses, 4%; and other metał 
products, the remaining 13%. 

The domestic supply of lead metal from 
all sources—primary and secondary pro- 
duction, imports for consumption, industry 
Stock changes, and stockpile releases— 
totaled about. 73,700 tons more than report- 
ed consumption and exports. The apparent 
excess supply in 1976 was attributed largely 
to unreported consumption, incomplete ex- 
port data, and stock buildup, especially by 
small producers, consumers, and dealers 
that do not report to the Bureau of Mines. 


LEAD 


LEAD PIGMENTS 


Consumption of pig lead for manufacture 
of lead oxides, pigments, and compounds 
was 516,768 tons in 1976, an increase of 
21,082 tons from the 1975 total. A small 
decline in use for manufacture of litharge, 
and white lead was more than offset by 
increased use for production of black oxide 
and red lead. The largest increase was in 
requirements for battery oxide, which rose 
to 374,761 tons in 1976, an increase of 7% 
from the 1975 total. Most of the litharge and 
black oxide produced went to battery manu- 
facturers. Total shipments of litharge in 
1976 were 122,462 tons, a gain of 1,987 tons 
from that reported in 1975. A decline in use 
for ceramics and rubber was offset by a 
sharp increase in demand for litharge by 
the paint industry. Shipments of white lead 
continued on the down trend with only 
1,625 tons of domestic production shipped 
during the year. 

Prices.—The published price for litharge 
as listed in the Chemical Marketing Re- 
porter was 24 cents per pound in carload 
lots, ex-works, on January 1. During the 
week of January 5 the price softened and 
was quoted in a range of 23.75 to 24.00 cents 
per pound. The price for litharge remained 
at this level until mid-May, when it was 
increased to 24.25 to 26.25 cents per pound. 
The quotation remained firm until the week 
of October 11, when a price of 30.25 cents 
per pound was established which held 
through the remainder of the year. The 
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quoted price for red lead Pb, O.), 95%, 
carload lots at plant, followed a similar 
pattern, rising in several steps from 24 
cents per pound in January to 31.25 to 32.5 
cents per pound in October, where it re- 
mained firm through yearend. Basic 
carbonate of white lead advanced 6 cents 
per pound, from 32.5 cents in January to 
38.5 cents per pound in October. 

The total value of shipments for litharge 
and rod and white lead in 1976 was $79.4 
million, an increase of $20.0 million from 
the 1975 total. The average value per ton 
was $553.71 compared with $427.78 in 1975. 
The increase in value was attributed to 
higher pricing in all categories. 

Foreign Trade.—Exports of pigment- 
grade lead oxides and compounds totaled 
2,965 tons with a gross value of $2.1 million. 
Venezuela and Brazil accounted for 57% of 
the total shipments; the remainder was 
shipped to 32 other countries. Imports. of 
lead pigments and compounds increased in 
1976 to 17,886 tons with a total value of 
approximately $9.5 million. Litharge 
accounted for 77% of the tonnage with a 
value of almost $5.7 million. Mexico was the 
prime source of supply for litharge ac- 
counting for 99.9% of the total. Chrome 
yellow was second in volume at 2,747 tons; 
Canada and Japan supplied 78% and 25%, 
respectively, of the total chrome yellow, 
with a small quantity from West Germany. 
The remainder of pigments and compounds 
was received from a total of 11 countries. 


STOCKS 


Industry stocks of lead at producers and 
consumers plants dropped sharply during 
1976 from a high level of 206,300 tons in 
March to a low of 151,800 tons in November. 
The closing inventory of 171,600 tons at 
yearend, including refined lead, lead in 
antimonial lead, and lead in alloys, was 
1996 less than in 1975. 

The downtrend was virtually all reflected 
in producer stocks, which dropped 
i a low of 43,716 tons in December from a 
peak of 92,034 tons recorded in February. 
The decrease was primarily in holdings of 
refined pig lead, which declined 36,844 tons 
to a low of 39,869 tons at yearend. Lead in 
antimonial lead, base bullion, and ore and 
matte also contributed to the lower stock 


figures and collectively were 15,145 tons 
less than the comparable 1975 total. The 
largest drop in primary producer stocks, 
other than refined pig lead, was attributed 
to lead contained in ore and matte, which 
fell to 54,140 tons, a decline of 14,369 tons 
from that of 1975. 

Consumer and secondary smelter stocks 
of lead in all forms declined slightly in 1976 
to 129,610 tons, a drop of 3,705 tons from 
1975. Increased stocks of refined soft lead, 
alloys, and lead in copper-base scrap were 
more than offset by a drop in antimonial 
lead to 34,106 tons, a reduction of 7,463 tons 
from that of 1975. 

Scrap in the hands of all consumers rose 
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about 7% to 101,670 tons. Reduced in ven- 
tories of soft and hard lead were more than 
offset by gains in all other categories. The 
increase was in drosses and residues 

which rose by 4,889 tons to 36, 737 tons. 
Total stocks of lead in LME warehouses 
dropped about 19% to 76,058 tons during 
1976. The decline from 94,467 tons in Jan- 
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uary was steady until the end of May when 
a short upturn through July indicated a 
slight recovery. However, from this minor 
peak in July there was a sharp drop to a low 
of 70,878 tons in late October. Slight gains 
in inventory continued into December when 
the stocks began to drop again ending the 
year on a definite downtrend. 


PRICES 


The U.S. producer price for common and 
corroding-grade pig lead as reported by 
Metals Week on a nationwide, delivered 
basis, was 19.0 cents per pound through 
March 9, 1976. Effective March 10, 
ASARCO raised its price to 20 cents per 
pound. Several other producers quoted a 2- 
cent increase to 22 cents per pound on the 
same day. On April 14, St. Joe Minerals 
raised its quotation by 2 cents, to a level of 
23 cents per pound. St. Joe was quickly 
followed by all producers with the exception 
of ASARCO, which announced an increase 
of 1.5 cents to 22.50 cents per pound on 
April 15. The split price prevailed through 
.May 18, when ASARCO declared an in- 
crease of 0.5 cent per pound, which estab- 
lished all producers at the 23-cent-per- 
pound level. During July there was a series 
of price changes, and on July 12, the produc- 
er price was established in a split range of 
24.50 to 25.00 cents per pound, where it 
Stayed until September 30. On September 
30, St. Joe Minerals increased its lead price 
by 1 cent to 26 cents per pound. The other 
producers followed this move on October 2, 
resulting in a split price of 25.50 to 26.00 
cents per pound which was maintained 
through the remainder of the year. 


The cash bid price for lead on the LME 
during the first quarter ranged from 15.2 to 
17.4 cents per pound in terms of US. 
currency. The average parity margin was 
8.1 cents per pound for the period, indicat- 
ing that foreign lead could be shipped 
competitively to the United States. How- 
ever, in the period covering March through 
July the LME quotations rose more rapidly 
than the U.S. producer price and the mar- 
gins narrowed accordingly. The low price 
during this period was 20.6 cents per pound 
and the high was 23.12 cents per pound with 
a corresponding average difference of 1.2 
cents per pound. At this level the cost of 
freight, duty, brokerage, and profit would 
not permit the movement of foreign metal 
to the U.S. market. In August the tradition- 
al spread reappeared with the price at 21.8 
cents per pound where it remained relative- 
ly unchanged through the remainder of the 
year. The average marginal parity for this 
5-month period was about 3.9 cents per 
pound. The average annual price for lead on 
the LME in 1976 was 20.46 cents per pound 
(based on a monthly average Sterling ex- 
change rate of 180.542 cents) compared with 
the 1975 price of 18.73 cents per pound 
(basis a Sterling exchange rate of 222.15 
cents) 


FOREIGN TRADE 


Exports of lead metal, lead alloys, and 
lead in scrap materials in 1976 totaled 
52,160 tons, 26% less than in 1975. Metal 
and alloy exports were reduced substantial- 
ly but scrap exports at 46,883 tons were 
down only by 6% and continued to repre- 


sent a significant outflow of lead. Canada 
received about 3396 of the total exports of 
metal and scrap, Venezuela received 1096, 
Taiwan 9%, Mexico 8%, Brazil 7%, and 
about 32 nations divided the remainder. 
Shipments of lead and zinc concentrates 
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continued to move overseas, but no statisti- 
cal division between lead and zinc was 
available. The gross weight of concentrates 
was 148,787 tons valued at $28.9 million. 
Belgium and West Germany together 
received 5996 of the shipments by weight. 
Export of gasoline antiknock additives 
containing tetraethyl lead or tetramethyl 
lead was estimated to contain 28,000 tons of 
lead valued at $86.5 million based on trade 
data from the Bureau of the Census. 
General imports of lead, comprising 
148,266 tons of metal, 76,865 tons in ores 
and concentrates, and 4,418 tons in scrap, 
totaled 18% more than in 1975. Imports of 
ores and concentrates for consumption to- 
taled 88,988 tons, almost twice those of 1975, 
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reflecting increased withdrawal of material 
from bond. The principal source countries 
were Honduras, Peru, Australia, Mexico, 
and Canada. Imports for consumption of 


metal were 45% over those of 1975 re- 


versing the declining trend of previous 
years. Source countries for metal imports 
were Canada 33%, Mexico 32%, Yugoslavia 
14%, Peru 1496, Australia 1% and others 
6%. | 

Basic tariff rates remained unchanged in 
1976 at 0.75 cent per pound of lead in ore 
and concentrates and 1.0625 cents per 
pound on bullion, metal and dross for most 
favored nations. The statutory rate of 2.125 
cents per pound for other nations remained 
in effect during 1976. 


WORLD REVIEW 


World mine production of lead in 1976 
declined for the third year to 3.70 million 
tons, about 1% down from production in 
1975. Smelter production, on the other 
hand, increased by 496 to 3.79 million tons 
and refined lead consumption reported by 
the World Bureau of Metal Statistics rose 
by 996 to 4.69 million tons. 

. Mine production in 1976 by market econo- 

my countries totaled 2.68 million tons, 3% 
less than in 1975. Smelter production in 
market economy countries, limited to pri- 
mary metal where information was avail- 
able, was 2.78 million tons, a 3% gain over 
that of 1975. The mine production of cen- 
trally planned economy countries, except 
Yugoslavia, was estimated at 1.02 million 
tons and smelter production at 1.06 million 
tons with a small part of the assigned 
smelter production coming from secondary 
sources. These estimates indicated a slight 
increase, less than 1%, from those of 1975. 

The United States was the leading coun- 
try in lead mine production and accounted 
for 16% of the world total. Other countries 
producing significant percentages of the 
total were the U.S.S.R. 1496, Australia 12%, 
Canada 8%, Mexico 6%, Peru 5%, Yugosla- 
via 4%, North Korea 4%, Bulgaria 3%, and 
the People’s Republic of China 3%. The 
United States was also the leading producer 
of refined lead followed in order by the 
U.S.S.R., Australia, Japan, Mexico, Canada, 
France, Yugoslavia, Bulgaria, Belgium, 
West Germany, and the People's Republic 
of China. The smelter outputs assigned to 
Bulgaria, France, and Yugoslavia may in- 
clude recovery from secondary sources. 


Total world consumption of refined lead 
in 1976 was reported by the World Bureau 
of Metal Statistics as 4.7 million tons, 9% 
more than in 1975. This total includes some 
secondary lead, but excludes remelted pig 
lead and remeited antimonial lead. If all 
secondary metal consumption were includ- 
ed, the world total would be in the range of 
5.8 to 5.5 million tons. The United States 
was the leading consuming country using 
1.5 million tons and accounting for 2190 of 
the total. 

Australia.—Mine production of lead, 
439,000 tons in 1976, was 2% less than in 
1975. Australia retained its position as the 
third ranking source of lead in ores and 
concentrates. The combined production of 
refined lead and lead bullion, 378,000 tons, 
was 10% over that of 1975 making Austra- 
lia third in lead metal production. 

The lead dumping case against Austra- 
lian and Canadian lead producers, started 
in 1978, was reviewed by the U.S. Inter- 
national Trade Commission early in 1976. 
In April, the Commission found in favor of 
the foreign producers with a ruling that 
allowed them to make less than fair value 
sales as long as there is no injury to 
domestic industry. This encouraged refined 
lead imports from Australia to increase 
from none in 1975 to 6,123 tons in 1976. . 

Australian Mining and Smelting Ltd., St. 
Joe Minerals Corp., and Phelps Dodge Corp. 
reached an agreement for the development 
of a zinc-lead-copper deposit in the Wood- 
lawn area of New South Wales. Drilling 
indicated 10 million tons of ore averaging 
9% zinc, 3.5% lead, 1.8% copper, and 56 
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grams of silver per ton of ore. 

North Broken Hill Ltd. continued to pros- 
pect a possible extension of its orebody and 
diamond drill holes showed encourag- 
ing results. 

Bolivia.— The three mine groups in Boliv- 
ia, Corporación Minera de Bolivia 
(COMIBOL), the medium miners, and the 
small miners, combined to produce for ex- 
port over 18,000 tons of lead in concentrate 
in 1976. COMIBOL was the main producer 
with 68% of the total production mainly 
from the Tatasi and Telemayu mines. Plans 
to construct a lead-silver smelter were 
advanced with the intention of asking for 
supplier bids in 1977. The project was to cost 
$110 million with an estimated capacity of 
24,000 tons of lead per year and was to be 
located near Potosi in southern Bolivia. 

Canada.—Mine production of lead, as 
recoverable content of ores, was 283,000 
short tons in 1976, a reduction of 25% from 
1975 production and the lowest level of lead 
mined in 12 years. Production of primary 
refined lead was 193,000 tons, a 2% increase 
from output in 1975. Production of sec- 
ondary lead was about 37,000 tons, slightly 
more than in 1975. 

Lead in Canada was mined as a byproduct 
or coproduct of zinc, copper, or silver, and 
production was depressed as the output of 
zinc and copper was scaled down to suit 
market conditions. Canadian consumption 
in 1976 was estimated to be 69,000 tons of 
primary and 39,000 tons of secondary lead, 
an increase of 10% from 1975. 

Exploration continued in Canada on sev- 
eral base metal deposits containing bypro- 
duct or coproduct lead. In New Brunswick, 
Canex Placer Ltd. was developing its Resti- 
gouche and Murray-Brook properties, An- 
aconda Canada, Ltd., continued feasibility 
studies on the Caribon property, and 
Texasgulf Inc. continued diamond drilling 
at Half Mile Lake, but the exploration shaft 
was deferred because of poor metallurgical 
test results. In Yukon Territory, develop- 
ment work continued on the Grum deposit 
with Kerr Addison Mines Ltd. and Canad- 
ian Natural Resources Ltd. concluding a 
feasibility study looking toward a decision 
on the next step in 1977. Canex Placer Ltd. 
had a joint project with United States Steel 
Corp. drilling the Howards Pass deposit, 
and Hudson Bay Mining and Smelting Co. 
Ltd. was exploring and drilling the Tom 
deposit through an adit. Vangorda Mines 
Ltd. at Vangorda Creek conducted a feasi- 
bility study which indicated that pro- 
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duction would probably depend on devel- 
opment of the nearby Grum deposit. In the 
Northwest Territories, Cominco Ltd. com- 
pleted its underground work and feasibility 
study at Arvik on Little Cornwallis Island 
and future production was to depend on the 
results of negotiations with the Federal 
Government. Texasgulf Inc. continued work 
at Izok Lake, 225 miles north of Yellow- 
knife, with drilling on three separate zones 
indicating over 12 million tons of ore grad- 
ing 13.77% zinc, 2.8% copper, and 1.4% 
lead. 

Mine production of lead (recoverable con- 
tent) came from eight provinces and territo- 
ries, the four major sources being British 
Columbia—98,000 tons, New Brunswick— 
68,000 tons, Northwest Territories—60,000 
tons, and Yukon—42,000 tons. Major mine 
producers of lead in concentrate were Co- 
minco’s Sullivan mine in British Co- 
lumbia—85,000 tons, Cominco’s Pine Point 
mines in Northwest Territories—60,000 
tons, Brunswick Mining and Smelt- 
ing Corp. Ltd. Bathurst mines in New 
Brunswick—40,700 tons, and Cyprus Anvil 
Mining Corp. mine at Faro, Yukon—36,500 
tons. 

Metal production came from two smelt- 
ers. The Cominco smelter at Trail, British 
Columbia produced 142,000 tons and the 
Brunswick Mining and Smelting Corp. 
plant at Belledune, New Brunswick, pro- 
duced 51,400 tons of lead. Brunswick is a 
subsidiary of Noranda Mines, Ltd. | 

Greenland.—The Black Angel mine in 
west Greenland was operated by Greenex 
AG, a subsidiary of Vestgron Mines Ltd., 
and produced 157,000 tons of zinc concen- 
trate and 42,000 tons of lead concentrate 
from 663,000 tons of ore assaying 14.7% zinc 
and 5.290 lead. Cominco Ltd. holds a 61.596 
interest and Northgate Exploration Ltd. a 
9.696 interest in Vestgron. 

Ireland.—Tara Exploration and Develop- 
ment Co. Ltd. at Navan, County Meath, 
planned to begin production of zinc and lead 
concentrates early in 19777. Tara is owned in 
part by a consortium of mining companies: 
Noranda Mines Ltd. 19.98%; Cominco, Ltd. 
17.4396; Charter Consolidated Ltd. 10.7596; 
Northgate Exploration Ltd. 9.9%; and the 
remaining interest is held by the Irish 
Government and other private investors. 
The mine was expected to produce about 
500,000 tons of concentrates per year in the 
ratio of 5 parts of zinc to 1 part lead. 

Bula Ltd., controlling the northern part 
of the deposit at Navan, planned to begin 
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construction of its separate concentrator in 
1977. The Tynagh lead-zinc-silver mine in 
County Galway, owned by Irish Base Metals 
Ltd., continued production of concentrates 
in 1976. A total of 27,000 tons of lead 
concentrate and 26,000 tons of zinc concen- 
trate were shipped to European smelters. 
Kerr Addison Mines Ltd. acquired a 75% 
interest in the Silvermines property in 
County Tipperary (formerly Mogul of Ire- 
land Ltd.) in March 1976. The Mogul or 
Silvermines mine produced zinc and lead 
concentrates containing 54,760 tons of zinc 
and 14,870 tons of lead (metal content). 

The total lead production in Ireland in 
1976 was estimated to be 35,000 tons. 

Japan.—Production of refined lead in- 
creased by 13% to over 241,000 tons in 1976 
as better demand developed from the au- 
tomobile and construction industries. A 
strike at Cyprus Anvil Corp. in 
Yukon, Canada, forced Toho Zinc Co. Ltd. 
purchase metal and concentrates elsewhere 
to keep its lead plant operating. The do- 
mestic mine production of Japan was about 
57,000 tons of lead in concentrates, one- 
fourth of total metal requirements. The 
Ministry of International Trade and Indus- 
try (MITT) planned to begin a stockpile of 
nonferrous metals including lead. The ob- 
jective for lead was 9,900 tons but no pur- 
chases were scheduled for 1976. Japan, 
often an exporter of lead, imported 35,000 
tons in 1976 against exports of 9,500 tons. 

Mexico.—Regulations fulfilling the Min- 
ing Law of 1975 were issued in November 
1976. A compromise was reached in nego- 
tiations between the Government and Ca- 
mara Minera de Mexico (CMM) represent- 
ing the private mining firms in Mexico. If 
these regulations were strictly enforced, 
Government ownership or participation in 
mining enterprises would increase, entry of 
foreign capital would be permitted only on a 
minority basis, and expansion by private 
enterprises could be limited. 

During 1976, Industrias Pefioles S. A. 
announced plans to market about 4020 of its 
refined lead production in the United 
States. The new silver-lead refinery at Tor- 
reon was completed in January but startup 
problems prevented normal production un- 
til late in the year. 

Industrial Minera Mexico S.A. (IMM) 
completed the modernization of three of its 
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major mines increasing its capacity to pro- 
duce lead- zinc ores. During 1976 it produced 
96,800 tons of lead metal from the smelter 
in Chihuahua and refinery in Monterrey. 

Until recently Mexico was a source of 
lead concentrates and flue dusts imported 
into the United States, but in 1975 and 1976 
practically none appeared in general im- 
ports. On the other hand, lead imported in 
pigs and bars was 44,290 tons in 1976, a 49% 
increase over imports in 1975 representing 
2190 of Mexico's total lead metal production 
in 1976. 

South Africa, Republic of.—The Republic 
of South Africa produced only a few thou- 
sand tons of lead concentrate from the 
Prieska mine in 1976. However, exploration 
at the Broken Hill and Black Mountain 
holdings of the Phelps Dodge Corp. near 
Aggeneys in northwest Cape Province 
disclosed ore reserves that could make 
South Africa a substantial lead producer. 
Reports indicated that Broken Hill reserves 
were over 79 million tons of ore averaging 
0.3896 copper, 4.28% lead, 2.32% zinc, and 
1.7 ounces of silver per ton; Black Mountain 
contained 30 million tons averaging 0.60% 
copper, 2.30% lead, 0.5% zinc, and 0.78 
ounce of silver per ton. Most of this tonnage 
is amenable to open pit mining. À feasibility 
study indicated that the project could pro- 
duce 145,000 tons per year of lead concen- 
trates within 3 or 4 years if transportation 
and water supply facilities can be arranged. 

Yugoslavia.—Exploration for new mines 
and expansion of existing lead-zinc mines 
was planned as part of a program designed 
to double 1975 production of lead raw mate- 
rials by 1980. The aim of the program was to 
eliminate the need for imports of concen- 
trates to keep Yugoslavian smelters pro- 
ducing at capacity. À new lead mine was 
brought into production late in 1976 and 
expansion continued at three other mine- 
mill units. During 1976 about 18 mines and 
14 flotation plants were producing. Two 
lead smelters, one lead refinery, and one 
lead-zinc Imperial smelting furnace were in 
operation. Exports of lead from Yugoslavia 
to the United States totaled 19,944 tons, 
16% of Yugoslavia's total refined lead pro- 
duction. Trepca was the largest lead-zinc 
producing entity, operating the Stari Trg 
mine and lead smelter and refinery at 
Zvecan. 
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TECHNOLOGY 


Much of recent technological progress 
with respect to lead was related to the 
solution of environmental problems includ- 
ing control of toxic emissions from smelt- 
ers and the treatment of solid and liquid 
wastes from mines and mills, foundries, and 
lead fabricating plants to reduce or elimi- 
nate health hazards. 

The Bureau of Mines began to evaluate 
the economic feasibility of its newly devel- 
oped hydrometallurgical process for ex- 
tracting lead, zinc, and associated metals 
from sulfide mineral concentrates in a con- 
tinuous pilot plant operation. The process, 
which uses a ferric chloride-brine leach and 
fused-salt electrolysis procedure to recover 
lead from galena concentrates, produces 
metallic lead without generating sulfur ox- 
ides and minimizes the emission of lead 
vapors. 

Several direct smelting processes for 
treating lead concentrate to preduce metal- 
lic lead and slag have been developed in 
recent years to the pilot plant stage. These 
processes offer several potential advantages 
over blast furnace smelting by eliminating 
the sintering operation, reducing fuel re- 
quirements due to the use of exothermic 
heat of smelting reactions, and producing a 
richer SO, gas than is obtainable with 
sintering. One of these processes, the Q-S 
process being tested by St. Joe Minerals, is 
based on autogenous flash oxidation of the 
lead concentrate followed by submerged 
oxygen injection into the bath in a long 
reactor vessel. Lead is recovered as PbS, 
which redissolves in the bullion under the 
slag. The process produces bullion and SO, 
in such concentrations that air pollution 
can be minimized. In a further development 
of the Q-S process by Lurgi GmbH, designa- 
ted the QSL lead recovery process, pelletiz- 
ed concentrates are continuously charged 
into a reactor in which injected oxygen 
produces rapid melting due to intense oxi- 
dation. Lead metal is recovered with a slag 
low in lead for rejection to waste. Reported 
advantages of the process include lower 
capital investment, less unit equipment and 
lower operating costs compared with con- 
ventional processes.! 

The Kivcet-CS process for treating lead 
sulfide concentrate, developed to industrial 
scale in the U.S. S. R., combined the 
functions of sintering, blast furnacing and 
slag fuming in one autogenous smelting 
operation. The process is reportedly char- 


acterized by high metal recoveries, low 
environmental contamination, and low la- 
bor and capital costs compared with a 
conventional smelter.!* 

A flash agglomeration method of treating 
flue dust produced in smelting scrap auto- 
mobile batteries developed by Paul Bergsoe 
and Son Co., Denmark, reduces airborne 
emissions of sulfur and lead particulates to 
allowable limits. By a closed conveyor, flue 
dust from the baghouse hopper is transport- 
ed directly into a flash agglomeration fur- 
nace, forming a molten slag which is tapped 
from the furnace and allowed to solidify. 
The agglomerated material is recycled to 
the smelter furnace with no flue dust leav- 
ing the system, thus minimizing health 

associated with toxic substances 
contained in the dust. 

Significant progress was made in devel- 
oping lighter weight, more efficient lead- 
acid batteries in an effort to improve the 
power-to-weight ratio and expand the mar- 
ket for these batteries in the field of trans- 
portation. Notable advances were made to- 
ward increasing the oxide-to-metal ratio 
and improving grid patterns. New grid al- 
loys were developed through research that 
give promise for use in longer life main- 
tenance-free batteries. Some of the newer 
alloys contain such elements as strontium 
and cadmium in addition to those that 
contain calcium, tin, and antimony." 

Hecla Mining Co. in cooperation with the 
Bureau of Mines developed a technique of 
destressing blasting to reduce rock bursts in 
the Star mine, The combination of mining 
depth, rugged surface terrain, and geologi- 
cal conditions has imposed high residual 
horizontal stress in the rocks which, 
influenced by mine openings and rock com- 
position, creates a favorable environment 
for rock bursts. Guided by seismic monitor- 
ing the destressing blasting consists of dril- 
ling long holes into vein walls and blasting 
to relieve stress on walls ahead of stopi 


12Matyas, A. G., and P. J. Mackey. Metallurgy of the 
15 melting of Lead. J. Metals, November 1976, 


PP 
13Muller, E. How Kivcet CS Shaft Furnace Simulta- 
neously Smelts Pb-Zn. World Mining, v. 30, No. 4, April 


1977, pp Er 
. Smelting of Unbroken 
. Meeting, AIME, Atlan- 


io, i a An Auto Manufacturers’ 
Market. Convention "TI. “ Bette 


**World Mining. Dest — Vein Walls in Star Mine 
To Minimize Rock Burst. V No. 6, το. 1977, p. 45. 
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Table 2.—Mine production of recoverable lead in the United States, by State 
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(Short tons) 

State 1972 1973 1974 1975 1976 
Alaska ___________________ -... "m 6 m" UN 14 
Arizona 1,763 763 1,059 420 888 
California ____________________ 1,153 44 85 66 54 
Colorado 31, 346 28,112 24, 609 27, 088 26,149 
Idaho. o es ß er Ue e 61,407 61,744 51,717 50,395 53,636 
Illinois : 1 493 W W 
Kentucky -.....-.--..----------.-.-- - .. = _ = (1) e" 
Maine 864 216 
Missouri _____________________ 489,397 487,143 562,097 515,958 500,991 
Montana _____________________ 287 176 154 205 92 
JJ ĩð2³r ROAD (ὦ) τ. 1,785 2,916 582 
New Mexico ___________________ 3,582 2,556 2,364 1,931 W 
New York ... ~~ 2 2 —2E2 1,089 2,304 3,076 3,027 3,196 
Oklahoma ____________________ e on E W 
) 0 2 Z= x um n 8 ET NS e e 
i ee 20,706 13,733 10,510 12,679 16,297 
Virginia Kk 3,441 2,637 3,106 551 1,946 
Washington ------------------- 2,567 2,217 1,299 W W 
Wisconsin ____________________ 157 844 1,285 W W 
Other States ___________________ RON s 2 8,804 5,485 
Total zu ð ee 618,915 603,024 663,870 621,464 609,546 


W Withheld to avoid disclosing individual company confidential data; included in “Other States.” 


Less than 1/2 unit. 


Table 3.—Production of lead and zinc in the United States in 1976, by State and class of 
ore, from old tailings, etc., in terms of recoverable metal 


(Short tons) 
Lead ore Zinc ore Lead-zinc ore 
Gross š Gross e Gross š 
State À Lead Zinc À Lead Zinc ; Lead Zinc 
N con- con- poo con- con- "r s: con- con- 
s hd tent tent et A tent tent Mer de tent tent 
Alaska aa 78 14 ee m oe men SR p Ha 
Arizona 213 11 1 -" ares ee 1,100 45 114 
California — a = 2,3 46 164 m n s 
Colorado 206 13 Er 178,945 1,658 12908 521,216 15,244 24,161 
Idaho 187,733 19,461 2,315 (1) (1) () 1,129,543 33,080 42,061 
Kentucky C MN PE: S == ms = "s in 
Maine ΜΝ eds MN EX Hm s EM = EST 
Missouri ........ .. . . --- 8,657,845 500,991 83,530 ae ΠΗ "t ER ER TR 
Montana.. 488 28 5 35 EUR 1 tae = n 
Nevada _____________ Et an SPA 8,300 33 320 77,450 516 1,110 
New Jersey .-------—- ΚΚ m ERN j — 88,161 σα ΕΠ ΗΝ 
New Vork Ne PNE TUM 1,239,456 3,196 73,671 m mM BRA 
ennsylvania _________ c n NE 21, ΜΡ 280 PM = 2 
Tennesse St -- AN 8,125,452 — 178, 218 I i M 
Uth ο vr 22 8,621 571 e are s n 366,140 15,720 22,481 
Virginia ἘΝ ΕΚ ἘΠ 522,443 1946 11,241 ΝΗ E im 
Other States 150 11 m 581,808 3,126 22,164 880,581 2,087 12,793 
otal clc 8,850,884 521,106 85,851 6,387,706 10,005 254,734 2,476,080 66,642 108,820 
Percent of total 
Zinne — 85 18 — 2 53 a 11 21 
Copper-lead, copper-zinc, 
and All other sources® Total 
copper-lead-zinc ores 
Gross : Gross : Gross 5 
: Lead Zinc : Lead Zinc À Lead Zinc 
“a con- con- "S con- con- N con- con- 
bee tent tent a tent tent D tent tent 
Alaska _____________ S το. " -— Επ FUN 78 14 UN 
Arizona 90,278 -— 9350 65, 269, 628 282 36 65, 361,219 338 9,501 
California es c — 3,774 8 6 6,074 54 170 
Colorado 361,250 7,143 11,940 197,860 2,691 1,012 1, 259,477 26,749 50,621 
Oho Se Tu C (!) (!) (5 1501618 11,095 12210 1,818,954 58,686 46,586 


See footnotes at end of table. 
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Table 3.—Production of lead and zinc in the United States in 1976, by State and class of 
ore, from old tailings, etc., in terms of recoverable metal —Continued 


(Short tons) 
Copper-lead, copper-zinc,' 
and All other sources? Total 
copper-lead-zinc ores 
State Gross Gross 

i Lead Zinc À Lead Zinc À Lead Zinc 

yo con- con- iin cen- con- 1 con- con- 

A tent tent eA tent tent A tent tent 
Kentucky ................-. 3 um 58,794 = 59 
ine.. 176,079 216 7,810 M Lr MN 176,079 216 7,810 
i FTT m Joe ew Pet wee _—_ 8,651, 500,991 88,580 
Montana... Da E = 6,380 64 58 6, 64 
Nevada ο ae ΚΗ 1,717,576 8 1,808,825 582 1,488 
New Jersey zc M PON i im ΕΠΕ zc 201, 88,761 
New York __ _ _ -- — = ἜΤ ἕν ο. -- 1,289456 3,196 73,671 
lvan ia = πμ ON E ey 521,07 — 22,280 
a 2,084,015 — 4294 MR d _. 85,659,467 82,512 

Utah. ———— m Hn a S 120 M s ,881 16,297 
Virginia ae s TS = = -- -— 1,946 11,241 
Other States 180 2 2 2,819,782 259 3,823 3, 782,446 5,485 388,782 
Total So 2,661,752 7,861 38,896 70,575,591 4,482 7,212 90,951,418 609,546 484,518 
Percent of total 

3 A 1 1 FEE 1 1 sees 100 100 


1Zinc ore, copper-lead ore, and ore from “Other sources” combined to avoid disclosing individual company confidential 
Other States includes Illinois, New Mexico, Oklahoma, Washington, and Wisconsin. 

οι and Snc recovered, e ores, aod from mill talinga and miscellaneous 
eanups. 


Table 4.—Mine production of recoverable lead in the United States, by month 


(Short tons) 
Month 1975 1976 Month 1975 1976 

January ___ _ _ _ 55,578 50879 August 48,065 50,978 
February __ _ _ 52,575 51,999 September ................--------- 50,640 9,200 
ον... ώς 58,485 57,751 October 827 49,615 

April cz EEEE E Novemberrrrr 49,019 
ώστε 53,271 50,959 ` December... .------- 50,429 
June ___ ών e 50,818 50,560 Total onec hu e 621,464 609,546 
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Table 5.—Twenty-five leading lead-producing mines in the United States in 1976, in order 


of output 

Rank Mine County and State 
1 Buick Iron, ano 
2 Fletcher Reynolds, Moo 
8 Magmont n, 0; —8 
4 Ozark _ Reynolds, Moo 
5 Brushy Creek UNE", ^ ea y ee bal teens TOUR MEN 
6 Viburnum No. 29 Washington, Mo ________ 
7 Viburnum No. 28 Iron, Boo 
9 peu rris Shoat, : Idaho 5 
----- one, Idaßoo _ _ .. -. 
10 Hil ... NEN aoe 535 
1: Star Unit 171717. 
12 Ontario Summit, Utah _________ 
18 Viburnum No. 27 Crawford, Mao 
14 Leadville Unit __ Lake, Colß/o 
15 Idarado ______ Ouray and San Miguel, Colo 
16 Burgin _ _ _ Utah, Utah g 
17 Sunnyside .... San Juan, Colo 
18 Balmat .....- St. Lawrence, N.Y _______ 
19 Ground Hog Grant, N. Menn 
20 ee. Mountain Mineral, Colo .. ... -...... 
21 Camp Bird Ouray, Colo 
22 Oreille .... Pend Oreille, Wash _ _ _ _ _ _ 
23 Austinville and Wythe, va 

oe 

24 Eagle Eagle, Colo 
25 Emper ius Mineral, Colo ............΄΄----. 


Source οἵ lead 


ἓ 


Lelrreeery 
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Table 6.—Refined lead produced at primary refineries in the United States, 


by source material 
(Short tons) 
1972 1978 1974 1975 1976 
Refined lead: 

From primary : 
ic ores and base bullion ................-----------.-.-. 511,898 567,256 580,078 530,215 568, 536 
Foreign ores and base bullio nnn 103,001 107,260 92,946 105,907 84,341 
Pw A hu m a ms 680399 674516 673,024 636122 652,877 
From secondary sources ___ _ _ -- -.-.-. -....-.-..-.. -.. -. 1,189 ore -- ος 29 
Grand total __ _ _ «„ 681,588 674,516 673,024 636,122 652,906 
Calculated value of primary refined lead (thousands)? _ _ _ _ _ _ _ $204,528 $219,757 $303,265 $273,914 $301,648 


1GSA metal is not included in refined lead production. 


Value based on average quoted price and excludes value of refined lead produced from scrap at primary refineries. 
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Table 7.—Antimonial lead produced at primary lead refineries in the United States 


; Lead content by difference 
. Antimony content (short tons) 
Year (short From From 
tons) Short percent domestic foreign From Total 
ore ore p 

1979 omatus 15,051 1,050 7.0 6,136 2,049 5,816 14,001 
190718 zx 15,455 1,167 7.5 9,020 4,208 1,065 14 
194 on 8 12,518 1,097 8.8 5,879 3,988 1,549 11,416 
1015 o2 K 6,029 567 9.4 1, 467 3,837 5, 
% AAA 6,743 780 10.8 2,814 2,828 1,871 6,013 


Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1976 


(Short tons, gross weight) 
Consumption 
— :- Stocks Receipts New Old 
| TUNE τ scrap scrap Total Dec. 31 
Smelters and refiners 
losd o cs μασ. 8,090 37,721 EO 38,842 38,842 1,969 
lead. 2,67 84, A 36,431 86,431 1,179 
Cable ledd dd 24 51,249 NE 48,073 48,073 8,900 
Battery-lead plates 54,153 689,212 ER 689,008 689,008 54,357 
common babbitt _ __ 8, -- 9 966 3,366 255 
Solder and tinny lead _______~ _ 216 10,746 MM 10,586 10, 876 
Type metals 2,389 20,116 ae 19,618 19,618 2,892 
Drosses and residues 31,848 156, 010 . 151,121 n" 151,121 86,787 
Cf ες us usah ο atus 95,249 1,008,456 151,121 845,919 997,040 101,665 
Foundries um other manufacturers: CUT NRI 
Hard lead ________________ -X ae nc zi REN 2o 
Cable lead ____________-___ nee E DIA us En σε 
Battery-lead plate Lit NE CN -- ε.α. ον 
Mixed common babbitt _ _ _ 5 6,068 ο 6,068 6,068 5 
Solder and tinny lead F ΕΞ Em mn me PEN XN 
metals _______________ s Επ TM =, MR a 
Drosses and residues ..... _ _ _ _ RN πα "as TM NES -- 
Total... 5 6,068 M 6,068 6,068 b 
All 
Soft lead 3,090 87,721 = Z; 88,842 1,969 
ead ___ us sou 2,614 34,936 EN 86,431 96,431 1,179 
Cable laub 724 51,249 ο... 48,078 48,073 3,900 
Battery-lead plates _ 54,153 689,212 ae 689,008 689,008 54,357 
Mixed common babbitt _ _ _ 160 9,594 το 9,434 9,434 260 
Solder and tinny lead ............ ....... 216 10,746 EN 10,586 10,586 876 
Type metals 2,389 20,116 ae 19,618 19,618 2,892 
Dre wes and residues 31,848 156, 010 151,121 ets 151, 191 86,731 


AA 
Grand total „4 95,254 1,009,524 151,121 851,987 . 1,008,108 101,670 
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Table 9.—Secondary metal recovered! from lead and tin scrap in the United States in 


1976, by type of product 
(Short tons) 
Lead Tin Antimony Other Total 
Refined pig lead ο... - - _ 220,953 RES LE ee 220,953 
I lead u a 8 90,057 m HE στο 90,057 
Toll ολα 8 811,010 ee SN aes $11,010 
Refined pig tin S 1,596 = =o 1,596 
Remelt tin _. ........ -.-.- -.-.-----. ae 24 πο ΕΕ 
Total ___ _ een See 8 1,620 e Ha 1,620 
Lead and tin alloys: 
Antimonial lead 341, 604 16,498 412 859,481 
nbabbitt _...._________ 11,619 487 4 
Ωθπιιἰποραδρὂίς........ .... . 59 7 1 
PP. ͤ A 24,963 4,975 21 80,017 
metals 14.545 736 1,662 1 16,944 
le lead ............. ---- 8,959 κ... LAER A 
lianeous alloys ____________ 54 4 MM 
TOM c oe 401,819 6,915 19,799 439 428,972 
Tin content of chemical products ....... ON 467 ΕΗ X 467 
Grandtotal________________ 712829 9,002 19,79 489 742069 


1Most of the figures herein represent actual reported recovery of metal from scrap. 


Table 10.—Secondary lead recovered in the United States 


(Short tons) 
1972 1973 1974 1975 1976 
As metal: 
At pri Plani eenaa 2 1,189 a e EN 29 
At other plants |... _ _ ee 172,168 186,124 238, 216 271,297 310,981 
ολ, πιω ß d 173, 357 186,124 238, 216 271,297 311,010 
In antimonial lead: 
At pri planis... 88 5,816 1,065 1,549 3,337 1,871 
At other plant - ............-.-..... -.... 840,066 374,713 369,954 311,783 340,596 
NOUR cunc κ ο LL aaa LUE 845,882 375,778 371,503 315,120 341,967 
In other alloy «„ 97,358 92,384 88,979 72,039 73,592 
Grand total: 
9 RT m PME: 616,597 654,286 698, 698 658,458 726, 569 
alue ( τος MENT tn UOS $185,849 — $213,166 $314,888 $283,531 $335,675 
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Table 11.—Lead recovered from scrap processed in the United States, by kind of scrap 
and form of recovery 
(Short tons) 
Kind of scrap 1975 1976 Form of recovery 1975 1976 
New scrap: As soft lead: 
base __ _ E 90,712 100,750 At pri plants PEN 29 
Copper- base 3, 3, At other plante 211,297 811,010 
Tin- base 250 165 Total ——— unctus 211,297 811,039 
Total.. ------------ 94,214 104,335 
Old scrap: In antimonial lead 815,120 841,967 
Mer c pae 8 417,489 461,391 In other lead alloys ss 485 59,502 
All lead- base 136.280 148, 981 co oy 13,523 14.025 
Copper basses 10,471 11,860 In tin alloyn ss 31 36 
Tin-base __ -..... - -..... 2 2 Το ας ο τά ον εως. 887,159 415,530 
Totaal 564.242 622,234 Grand total 658,456 726, 569 
Grand total 658,456 726,569 
„ 3,337 tons of lead recovered in antimonial lead from secondary sources at primary plants in 1975 and 1,371 in 
Table 12.—Lead consumption in the United States, by product 
(Short tons) 
Product 1975 1976 Product 1916 1916 
Metal products igments—Continued: 
Ammunition |... ~~~ 15,081 19,418 PET colors 10,618 16,634 
Bearing metals 12,184 i Other? ________________ 499 561 
Brass and bronze ................... 18,404 15,660 Total —. uL pulunu 79,072 105, 591 
Cable covering 22, 099 15,930 Chemicals: 
Calking lead ___________- 14,296 12,475 Gasoline antiknock additives _ - -- 208,605 239, 758 
Casting metals 7,711 6,708 Miscellaneous chemicals 181 146 
Collapsible tubes 2,216 2,329 Total z: AA 208,786 239,904 
Sf 8,205 5,126 Miscellaneous uses: 
Pipes, traps, bends |... 14,233 13,789 Annealing ....................-.....-.-.. 2,629 2,893 
led 24.859 4989 Galvanizing .............- ... - --.-. 1, 1,252 
Solder sae eu 57,344 63,324 Lead platinggg _____ 37 886 
Storage batteries: 
Battery grids, posts, etc .. 326,714 383,844 Weights and ballast ________ 20,018 22,866 
Battery oxidees 872,700 , 24.251 26,897 
Terne metal 1,511 1,595 Other, unclassified uses 21,221 32,354 
Type metal _____________ 16,211 15,007 Grand total* = πο μι REP 1,297 ,098 1,490,072 
| Total. W 963,768 1,085,326 
Pigmen 
White lead 2,498 2,993 
Red lead and litharge 65,457 85,408 


1Includes lead content of leaded zinc oxide and other pigmen 


ts 


*Includes lead that went directly from scrap to fabricated products. 
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Table 13.—Lead consumption in the United States, by month 


(Short tons) 

Month 1975 1976 Month 1975 1976 
Januar 105,091 116253 August 115,510 120,656 
February. _ _ _ _ _ _ 98,866 128,270 September Ὃ..... ........ . 122,985 127,399 
March ________________ 99,216 186,065 October _______________ 133,696 137,447 
Apri CMKH MEE 8 105,105 125,735 November 115,757 128,009 

| EETA TENTER nem RCRUM 102,255 128,381 Decemmbe r 115,323 125,152 
June 94,700 123,335 Total! ...... 1,297,098 — 1,490,072 
CVVT 88,594 108,370 


I — lead that went directly from scrap to fabricated preducts and lead contained in leaded zinc oxide and other 
pigments. 


Table 14.—Lead consumption in the United States in 1976, by class 


of product and type of material 
(Short tons) 
in ; Lead in 
Lead in 
Product Soft lead antimonial alloys 3 Total 

Metal produetisvs -- 151,652 : 41,196 11,587 262,922 
Storage batterie 461,111 357,759 : T 822,404 
too MEME "LPS 105,369 AE M 105,591 

Chemicals c ἘΠΕ 2939, 
ἰσοο]]αηθουβ............-...᾽-------... -.-.... ...-. 18,660 13,216 21 a 26,897 
Unclassified _. _ ............ -.. -... 29, 2,415 872 = 82,354 
Total i ee a 1,000,763 425,499 52,223 11,587 11,490,072 


Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide and other 
pigments. 
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Table 15.—Lead consumption in the United States in 1976, by State! 


(Short tons) 
Leed in ; Leed in 
Lead in 
State antimonial copper- Total 
soft lead lead alloys base scrap 
California 111,152 40,852 4.575 317 156,896 
Colorado . ~~ -- 221 cuts 
Connecticut _.._________________ 10,819 1,854 E 861 19,534 
District of Columbia 104 a τοὶ DON M 1 
το k sr s 2 u a Z eet 10,845 9,408 246 BON 20,499 
GONG onc ces cR ERE 65,128 29,086 738 94,957 
All wen ue 450 833 8,901 1,297 192,981 
Indiana 117, 680 35, 106 155,949 
232322. ³ xv ĩðͤ 8 1.892 18,788 68 89 782 
κι «Μαώ ώμος 6,417 9,054 2 M 15,478 
Maryland __ 581 1,679 2,053 13 
Michigan 15.451 15,656 2996 254 34.157 
ο μμ 8 21,221 11,501 1,405 1,107 85,240 
Nebraakk aaa 1.621 1,021 1,072 4,946 
New Jerez 104,179 10,886 8,346 464 118,865 
New York 2n IS 33,889 4,158 190 42,926 
ea RPM Re 88 10,593 4,974 3,872 1,623 21,062 
Pennsylvania ................-...-.-.-..-. -. -..-.. -. -. 524 58,661 10,883 1,693 169,711 
Rhode Island _________________-_ _ 8,748 E 4, 
Vi [i o oc (V0 | 12.468 1 089 527 4 
Igni cca euet ; 
Washington 7,501 2,546 n een 10,047 
West Virginia 18,144 410 x EUN 18,554 
Wisconsin _____________________ 5,714 9,909 78 283 15,979 
Alabama Mississippi: 7,121 E» 590 11,704 
Arkansas and Oklahoma ...........- 2,974 4,749 e mo 7,123 
Ha and Oregon. -- -. -.-. -- --.-.. - 10,875 7,1 ταὶ He 17,569 
Iowa and Minnesota ______________- 12,432 18,002 1,2 82,302 
and Texas _______________ 190,820 35,056 1,843 221,814 
Montana and Ida 720 mcs ct = = 720 
New Hampshire, Maine, Vermont, Delaware 10,985 12,106 638 109 28,788 
North South Carolina 16,876 12,788 -- PEN 29,609 
Utah, Nevada, Arizona -- 2 1,989 258 A 2,199 
TOL] ὃς a necs 1,000,763 425,499 52,223 11,587 1,490,072 


Ine des laad that went directly fomi surap to fabricated products and lesd Contained un esded sine exige and other 
pigmen 


«3 


Table 16.—Production and shipments οἵ lead pigments! and oxides in the United States 


1975 1976 
Shipments Shipments 
Produc- Value? Produc- Value? 
Product tion —— tion —— À— À——— 
(short pisi Aver- (short nt Ped 
tons) ns Total dd tons) ns Total er 
ton ton 
— .  — —————— saus [a 
White lead, dry ο. 3,381 3,381 748,194 $813 1640 | 1,625 $1,054,436 $649 
Red beg a KS 19,447 15095 2 505 19,608 19,296 11,146,722 578 
Lithar ge 133,528 120,475 49,073,653 407 182,172 122,462 67,190,997 549 
Black oxide 861,532 iere "να ΝΒ 392,911 ine AMA EM 


1Excludes basic lead sulfate; withheld to avoid disclosing individual company confidential data. 
3 At plant, exclusive of container. 


| Table 17.-Lead content of lead and zinc pigments! and lead oxides produced by domestic 


manufacturers, by source 
(Short tons) 
1975 1976 
Lead in ents Lead in ts 
pradticed foe produced (rom — 
Total Total 
Product Ore lead in Ore lead in 
pig- pig- 
Domee- For- lead ments Domes- For- lead ments 
tic eign tic eign 
White lead ________ -- "S 2,705 2,705 = S 1.312 1.312 
Red lead RN T 17,629 17,629 Ἐπ ΚΞ 17,775 17,775 
Lith arge ΜΕΝ EON 124,181 124,181 ΚΡ a= 122,920 122,920 
Black oxide "e tum 351,171 351,171 ae DM 374,761 374,761 
Total! um ΕΕ 495,686 495,686 TUN δε. 516,768 516,768 


ποι lead in basic lead sulfate and leaded zinc oxide; withheld to avoid disclosing individual company confidential 


Table 18.—Distribution of white lead (dry and in oil) shipments, by industry 


(Short tons) 

Industry 1972 1978 1974 1975 1976 
πι ee a 6,768 3,198 ots UE Lr 
Ceramias D 81 18 = nee Aw 
βλ απών 88 8,267 6,828 5,905 8,381 1,625 

TOUR onus LE Lom ee D tet 10,066 9,544 5,905 8,381 1,625 


1Excludes basic lead sulfate; figures withheld to avoid disclosing individual company confidential data. 


Table 19.—Distribution of red lead shipments, by industry 


(Short tons) 
Industry 1972 1973 1974 1975 1976 
PaItg;u c a T; %¾ . u EL LEE 4,909 6,509 5,344 4,552 7,071 
Storage batteries __ _ _ - ... --.-...-.-. ....... W W W W W 
Other 2. p. a emu | 14,864 9,514 7,946 10,543 12,225 
/ ³Ü0˙)i. ⅛ð d ο uu usus AS 19,773 16,023 13,290 15,095 19,296 


W Withheld to avoid disclosing individual company confidential data; included with Other.“ 
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Table 20.—Distribution of litharge shipments, by industry 


(Short tons) 
Industry 1972 1973 1974 1975 1976 
Ceramics ______________.____- 28,188 85,910 46,598 38,941 32,800 
Insecticides ..................................... w W W W Ze 
Oil refininngg 1,262 620 765 W W 
Punt. ee 7,316 3,112 5,947 8,248 8,954 
hl 8E 2,162 5,07 ,490 5,850 9,820 
Ola. v re ecce 113,694 134,424 102,245 77,436 77,988 
Total ------------------- 147,622 179,144 161,445 120,475 122,462 
W Withheld to avoid disclosing individual company confidential data; included with ”Other.“ 
ο 
Table 21.—U.S. imports for consumption of lead pigments and compounds 
1975 1976 
Kind Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
White lea 159 $160 134 $156 
Red leu 448 180 881 386 
eee αμ αμα 12,011 4,449 13,694 5,662 
Chrome yellow ........ ...-------------- 2,473 2,437 2,747 2,985 
Other lead pigments _____________ 36 60 91 93 
Other lead compounds 210 184 289 230 
TTT a 15,837 7,410 17,836 9,462 


Table 22.—Stocks of lead at primary smelters and refineries in the United States, Dec. 31 


(Short tons) 
Stocks 1972 1973 1974 1975 1976 
Refined pig lead 5 60,840 22,018 84,116 76,713 89,869 
in antimonial lead |... 8,626 4,062 8,138 4,560 8,847 
Lead in base bullion -.-. 11,514 8,845 5,492 6,748 6,687 
Lead in ore and matttttt 69,593 54,922 78,305 68,509 54,140 
r.! :!:! 145,573 89,847 121,051 156,530 104,543 


Table 23.--Stocks of lead at consumers and secondary smelters in the United States, 


Dec. 31, by type of material 
(Short tons, lead content) 
Lead in ; Lead in 
Year e oe pire τ veas Total 
P 
1912 nono eee 74,161 36,157 6,977 1,249 118,544 
]9T18 ο ⁵⅛ . Sus 274 6,9 667 124,121 
pg L Z 8 106,245 49,504 9,628 1,212 ; 
1971522 εώς ο tate E 85,110 41,569 5,059 1,577 133,315 
ποιο 8 87,774 : 6, 1,730 129,610 
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Table 24.—Average monthly and yearly quoted prices of lead! 


(Cents per pound) 
1975 1976 
Month U.S. London U.S. London 
producer arse producer Pare 
Januar; 444 24.50 24.38 19.00 15.24 
FODFÜURF) παπα σωμα estia ντος 24.50 24.55 19.00 15.80 
εν ο ο : 24.50 .62 20.22 17.86 
Apri] nno. th ee ee 24.50 21.73 21.93 .61 
Nor lee ³W¹ ͤ de κ ρα E 23.94 19.11 22.88 21.85 
Spo detecte ο εν ως RN 19.00 15.99 23.00 21.60 
July RE τς ολο ο ὡς ne RE σολ. 19.00 16.21 24.25 23.12 
Aurit — —— ⁵i⅛˙. ð³² ne es 19.56 17.88 24.16 21.83 
E cer a ee Satanaspas 20.00 16.33 24.83 21.75 
October τι d u no cu p qa 20.00 15.62 25.16 21.06 
November -................ ..- -..........- 22- 20.00 15.27 25.79 20.81 
Dll 88 19.46 15.10 25.82 21.66 
Average ___ _ ecu ας ee 21.58 18.78 23.10 20.46 
1Metals Week. Quotations for United States on a nationwide, delivered basis. 
Table 25.—U.S. exports of lead, by country: 
1975 1976 
Destinati Quantity Value Quantity Value 
m (short ( - (short (thou- 
tons) sands) tons) sands) 
K: it lead and lead alloys m $17 
ium-Luxembourg _____________-________ 4,381 1,693 1 1 
Brágh-.-——--———— cu a Lec cA t 8 2 
προς το . ος LL S as 512 155 516 279 
CB ß t 90 18 22 
Colombia __ ο ² 837 174 a -- 
Dominican Republica „ 88 42 51 27 
e, ß ß cil MN = 14 8 
οὐ sp Ep vr a πμ μι ών 111 72 He xs 
πιο μμ οσα (V 1 1 (3 1 
Germany, West ............-----.-------.---------------------- 124 80 23 15 
(ils. m L ³·Ü.¹ ͥ⁰⁰⁰ ⁰yd ισα ανα A E ζω] 1 
Honduras DETUR ag ĩ ο τος σος 8 8 j , 
VF 86 17 83 50 
C7Ö;' x. E S c 43 22 21 12 
e ERREAL SAADE RIEA 169 174 191 127 
rea, J)) 0 T RR Ds 
ασ ο τον ο k A 8 196 95 1,005 542 
Netherlands 10,455 4,867 ae "— 
P | MR BUD EID μισο σπα ο sapa 22 6 2 
Fill. ος a δις 40 83 69 49 
Singapore. ß εκ ma (3) (5) 8 
South Africa, Republic ol!!! 111 88 ΚΗ οὖ. 
TAIWAN o a e. 165 197 8 11 
VVV 5 i 1 1 
IL ο οσα 118 261 78 143 
United Kingdom |... _ c2 2222-2 87 103 50 89 
Venezuela ............... -.............------ -.-.-.-.-.-..--.-.-.. - 867 36 405 220 
ö cu i ei πο ον 34 TT 233 201 
κι εκανα EU E 18,888 8,850 2,850 1,868 
Wrought lead and lead alloys: 
A / ET NEE ERRORES SEEN 11 49 123 
νι οι αλλ θα le Wop) oe TT 23 22 18 20 
Belgium Luxembourg 534 234 607 171 
Ero ⁵ κ μαμα 143 446 à 26 
ποσο ο κο N A 508 1,088 636 
Colombia _ — — -—----------------------———— 50 57 2 4 
Costa Rica ĩ˙ n . cay L a 15 93 12 114 
Do tt ee ce 18 28 3 4 
Dominican Republic ...... ............. -.-.- -....--.--.---. 30 51 16 63 
J)) δν AAA te eie aaa e 41 55 40 88 


See footnotes at end of table. 
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Table 25.—U.S. exports of lead, by country! —Continued 


1975 1976 
Destinati Quantity Value Quantity Value 
kë (short (thou- (short (thou- 
tons) sands) tons) sands) 
Wrought lead and lead alloys: —Continued 
ολλ εις SENE say ³·¹ ERI E RERO 10 $44 48 $79 
Germany, West __  _ _ -.-.-.-.-.-.-..---.-..-.-. 146 206 29 189 
G v es ατα, 53 51 137 123 
Hong RonzgzgzgzzzE z 2 4 ê) 4 
WAN nl E te ee ee ρώσος 46 36 8 6 
ö lnc ue ο ατα Lee ns 8 4 T" EUM 
J CR AE E 2 mD 8 40 52 82 85 
JEBIDAICE d LLL LU NIA eR E 2 1 2 5 
e . UL eter nef 44 109 46 166 
Korea, Republic oůfffff l2l2- 10 7 99 53 
Leeward and Windward Islands SMS UM 49 51 
αι ο ο ⁰⁰y0¼d: 88 161 348 165 407 
Netherlands ___._____________~____________ 53 79 32 18 
In 20 56 " 8 
ο ο τν 5 7 5 UUN 3 13 31 36 
Sweden .—— ⁰0Sm -!: . 8 27 87 24 85 
Taiwan- u ασ boh ß 16 74 95 228 
United Kingdom .. _ _ _ . - 126 268 58 120 
Venezuela ue loud nn sue Ped 186 284 97 154 
% ͥͥͥ ͥ ⁰Aͥlſwæꝑꝑddd Lue. UU LA Lr eor 5 77 m res 
a esta eat ee ane EE, oe E PESOS 161 845 229 418 
Total. ος ell y es 2,868 3,691 3,027 8,452 
p: 
Belgium- Luxembourg 1,535 335 993 402 
Bran 2-5 x EL νεος 1,7 411 8,168 860 
HEIN a METRO Cd ECCO POMPE 16,798 2159 15,804 2,679 
E n nolle ud ax ,816 52 1,798 661 
Germany, Wett „ 317 170 2,877 714 
νι occu once enm ιαπ μμ μμ μα 855 4 UE -- 
Henne x ore 8 
j M as es te A ek 128 95 1,819 470 
3 J½½! y ĩ NC PUR 200 48 ERN EM 
J RR ETUR UU ORUM RN PUEROS QN NOR 1,228 328 1,512 691 
Korea, Republic se — 2,397 316 3 es πο 
Mexico ________________________________ 2,814 609 2,833 493 
Netherlands E ον ο 8 icit 1,006 844 187 
Singapore _____________________________ 109 14 i s 
South Afr Africa, Republic of ...--..--------------------- 2,115 563 Roe Rot 
ari 2 ih aN ⁰ 8 1 815 205 
BIWAD uo ñ ⅛ ³ ͤ Q•. i . cA ee tke 4, 883 911 4,671 1,007 
Ii lll. SET ETNA 446 79 Εν PN 
Cͥã ò ĩVLw% » vd. ώς 2, 445 αἱ E 
United Kingdom ....... ~~~ 1,452 627 945 470 
enezuela .......................... -.-.-.-.-.-.-.-.-.-..-.---.-. 2,974 625 4,805 1,209 
ολ μασ d LS 105 95 519 205 
Total... on % ¹i ³˙¹w 49,951 10,063 46,888 11,539 
Grand toal u erue 8 7127 2104 52760 16859 
1In addition foreign lead was as follows: 1975—Un t lead and lead alloys, 218 tons ($12,770); hg 
lead and lead alloys 18 ooe 18 2800 and 1976—Unwrought lead and lead alloys, 859 tons ($793,941), wrought lead 
lead alloys, 12 tons ($11,724 
Less than 1/2 unit. 
Table 26.—U.S. exports of lead, by class 
: Wrought lead and 
Blocks, pigs, anodes, etc. lead alloys 
Sheets, plates, 
Unwrought Unwrought rods, other Foil, powder, Scrap 
Year oys forms "n 
da Gor 2 AE ὧν RO AE 
tons) sands) sands) tons) sands) tons) sands) tons) sands) 
1974____ 46,080 $20,512 7,558 $4,836 7,933 $6,696 461 $641 59,366 $16,813 
1975 ____ 17,455 7,861 933 989 2,095 3,306 178 885 49,951 10,063 


1916... 2,226 1,307 624 561 2,185 2,927 292 525 46,888 11,539 
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Table 27.—U.S. imports! of lead, by country 


1974 1975 1976 
Coun Quantity Value Quantity Value Quantity Value 
my (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Ore, flue dust, and resi- 
dues, n.s.p.f. (lead 
content): 
Australian 19,341 36,446 15,916 $4,979 11,215 $3,316 
Canada ____________ 16,035 : 28,9 8,618 673 ᾽ 
Colombia 35 15 2 42 226 
Greenland __________ EM m" 6,552 2,031 5,104 1, 
Honduras __________ 16.520 7 a 19,153 5,638 ,028 9.219 
Mexico 10, 631 4,186 22 92 28 
Nicaragua 3,493 1,518 1,182 509 762 323 
Peru ο ος s Lot 26.201 8,536 15,696 5,328 9,263 2,422 
Other _____________ 9 ΚΝ ΚΗ ζω) 
Total |... ........ 94,299 38,240 87,560 27,145 76,865 25,562 
' Base bullion (lead content): 
Belgium-Luxembeurg ...... — zm 19 7 87 
Canada ____________ 831 831 65 81 730 860 
Mexicktroo MAS PM 878 145 1,532 558 
Total 831 331 462 183 2,334 955 
Pigs and bars (lead 
content): 
Australian 3,308 unis 36,123 32,889 
Belgium- Luxembourg 338 1,106 2,058 1,141 9 
77 40, 100 18,578 30, 688 14,659 47,612 21,660 
China, People's 
Republic f = EE 28 111 E MR 
DenmarrkzʒKk .... 198 226 420 450 429 621 
France ____________ 50 54 29 29 33 
Germany, Eat 81 169 zn — xem za 
Germany, West |. ..... 544 2,845 2,614 1,859 10 54 
Japan ___ _ 2 2,608 1,850 78 219 3 5 
Mexico 28,504 13,795 29, 637 11,400 44,290 17,090 
Morocco MN m ΚΝ 8 2,756 861 
Netherlands 354 437 535 701 2,221 721 
New Zealand add ιο. 21 e σος. 
Peru... 89,986 14,850 19,876 9,022 19,7 7,811 
Singapore 19 ce pe πα. nur 
South Africa, 
Republic ff AT es == ates 84 20 
South-West Africa, 
Territory of A us 1,120 549 E 
Spain __ A cc clc εν Ee 119 162 8 217 
Sweden 10 τος ΗΝ ERA 
iland |... .Ἱ..... 144 431 1,609 408 1,447 
United Kingdom 1,054 1,523 2 2,621 2,022 2,952 
Yugoslavia ............. - ..... -- b 10,181 8,054 19,944 6,516 
| ENSE ει ας... 35 87 8 2 
εκ μμ 118,366 57,691 100,511 47,206 3145,932 362,018 
Reclaimed scrap, etc 
(lead content 
ustralia ___________ 105 42 des ne ο 2H 
FFC 594 836 829 259 990 402 
Canal zone 7 16 "e SEN me 
Dominican Republic ...... 11 5 8 a κ: 
97 West = > me 58 41 70 81 
Gilbert Islands ος pu KA 223 53 
amaica ... ______ 8 7 35 8 73 33 
Mexico 271 85 735 224 156 56 
Panama .........-- 11 3 MS Mt aa 
Peru = c ae eh 901 360 
United Kingdom 204 8961 85 72 10 25 
| MERECE sh 2 1 1 44 12 
Total!!! : 1,213 . 856 5,865 | 2,040 4,418 1,550 
Grand total 214,709 92,118 193,898 76,574 229,044 90,085 


1Data are “general imports” that is, they include lead imported for immediate consumption plus material entering the 


3 Adjusted by Bureau of Mines. 


See footnotes at end of table. 
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Table 28.—U.S. imports for consumption of lead, by country 
1974 1975 1976 
Coun Quantity Value Quantity Value Quantity Value 
d (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Ore, flue dust, and resi- 
dues, n.s.p.f. (lead 
content): 
Argentina m -- 4 $1 = ΡΝ 
Australia 15,156 $3,153 8, 2,113 15,812 $4,890 
Bolivia 9 9 ΕΝ M = = 
Canada 11.998 2,712 14,878 3,521 8,556 2,471 
Colombia . gies non 233 56 225 
Honduras 15,596 8,596 7,498 2,330 25,624 10,704 
Ireland ..........-- en n 14 αν. κάτα 
Mexico 6 1 ΝΕ r = 8,661 8,290 
Nicaragua .............- -... 2,518 729 1,381 431 1,781 612 
Peru ο πώ 11.468 4,440 12,598 8,868 24,878 7,052 
Other! T A" EOM NE 4,451 845 
Totaal 62.691 15,180 45,024 12,829 88,988 29,492 
Base bullion (lead content): 
Belgium- σα = Op 19 7 72 87 
Canada ____________ 831 831 65 81 790 860 
Mexico ____________ S HN 878 145 1,532 558 
Total. uu 881 831 462 188 2,334 955 
Pigs and bars (lead 
content): 
ορ 1398 1100 2058 nr 1466 “Og 
um- --- , , , 
„3 40, 100 18,578 30, 688 14,659 41,612 21,660 
China, People's 

Republic of xs A 28 111 σα ΚΝ 
Denmark 198 226 420 450 429 621 
France ................-.-. 50 64 29 29 83 21 
Germany, East 81 169 = = MS = 
Germany, West __ _ _ _ _ _ 545 2.847 2,618 1,857 10 54 
Japan ____________ 2,608 1,850 78 219 8 5 
Mexico ____________ 28,504 18,795 28,728 11,073 44,290 17,090 
Netherlands 354 437 535 701 2,221 721 
New Zealand =: ἘΠῚ 41 21 MET MES 
ds nn PESO een eee S MAS one ἘΠ 19,876 9,022 19,738 7, 877 

ingapore _ _ _ _ M "t HON EN 
South Africa, 

ic % `~.. Em ET EN ani 84 20 
South-West Africa, 

Territory of .------- B= T 1,120 549 d td 
Spann 25 neS 119 162 93 217 
Sweden 8 10 = ou ble κ. 
United Kingdom ngdom ______ 1,064 1.529 2,688 2621 2, 2352 

nived ninggom .. . ... , , 

Yugoslavia ............------. A PE 9,634 2,880 20,491 6,749 
Other 85 87 12 89 2,159 864 
Total 22m 118,867 51,698 99,054 46,708 141,980 60,245 
(lead content) 
Australia ive as 16 6 ues RT 
Bahamas ET zt 20 4 8 1 
Canada __  _ -- 755 868 921 280 990 402 
Canal Zone m 15 S" TED ο ο 
„ West NH A: 4] 70 81 
Ader lends ------- Is - M - 53 
Jamacia .___________ 8 7 85 18 83 
Mexico 238 73 655 830 105 
Panama 11 8 Her . =: m 
Peru ____.__ ~~ ____ = = rene ἘΝ 901 960 
United Kingdom 204 861 85 72 10 25 
6 2 1 1 3 44 12 
Total __ 22a 1,296 834 1,741 617 2,644 1,022 


LEAD 153 


Table 28.—U.S. imports for consumption of lead, by country —Continued 


1974 1975 | 1976 
Coun Quantity Value Quantity Value Quantity Value 
i (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Sheets, pipe, shot: 
Canada 110 71 52 54 113 130 
Denmark |... .......- se E ae ae 19 
Germany, Wett m pen 2 28 88 
Japan . _ _ Lco 11 24 ins mE = 
Mexico .......... - - -.-.- -. 71 89 2 12 10 
Netherland (ὦ) 1 M "or E ms 
doe FCC ΜΕ * oe M 65 205 
nited Kingdom 4 3 2 5 26 39 
κ ποσα κα (1) (1) E να 13 7 
Total `- ..------—- 196 138 147 99 294 495 
Grand total ......... 183,821 74,176 146,428 59,931 236,240 92,209 
Less than 1/2 unit. 
Table 29.—U.S. imports for consumption of lead, by class 
(Thousand short tons and thousand dollars) 
Ore Base bullion Pigs and bars Sheets, plates, strip, 
Year (lead content) (lead content) (lead content) other forms 
Quantity Value Quantity Value Quantity Value Quantity Value 
1074 1. nnne 63 15,180 1 831 118 57,693 (1) 78 
0 E 45 "12,829 (4) 183 99 46,703 (1) 91 
S esses 89 29,492 2 955 142 60,245 (3) 484 
Waste and scrap Drose, skimmi Powder and 
residues, n.s.p.f. 
(lead content) (lead ο. flakes Total value 
Quantity Value Quantity Value Quantity Value 
1974 ....- 1 406 () 428 (3) 60 74,176 
1954. nei 88 1 411 (1) 206 (3) 8 59,931 
IN (6 uocis cer mim 2 821 (3) 201 (3) 11 92,209 
!Less than 1/2 unit. 


Table 30.—U.S. imports for consumption of 
miscellaneous products containing lead! 


Gross Lead 
Value 
Year weight content (thou- 
(short (short 
tons) tons) sands) 
1974 1,643 724 $8,730 
1975 322 3.575 


744 
1718 — 452 175 1.749 


1Babbitt metal, solder, white metal, and other lead- 
containing combinations. 
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Table 31.—Lead: World mine production, by country 


(Short tons) 
Country! 1974 1975 1976P 
North America: 
2222 ³o1 lal AAA 182,195 375, 758 «258.000 
ος ες νο ERE ος ος TUR RUFUS ο κο ος 110 1 110 
E ̃ĩ ˙ ˙¹ů Äqꝶ²¾]?⏑nñ Vd y d a 20, 706 25,643 20,492 
πι ο μον μμ ⁰y NINE 240,327 196,889 ; 
JJC ο ³·wꝛ ZS y E E. 8,746 ; 
United States? ...........-------------------------------- 668,870 621,464 609,546 
South 
Rr “sk 741,696 44,089 *44,100 
BolV e oc . ß y ʒ RE 419,234 415,755 18,048 
Bazil- 2 ———— c ee et 8 28,574 j 25,618 
κε u ek ha ea p μαμα E AET SE 841 002 
Colombia p t DA 139 126 120 
Κο ασε ο ο ) . κο LE 158 191 5120 
JJC ³·Ü ¹»¹iꝛͥͥͥͤ ⁰ AA ³ αιμα. 182,761 203, 486 186,591 
Europe: 
Aua 2. a se NEP Lp 6,371 6,725 945 
JCôöÜ¹L1bẽĩi ²] ... ⁰⁰m r! Sm ae ua 121,800 1121, 300 119,000 
Czechoslovakia®._._._§_____________________ 4,300 4,500 4, 
Finland μμ . κα σοκ h 1,628 ; 1,247 
Frape ο το cee S ας ee 125,414 23,920 31,000 
Germany East _ _ _ ⁵⅛ð -. . ul c rd 4, 400 4, 400 4,400 
Germany, West ............- -. -.- -.--.-.-.---.- 44 $8,811 85,696 34,790 
ME. roe ο ae dele Mn σσ σσ A NN esti SED a et ete 2 14,202 
Greenland __________-----_--------_--------- 726,600 26,800 29,800 
Hungry" jj ο πο «αι 8 1,760 789 4790 
Ireland o οσο. 41,560 40,010 85,100 
1 ³ð ͤ K ĩͤ eee rie LL e T25, 31,967 29,873 
Noray ossaa 3,721 8,559 4,808 
Poland"... ml u en ee ας 87,100 
/ UNO ðͤ v EE ae *45,200 43,000 46,810 
J)) RETE PERRO EC M eR 70,688 64,505 68,561 
ορ Ep HR neg SSE se el 81,192 TT, 
U.S. S. R ____ .------------------------------ 1495, 000 1495, 000 520,000 
United Kingdom? n 4,000 8,902 : 
Yugoslavia... — - —-—---------------------------—-—- 132,085 139,879 €147,600 
Africa: 
% ³˙!AT½ a ee 3,420 3,200 4,000 
7 ᷣͤ v 71.819 2,201 2,900 
POTETE e22 22 ° 
Moroco niu πο tz e LLLA E es ee E te s, 95,098 70,150 66,357 
Nigera” oaen A ως 240 140 140 
South Africa, Republic ß 2,741 2,981 MES 
South-West Africa, Territory off 62,568 56,514 59,290 
RS oL ere Lu Za ο LM d σος ή 713,783 11,842 11,424 
Zambia (recoverable — -—- - ---------------------—— 721,100 21,400 16,300 
FÄùÄ˙ co nuncu AAA Le LA LA D 10,800 11,570 4 
China, People's Republic off 110,000 110,000 110,000 
7) EEI / ως ο κ ολ ος NON INS i 2,247 14,683 
πας οκ CE RCM MEO 8 ,400 900 
Japan MISERUM HER a I 775 55,789 56,952 
Korea, Northnuj:““ „„ 110,000 1180, 000 130,000 
))))! PORRO τς τις 8 11,573 13,409 16,020 
Philippines: _-—-—----------------------- gs 1,436 8,735 4,982 
PT TUE κος κ των. 1,701 1,690 
τα κι m som ̃ĩͤ v ͤ v ͤ A E 5,078 5,172 4,850 
Oceania: Australing nk 413,701 448, 826 439,344 
Tot e Ln πω μασ ως 3,762,489 3,750,210 3,700,742 


Un additi iy listed, Uganda and Egypt produce lead, bu 
ition to countries ma uce t available information is uate to 
τ y inadeq 
euo matal contant of lead ο for expo C pus laad convent of domeste products (refined lead, 
antimonial lead, mixed bars, and other unspecified items 
*Recoverable metal. 
Production by COMIBOL plus exports by medium, small, and other mines. 
5Recoverable metal; content of lead in concentrates for exports plus lead content of domestic smelter products (refined 
lead, antimonial lead, and bismuth-lead bars). 


include small quantities of zinc. 
ta from operating prepo reports of Tsumeb Corp. Ltd., South West Africa Co. Ltd., and South African 
Iron and Steel Industrial Corp. iere Lid G0 ) for Imcor Zinc ty.) 's Rosh Pinah mine. Data from Tsumeb Corp. Ltd. 
are for calendar years; data from other companies are for fiscal years ending June 30 of the year stated. 
Content of concentrates. 
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Table 32.—Lead: World smelter production, i by country 


(Short tons) 
Country 1974 1975 19165 
North America 
Canada (refined 139,380 189,064 *193,000 
Guatemala 250 248 121 
Mexico (refined 220,660 190,620 209,142 
United States (refined) 673,024 636,122 652,906 
South Am merce 
Argentina IL NEPISE κο τε ?- 38,600 43,700 44,100 
via (refined, including solder ͤ•— on 
GNE coc ð y TL 45,951 41,381 43,651 
Peru (refined) PGõG Cĩꝰ ae eee Le 188,799 78,544 81,731 
ß ß d EIE 9,705 10,820 10,031 
Belg ο dd ⁰ rt 8 7109, 800 117, 300 115, 100 
B ατα ο ο το 8 124 000 Σ124 000 121,000 
Czechoslovakia?_ ______________________________ 19,698 20,334 *20,300 
J77öõ§öÜ5i x ee Ee s 174,194 149,233 175,714 
Germany, East 000 
Germany, Wey 128,011 101, 679 111,295 
Greece (refined)* ______________________________ 16,100 18,000 20, 
Hungary ^... oF sa e uL A p ate e hes 14,880 714, 300 14 300 
ο ο ο ο v.. ß 150,753 36,593 50,093 
Netherlands? ο ο y Lu IM E 29.112 26,389 24,135 
Poland (refined)? ______________________________ 78,900 84,000 88,800 
Portugal (refin ο. ο το ος ο ο reopened we Sic OR ee 1,310 1,036 51.000 
Jöĩêç?]: . 8 145, 200 43,000 46, 300 
joa e ᷑ dddddſdd y ⁰⁰k μμ... : ,666 80,853 ; 
Sweden κ ην μμ αρ NL --- 49,808 42,265 *38,400 
U.S.S.R. (primary) TTD 8 525,000 530,000 550,000 
United Kingdomꝛꝛꝛꝛ 32,386 28,328 18,190 
Yugoslavia (refined )))) ) 1125, 472 139,000 122,599 
Africa: 
Morocco -a ee 7,716 7,937 
vot iade Africa, Territory of (τοπηϑὰ)............................ 10,925 48,801 43,650 
J ⁵ð dd ⁵ĩ ͤ D M 8 29,102 25,787 25,878 
Zambia (refined) __ _ i 8 27,112 21,054 15,002 
ο ος οι ο ο οι στ τα... 10,246 10,974 8,672 
China, People’s Republic ff 110,000 110, 000 110,000 
Jõõ ðↄi x8 4,394 5,257 99 
ὃ NET foc, Ba fa κας ³ð 8 330 830 440 
Japan (refinedq „ 251,283 214,087 241,464 
Korea, North τοῦ 000 190,000 86,000 
Korea, Republic aa 15,077 6,326 8,556 
NS. JJ... ⁵ð X πο νο” 1,346 1,041 1, 050 
Πο κ e T yd ß ⁊⁵ MM 6,170 8,300 2,000 
ccena. Australia (refined and bullion .............................. 971 434 343, 163 378, 138 
JI μας κο ĩͤ u mas 713,828,701 3, 656, 145 3,788, 134 


Estimate. Preliminary. Revised. 
Primary except as noted, or where source does not differentiate. 
3Includes recovery from secondary materials. 
SRefined from domestic and foreign ores; excludes lead from imported base bullion. 
sIncludes primary lead content of antimonial lead. 
5Primary smelter lead plus lead content of all antimonial lead. (May include some secondary lead in antimonial lead.) 
Lead bullion from imported ores and concentrates. 
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Lime 


By J. W. Pressler! 


Lime output in 1976, including that for 
Puerto Rico, increased 6% to 20.3 million 
tons. Total value established a new annual 
record, increasing 16% to $612 million. 

Output of most types of lime increased. 


Agricultural lime was up 40%, refractory 
dolomite 10%, and chemical and industrial 
lime 6%; construction lime remained the 
same. 


Table 1.—Salient lime statistics in the United States! 
(Thousand short tons and thousand dollars) 


1972 1978 1974 1975 1976 
Number of plant! 185 175 172 171 168 
Sold or used by producérs 
111111§;—ùqͥ m2. ] Ä vm: ß Si ra 16,611 17,280 17,795 15,876 16,924 
y ο ἐν ο ο ce ea 2,604 2,610 2,538 2,944 2,298 
Dead-burned dolomite ...............----------------. 1,075 1,250 1,278 914 1,007 
Total ο τος ες ah a 22 δις, 20,290 21,090 21,606 19,188 20,229 
MEUM um d 88 9304 849 $473,685 $528,805 $609,010 
Average value per ton ................. -.....-.-. -..-. $16.72 317.35 321.92 $27.88 $30.11 
Lime gold. . e 13,353 14,894 14,640 12,840 14,024 
Lime use „ 6,987 6,696 6,966 6,292 6,205 
eicere 8 88 87 82 54 66 
Imports for consumption-1! ! 248 884 416 259 865 
1Excludes regenerated lime. Excludes Puerto Rico. 
*Selling value, f.o.b. plant, excluding cost of containers. 
*Bureau of the Census. 
DOMESTIC PRODUCTION 


Lime producers sold or used 20.3 million 
tons, compared with 19.2 million tons in 
1975. Sales of lime increased 960 to 14.1 
million tons. Captive lime used by produc- 
ers declined 1% to 6.2 million tons. 

Output of quicklime increased 7% to 17.9 
million tons. Production of hydrated lime 
decreased 2% to 2.3 million tons. Output of 
dead-burned dolomite increased 10% but 
was 58% below the 1956 record high level. 

Six States—Ohio, Pennsylvania, Missou- 
ri, Michigan, Texas, and Alabama— 
accounted for 57% of the total output. 
Production increased 9% in Ohio, 8% in 
Missouri, 7% in Pennsylvania, and 2% in 
Michigan and Alabama, but decreased 16% 
in Texas. 


Leading producing companies were Mar- 
blehead Lime Co. with two plants in Illinois 
and one each in Indiana, Michigan, Penn- 
sylvania, and Utah; Mississippi Lime Co. in 
Missouri; Bethlehem Steel Corp. with two 
plants in Pennsylvania and one in New 
York; Martin Marietta Corp.s Chemical 
Div. in Alabama and Ohio; Allied Chemical. 
Corp. in New York; The Flintkote Co. with 
two plants in California, two in Nevada, and 
one each in Arizona, Utah, and Virginia; 
Allied Products Co. with two plants in 
Alabama; Pfizer, Inc. in California, Con- 
necticut, Massachusetts, and Ohio; United 
States Gypsum Co. in Louisiana; Ohio, and 


Physical scientist, Division of Nonmetallic Minerals. 
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Figure 1.—Trends in major uses of lime. 


Texas; and Diamond Shamrock Corp. in 
Ohio. These 10 companies, operating 30 
plants, accounted for 43% of the total lime 
production. 

The eight largest lime plants, each pro- 
ducing more than 400,000 tons, accounted 
for 26% of the total lime output. Thirty-four 
plants produced more than 200,000 tons and 
accounted for 64% of the total. 

Leading individual plants were Mississip- 
pi Lime’s Ste. Genevieve plant, Marble- 
head’s Buffington plant, Allied Chemical’s 
Syracuse plant, Martin Marietta’s Wood- 
ville plant, and Bethlehem’s Annville plant. 

A total of 532 kilns were operational 
during the year: 310 vertical kilns; 170 
rotary kilns; 25 pot kilns (primitive verti- 
cal); 15 “Calcimatic” traveling hearth kilns; 
6 fluidized bed kilns; 4 “Ellernan” kilns; 
and 2 traveling-grate rotary kilns. 


In 1976, the number of lime plants in the 
United States decreased from 172 to 164, 
but the average output per plant increased 
from 111,400 to 123,500 tons per year. Nine 
lime plants were closed and reported no 
production in 1976: The Carley L. Moore 
plant in Globe, Ariz.; the Great Western 
Sugar Co. plant in Eaton, Colo.; the Olin 
Corp. plant in Lake Charles, La.; the Allied 
Chemical Corp. plant in Baton Rouge, La.; 
the Pacific Carbide & Alloys Co. plant in 
Portland, Oreg.; the Tennessee Lime Co. 
plant in Knoxville, Tenn.; the Round Rock 
Lime Co. plant in Dolomite (Williamson 
County), Tex.; the Mountain States Lime, 
Inc., plant in Provo, Utah; and the Jones & 
Laughlin Steel Corp. plant in Martinsburg, 
W. Va. One rehabilitated plant started up 
in 1976—Limestone Products Corp.’s Lime- 
crest plant in Sussex County, N.J. 
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Riverton Corp., headquartered at River- 
ton, Va., acquired the assets of Jones & 
Laughlin Steel Corp.'s Blair Division. Locat- 
ed at Riverton, W. Va., the Blair facilities 
manufactured lime, limestone products, 
construction aggregates, and ballast. The 
108-year-old Riverton firm was a pioneer in 
developing colored cements. Its rapidly ex- 
panding stone division now produces from 
five quarries.? 

New plants and expansions.—Western 
Lime & Cement Co. purchased a 10- by 150- 
foot rotary kiln and ancillary equipment 
from Louisville Cement Co. and installed it 
in its Green Bay, Wis., lime plant. The gas-, 
oil-, or coal-fired kiln with preheater had a 
200-ton-per-day lime capacity and doubled 
the plant capacity to 400 tons per day. 

Dravo Corp.’s new $60 million under- 
ground limestone mine and three 1,000-ton- 
per-day preheater lime kilns at Maysville, 
Ky., went into test operation and debugging 
in late 1976. At yearend, its Thiosorbic“ 
specialty lime output was already 75% sold 
to utilities in Pennsylvania and Ohio under 
long-term contracts for use as scrubber 
lime. 

The Flintkote Co.’s U.S. Lime Division in 
Nelson, Ariz., placed into production in 1974 
its new 800-ton-per-day preheater lime 
plant. Construction was initiated in 1976 for 
a second, larger lime kiln with a production 
capacity of 1,000 tons per day, reportedly to 
be operational by mid-1978. 

Black River Mining Co., located at Carn- 
town, Ky., a joint venture of Armco Steel 
Corp. and Jones & Laughlin Steel Corp., 
placed into operation in mid-1976 a third 
lime kiln, doubling the plant’s production 
capacity to 2,000 tons per day. The new 
Allis-Chalmers 13-1/2- by 14-1/2- by 400-foot 
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rotary kiln reportedly is the largest rotary 
lime kiln in the United States. 

The S. I. Lime Co., a subsidiary of South- 
ern Industries Corp., installed a third kiln 
at its Saginaw plant near Birmingham, 
Ala., doubling its capacity to 1,000 tons per 
day. A lime distribution terminal was also 
opened at Tampa, Fla. 

Chemical Lime, Inc., initiated con- 
struction at midyear for the installation of a 
101 / 2 by 340-foot Allis-Chalmers rotary 
kiln and auxiliary equipment. Production 
will be increased from the present 350 tons 
per day to 750 tons per day. The kiln will 
burn a blend of Texas lignite coal and 
natural gas and will be operational at 
yearend 1978. 

Energy.—The lime industry in 1976 made 
some progress in its utilization of energy 
with the addition of preheaters to kilns and 
by improvements in internal agitation in 
the kilns; these changes resulted in a 3.396 
improvement in energy consumption com- 
pared with the base year of 1972. British 
thermal unit (Btu) consumption per ton of 
lime produced in 1976 was 7.79 million, 
compared with 8.06 million in 1975. 

As reported by the National Lime Asso- 
ciation, the fuel sources for the lime indus- 
try in 1976 were as follows: Coal and coke, 
50.7%; natural gas, 40.7%; oil (No. 2 and 
No. 6), 7.0%; and electricity, 1.6%. Com- 
pared with the base year of 1972, significant 
improvements were made in 1976 with a 
24% reduction in the use of scarce natural 
gas and an 80% increase in the use of coal 
and coke.* 


3Rock Products. V. 79, No. 9, September 1976, p. 17. 

U.S. Department of Commerce and Federal Energy 
Administration. Volun Industrial Energy Conserva- 
tion. Progress Report 5, July 1977, pp. 102-103. 


Table 3.—Lime sold or used by producers in the United States, by size of plant? 


(Thousand short tons) 
1975 1976 
Size of plant 
Plants Quantity Percent Plants Quantity Percent 
Lees than 10,000 tos 29 187 1 24 128 1 
10,000 to 25,000 tons 81 556 8 21 464 2 
25,000 to 50,000 tons 23 749 4 21 954 5 
50,000 to 100,000 tons ____ -22----- 28 1,968 10 26 1,885 9 
100,000 to 200,000 tons 28 4,136 22 26 8,982 20 
200,000 to 400,000 tons 28 8,024 42 26 7,576 87 
More than 400,000 tons 5 8,540 18 8 5,819 26 
%%% ζώο Sh ed he ee a 2 219,159 100 164 320,251 100 


1Excludes regenerated lime. Includes Puerto Rico. 


Data do not add to totals shown because of independent rounding. 
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' CONSUMPTION AND USES 


Lime was consumed in every State. Lead- 
ing consuming States were Ohio, Pennsyl- 
vania, Michigan, Indiana, Texas, New York, 
and Illinois, each of which consumed more 
than 1 million tons. These seven States 
accounted for 62% of the total lime con- 
sumed. 

Leading  quicklime-consuming States 
were Ohio, Pennsylvania, Michigan, Indi- 
ana, and New York, each of which con- 
sumed more than 1 million tons. These five 
States accounted for 5396 of the total quick- 
lime consumed. 

Leading hydrate-consuming States were 
Texas, Pennsylvania, Louisiana, Ohio, and 
Illinois, each of which consumed more than 
100,000 tons. These five States accounted 
for 53% of the total hydrate consumed. 

Lime sold by producers was used for 
chemicals, 88%; construction, 6%; refracto- 
ries, 5%; and agriculture, 1%. Captive lime 
used by producers was 3196 of the total, 
compared with 33% in 1975. Captive lime 
was used mainly for alkalies, 3396; basic 
oxygen steel furnaces (BOF's) 26%; and 
sugar refining, 15%. 

Leading individual uses were BOF's, alka- 
lies, water purification, paper and pulp, 
refractories, and sugar refining, which to- 
gether accounted for 69% of the total con- 
sumption. 

Of the main chemical and industrial uses, 
lime for BOF's was produced principally in 
Ohio (26%), Indiana (15%), Pennsylvania 
(14%), and Illinois (10%). Lime for alkalies 
was produced mainly in Michigan, New 
York, Ohio, and Texas. Lime for water 
purification was produced mainly in Mis- 
souri (28%), Pennsylvania (17%), Texas 
(7%), and Alabama (7%). Lime used for 
paper and pulp, excluding regenerated lime, 
was produced mainly in Alabama (30%), 
Texas (14%), Wisconsin (10%), and Tennes- 
see (5%). Lime for refining sugar was pro- 
duced mainly in California (23%), Idaho 
(12%), and Colorado (9%). 

Mason’s lime was produced in 35 plants in 
17 States, including Puerto Rico. Some of 


the leading States were Wisconsin with five 
plants (20%), Pennsylvania with four plants 
(18%), and Ohio with four plants (10%). 
Finishing lime was produced in 12 States in 
17 plants, including Puerto Rico. The lead- 
ing State was Ohio with four plants (60%). 

The use of lime in agriculture has 
decreased from 250,000 tons per year in 
1956 to 140,000 tons per year in 1976, 
indicating a negative annual growth rate of 
about 4.5%. The high cost of energy- 
intensive lime, compared with that of pul- 
verized limestone for controlling the ad- 
verse acid condition of soil, and the attain- 
ment of maximum fertilizer utilization have 
diverted farmers to the use of the cheaper 
commodity, even though its reactivity re- 
sponse is considerably less. During the same 
period, the use of crushed and pulverized 
limestone in agriculture has increased from 
20 million tons per year in 1956 to about 39 
million tons per year in 1976, a growth rate 
of 2.0% per year. 

The growth rate of 2.0% in the use of 
agricultural limestone is similar to that of 
total plant nutrients in fertilizers used, and 
also to the growth in the harvested crop 
acreage. Inadequate lime usage in agricul- 
ture is one of the most important factors 
limiting more efficient crop production 
throughout much of the country. Undoubt- 
edly, a major reason why farmers fall so 
far short of using the needed lime is the na- 
ture of the crop response obtained. Where- 
as crop response to fertilizers is rapid, 
the response to lime applications is much 
slower. It is frequently unnoticed until at 
least 1 year after application, especially 
when pulverized limestone is used. 
Although the effects of a single application 
of lime may last several years, many farm- 
ers do not recognize this and are not 
wiling to wait for the returns on their 
investments.* 


“Hargett, N. L. Fertilizer Data Summa National 
Fertilizer Development Center, Tennessee V ey Author- 


ity, Muscle STA nla Dull Y-112, 1976, pp. 6-7. 
American P Institute. Potash Newsletter for East- 
ern Territory. No. 105, September 1958, p. 2. 
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Table 4.—Destination of shipments of lime sold or used by producers jn the United States 
in 1976, by State 


(Short tons) 
PP ͥͥ ee ee eee us 1217 : 551,650 
. « ² ον ο ο rytß 8 8,177 14.012 497,189 
Arkins o . ß 2 65,674 24 190,682 
i ο οσο ος as TT 8 ,182 84,141 861,879 
Colorado. ὃς ⁰ ³ M M M M dd mp 8 278,058 17,861 296,814 
| MOMENTAN EP RS ð d pero NE ειπα σος 44,118 E 55, 
ο ανω p. L Z; Du mm. ĩð y ⁰ꝛt 8 16,965 H“ 1 22,786 
District of Columbia ................-.-.-.------------------.------.------.-.--.-.-. E 519 519 
το... x 168,561 25021 195,582 
Hawaii sca 8 2868 2504 8,912 
111öÜ·Üͤ i«w⁰ ⁵ uu 222 . y mcd E 181,011 818 148,895 
ts u: es ĩ⅛« ˙Ü ? !!: ⅛*. add . 819 912 1,007,531 
Indiana__ -222 LLL II IIZI LIII II O OED 1,916,747 70,161 1 
% E Fk ecg E EI a 69,913 19,828 89,741 
„„ p ̃ p p κώμα. 21.019 97,963 
Kentucky ——— ο ο ο cen muc v Li Z CL 869,08 16 725 
TOUGHER 5 L ciues y Ee 11 212,192 
Naaryland lll 8 eT. 949 18,879 476,028 
Michigan. _______.___--__-_--_-._----_.----_------- 1,051,366 4.780 1,998,149 
Missis JJ) 8 123.155 25098 148250 
Mean nippi 611 dd p 1 89,797 208,017 
Montall 1. 1554. 5 Z u a y ai 224,958 9,584 228,542 
C7 ² ũĩ PPY—P—P—....... kr nuc 8 57, 957 8,858 66,815 
νι sc . n ur us e p 10,025 26,225 
New Hampshire ß. ß να κώμα 7,618 671 8,284 
/ oon uae maris mixed sieut m ier 61,618 54,971 122,589 
MAXI e ad nc Lr Ad a et eS E 94,77 12,860 107,188 
New York oV ]x d mexico 1,000,552 86,112 1,086,664 
North δι o a oe a x 186,875 29, 166,871 
North Dakota |... ιο ee 50,7 ; 57,562 
OO το ο o xo ee a Ss Soe τω 8 2,101,434 112,851 2,818,785 
Oklahoma L ——-——— cu m d d 8 76, 23,184 100,114 
εν ο ul ²⁰ꝛ·¾O ]³] ] ⁰dyßdt mx d CE 97,144 14,218 111,951 
Pennsylvanià —— l ος unl noc 2,013,900 680 1,580 
||. MOERS ⁰¹·uw.r.. ð y 8 W W 21,069 
lend αμα ο ων ο tl Lui LE ee W w 8,605 
South Carolin _ _ 22222222 „ ͤ «„ 81,804 12,864 98,668 
South Dakota ...................-.-...-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-...-.-.-.-... 27,883 17,965 
ον τσ μμ "vc u D s oae .... —— 128,046 68,729 196,775 
κος μμ DMM 8 ` 856,257 627,908 1,484,165 
ö; ddddddddſddſdſͤ èͤ ͤdddſdͥ y ⁊ y 100,505 20,008 120,508 
Jö½//§ö§é⁵1.çéãdꝛ CIT" 8 160,442 29,121 189,568 
Washington J U onem a a m E. 160,529 20 180,817 
West Virginia. — — nce e ime 881,414 20,814 407,728 
TT MI ED" I" 114,571 51,017 165,588 
νομος. eonun ee LL 88 $ 8,102 42,452 
Other States 7,719 ,092 5,197 
Total United States 17,907,725 2,311,906 20,219,681 
Exports: 
a si aS L RENS aa DIR hn A 8 10,057 14,094 24,151 
Other countries 13,059 204 13,268 
Total exports e ee ees 28,116 14,298 87,414 
Gade 17,980,841 2,926,204 20,251,045 


W Withheld to avoid disclosing individual company confidential data; included in “Other States." 


regenerated lime. Includes Puerto Rico. 
"Includes Alaska, Vermont, and the Virgin Islands; and States indicated by symbol W. 
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Table 5.—Lime sold or used by producers in the United States, by use! 
(Thousand short tons and thousand dollars) 


U 1975 1976 
se 0000 ³ x|  )ƏT d 1<.I ³˙ σα ο ο ο εν eR I€IƏQIƏOIW€IWKIŠIWAŠIIIIIƏIAWMIIÉI£Y Iz%AIIAWzINMWXxAI.I9INPAMW. ο d 
Sold Used Total? Value Sold Used Total? Value 
Agriculture 97 c 97 8,971 186 = 186 4,759 
Soil stabilization _________ 749 1 750 — 21,165 742 (5) 748 24 
Mason's line 282 1 283 7,970 351 1 351 11.616 
line 196 "E 196 5,520 182 ne 182 4, 
Other construction uses 28 94 61 1,720 85 85 70 2,310 
Total? _.____________ 1,255 86 1291 36,375 1,260 85 1,295 42,886 
Chemical and industrial 
teel, BOF ff 5,024 1,518 6,542 177,000 5,800 1,618 7,418 219,806 
Alkalies 7 2,098 2,100 — 56,700 7 2,072 2,07 61, 
Water purification _______~— 1,894 9 1,408 37, 900 1.515 8 1,523 45,026 
Paper and pulp 819 102 921 24,900 946 108 1,054 81,160 
F 77 837 914 24, 700 76 909 985 29, 121 
Steel, electric ___________ 583 79 663 17,900 107 71 778 23,001 
Copper ore concentration 821 856 683 18.400 886 284 670 19,808 
Sewage treatment 611 70 681 8,400 548 90 18,862 
Steel, open-hearth |... 467 44 511 13,800 840 423 12,506 
Aluminum and baux ite 140 154 294 7,940 143 152 296 8,151 
esia from seawater _ _ _ _ w w w w w W 231 7,007 
Calcium carbide _________ 118 92 205 5,530 156 77 232 6,859 
Glass μαμα ³⁰•madAA 261 MON 261 7,050 218 AH 218 6,297 
* 
n νεα, 40 25 65 1,750 44 86 81 2,395 
Petrochemicals ....΄.--.-.-- 64 La 64 1,730 72 ΗΝ 72 2,129 
Acid mine water 49 1 50 1,850 57 (5) 58 1,715 
Mod produce 7 29 84 63 1,700 21 56 1,656 
M „other 52 2 53 1,430 51 D. 51 1,508 
AME. s - 83 g = £ É 
eum refining _______ -- M 
Sulfur removal 8 ΕΝ 8 80 30 ΕΝ 90 887 
Magnesium mota .... 8 13 21 561 W 21 798 
Tanning __ ggg 26 M 26 702 25 "RN 25 739 
Fertilizer _____________ 7 ΜΗΝ 7 190 12 oe 12 855 
Insecticides _.__________ 10 ie! 10 270 9 JM 9 266 
Paint net to 4 se 4 108 4 Le 4 118 
Rubber 3 = 8 80 4 MES 4 118 
Ore concentration, other 7 a 7 190 8 T 8 89 
Wire drawing 1 1 2 50 2 (5 2 59 
Plastics __ s- 25 ron 25 675 W eu W W 
Other uses 444 762 1.206 22, 086 457 559 751 22,199 
Total roe 10,666 6,192 16,858 455,098 11,717 6,102 17,819 526,801 
Refractory dolomite |... _ 849 64 914 31, 193 938 68 1,007 87,079 
Grand total? __________ 12,868 6,292 19,159 526,036 14,052 6,205 20,257 611,528 


W Withheld to avoid disclosing individual company confidential data; included in “Other uses." 
1Excludes regenerated lime. Includes Puerto Rico. 
Data may not add to totals shown because of independent rounding. 
WLess than 1/2 unit. 
“Includes sand-lime bricks silica brick, magnesite, chrome, lithium, explosives, adhesives, coke (1975), other uses, and 
uses indicated by symbol W 
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PRICES 


The average value of lime sold or used by 
producers in 1976 was $30.19 per ton, an 
increase of 10% over the 1975 price of 
$27.46 and an increase of 73% over the 1973 
price of $17.42. 

Values ranged from $29.56 for chemical 
and industrial lime to $33.12 for con- 
struction lime, $36.82 for refractory dolo- 
mite, and $34.99 for lime used in 
agriculture. 


Values for quicklime sold ranged from 
$29.14 for chemical lime to $33.53 for con- 
struction lime, $33.52 for lime used in agri- 
culture, and $36.85 for dead-burned dolo- 
mite, and averaged $29.82, an increase of 
6% over the 1975 value. 

Values for hydrated lime ranged from 
$33.18 for construction lime to $34.84 for 
chemical lime and $36.53 for lime used in 
agriculture, and averaged $34.02, an in- 
crease of 15% over the 1975 price. 


FOREIGN TRADE 


Exports of lime increased 496 to 55,900 
tons but were 19% below the 1968 record. Of 
the total exports, Canada received 87%, and 
Mexico and Panama received 3% each. The 
remaining 7% went to 36 countries, listed in 
order of shipments as follows: Guyana, 
United Arab Emirates, Bahamas, Bermuda, 
El Salvador, New Zealand, Philippines, 


Jamaica, Japan, Iraq, the French Pacific 
Islands, Belize, Haiti, the Netherlands, 
Nicaragua, Guatemala, Iran, the Republic 
of South Africa, and Italy. 

Imports of lime increased 41% to 364,900 
tons. Imports were mainly from Canada. 


Table 6.—U.S. exports of lime 


Honduras, the United Kingdom, Vene- Mans Quantity Value 
zuela, Saudi Arabia, Bahrain, Spain, Egypt, (short tons) — (thousands) 
West Germany, Surinam, Australia, Brazil, 191 31,689 $1,516 
Gabon, Colombia, Argentina, the Pacific 15 ------------- B6 852 2281 
Trust Islands, Netherlands Antilles, Peru, 

Table 7.— U.S. imports for consumption of lime 

Hydrated lime Other lime Total 
Quanti Val Quanti Val Quanti Val 
(short tons) (thousands) (ort tan (thousands) (Hort tons) (thousands 
1914 48.284 $1,811 367,917 $6,968 416,201 $1,679 
1975 oc ee 44,631 1,892 214,311 4,867 258,948 6,259 
1976 | LL LLL. --- 48,461 1,814 316,442 8,816 364,908 10,680 
WORLD REVIEW 


Lime is preduced all over the world, 
mainly in the heavily industrialized na- 
tions. Source materials are adequate. The 
United States, with 17% of the total, ranks 
second in world production. 

Canada.—During 1976, 18 companies op- 
erated 24 lime plants in Canada: 10 in 
Ontario, 4 in Quebec, 4 in Alberta, 3 in 
Manitoba, 2 in British Columbia, and 1 in 
New Brunswick. Of the 85 kilns in oper- 
ation, 54 were vertical, 27 were rotary, 3 
were rotary grate, and 1 was vibratory 
grate. Total lime output was 2.0 million 


tons, of which 341,000 tons, with a customs- 
declared value of $29.42 per ton, was ex- 
ported to the United States. 

China, People's Republic of.—Imperial 
Krauss Maffei Industrieanlagen GmbH 
(Munich, West Germany) will supply a lime 
plant to the People's Republic of China. The 
600-ton-per-day facility, to be erected near 
Wuhan, will produce a highly reactive lime 
for the Chinese steel industry.* 


ο Engineering. V. 84, Νο. 5, Feb. 28, 1977, p. 
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Table 8.—Quicklime and hydrated lime, including dead-burned dolomite: Worid 


production by country 
(Thousand short tons) 
Country! 1974 1975 1976” 
North America: 
a ks RIN oe ESP RU DT S Dan ³ð³—A m n s m 2,009 1,765 2,012 
Cotte Rie μαμα es a i y ME 17 9417 
( ο ο δες yd τος ο... 89 50 
Jamel no oc cuocere uu d kdyß aus EE E τους 202 269 
N / y ο τος αν” 51 51 
JC ο τος ο στ τος 5 21006 — 19133 204228 
or used Dy producers)... U JU — — JU U J ~~ ~~ ~~ - 44 G 9 
Chit ο ο ο πο ο ο ο E 7660 ; 660 
Colombia? _._________ ; „„ 1.100 1.100 * 
„755 à MENOR RC ARMAND CERERI T E m su m. Su EUN 
Drag P’!!! d ͤ E S gis MR ες 5l ῃ | 
κ μπακ . με προ Cus 
Europe: 
AUMPA LL e cL ⁰! . yd 1.145 826 1,057 
Belium. e ß EL LEE r9, 2,778 2,540 
Bubani — oz. Tu S LL ic ας cand Ra iL teet 1,446 1,758 51900 
jJ.ͥũ απο ο x ος 8,078 4 900 
Denmark .— s ] pg ών . ha ee eee ee 188 188 255 
Finland ¹nU aaaassnsnsMsMsMsMiMħțħțħ 1816 T298 285 
la. e EE a ³·¹w¹.-w. k de a T NEA 5,625 4,842 5,265 
. 22 335 — 334 10625 
Germany, WE -ananin Be ee eo ee ee ; 
Πα ον o eno n ος uU ee a ασε 122 E 701 808 
JßõõöͤÜĩͤ˙BCß.0 jßt οκ y ώς Z etit. 87 86 *88 
ο ο τα ο EMO y y MIN 32 557 1952 2.122 
ο K. u S ών AZ ⁵ĩðV—- ⁰ ß ee hs r ei «9 
νο νιώσει ð ee LE LE 127 133 *132 
Poland ο ]  bpÓŠÓ] @—i ⁵ ανω ο ολο a Ee 88 8,772 9,059 8.940 
Portugal ου uD D οὐ aS a S Sus au aku m S ⁰ ae M DE 235 4220 
Romania u ̃ ̃— 7———.. eL yd I G 2 ss rg 885 8 “3000 
lo πιω κκοσ ο ο οκ ꝛ m yd κ κα T *440 440 
Sweden (sales) ͥ⁴˙³; S ο τ 869 τ 
USSR?  ----------------------- ΟΝ 2,000 "2500 25.000 
!!!.. ˙² ⁵ r! eiu κ ρω a eee 2,248 2,100 
Ae πο οι ωρα πω ιμπν. 144 144 44 
Burundi nonien αν ακομα Lie E Lec (3) (3) 1 
Ru ͤ a m 
Kenya. c ον ος E E (5) 211 220 
Mauritius |... _ _ .------------------------ — 4 8 
, οσο to a / pee EE (5 3) 
ο. O το ο τν ο πο. L 144 1529 
Tanganig ales e S e 88 6 8 211 
εκ παρω o tele M D a yy 126 812 851 
Uganda" — a uD νεο T d ⁰ 8 88 88 83 
D 22 μμ a wr- yy mt 165 165 165 
SGS ο — ͤ ⁰· A ͥ ͥͥ⁰ ²-==;. yd ⁰ꝗę r y Ee δ 6190 r e130 159 
Asia: 
MON μιαν Racer uL EE E ⁵ m μμ 67 25 12 
e Ë ZS SDD πλ ας ο M MEMO EH 875 875 
IM. n oe PE PSS OW ys LA ipa Ad d yh e d 1,100 1,100 1,100 
Japan. d . ο DINE 12,362 10,110 10,115 
a a faye 8 ; ; 
πα ο ο οσο 5 ĩ ĩ⁵ MEE Mn M EU s JN 
εσας οσοι αν ( 8 1 11 
Kuwait 5. ο sunu δα ead uel mil LL ee ως e * 3 3 
Md ) CN M MM MI FK eg ag ae M E cd CM MM LI DLE v is Et 
Νο. o o οσο e ο πο M Lid M EET. 60 *66 
Philippines ο ο ο w CT 111 40 80 
Saudi Arabia? ̃²Ü¾ł ĩ?.. ſſſ . μον ; ) (oç U echa Ei Lu E 11 17 17 
BOWER oo κανω v... 171 161 181 
Austral" n μα . ß AM EE ls 1088 11,050 91,050 
Fland... on ος κκ μου ⁰ßd dy o c 8 8 8 
Tel ncc m LA e Au νο μμ ορ ον "121,542 "113,687 116,291 
1Lime is in man those listed. Mexico, Venezuela and the United are 
uM OR Wh afia dts aco i nem 
Lens than 1/2 unit. 
*Hydraulic lime. 
*Excludes output by small producers. 
5 Revised to 


zero. 
Year ending June 90 of that stated. 
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Germany, West.—Brisk demand in 1976 
for one-family and multifamily houses led 
to a 16% increase in sales of lime in West 
Germany. 

New Zealand. -In spite of reduced de- 
mand for cement in 1976, New Zealand 
Cement Holdings Ltd. reported increased 
sales of lime, mainly owing to an increase in 
agricultural lime demand, with an expan- 
sion to 184,000 tons in 1976 compared with 
97,000 tons in 1975.7 

Qatar.—Newell Dunford Engineering 
(London, England) was awarded a $4 million 
contract to supply a complete lime calcina- 
tion plant to Qatar. The plant will be built 
at Umm Bab for the Qatar National Cement 
Co.* 

South Africa, Republic of.—Union Lime 
Co. Ltd. of Ulco commissioned a lime plant 
in April 1976 at Danielskuil, Ouplaas Farm. 
F. L. Smidth & Co., Ltd. supplied two 12-1/2- 
by 466-foot rotary kilns. The cost of the total 
project—quarry, crushing plant, two kiln 
plants, unloading plant, and infrastruc- 
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ture—will amount to $28 million. The new 
plant had a capacity of 1,400 tons per day 
and, combined with the original 11-vertical- 
kiln plant, increased the company’s quick- 
lime capacity to 840,000 tons per year. 
Union Lime now has a 35% share of the 
total South African burned-lime market.* 

Switzerland.—Although the market for 
hydraulic lime in Switzerland showed a 
slight overall decline Cement und 
Kalkfabrik Unterterzen AG reportedly in- 
creased sales 12% to 10,100 tons by the 
takeover of deliveries from Cement- und 
Kalkwerk Liesberg AG's lime plant, which 
had suspended production.? At the Ce- 
mentfabrik Holderbank plant in Holder- 
bank, the Lime Division increased its sales 
of hydraulic lime 16% to 14,400 tons." 

United Arab  Emirates.—Holderbank 
Management and Consulting Ltd., Engi- 
neering Division, reportedly received a con- 
tract for a new lime plant at Al-Ain in the 
Emirate of Abu Dhabi.” 


TECHNOLOGY 


The installation of preheaters on two 11- 
by 10- by 314-foot rotary lime kilns lowered 
fuel consumption and increased production 
at the Woodville, Ohio, plant of Martin 
Marietta Corp. An overall fuel saving of 1.5 
million Btu per ton of lime produced and an 
increased production of 98,000 tons per year 
of lime from the two kilns were realized. 

Although a preheater lime kiln gives 
excellent fuel economy and greater 
throughput, a long rotary kiln without pre- 
heater is sometimes preferable because it 
produces a lower sulfur product, can handle 
smaller stone sizes, can treat stone that 
becomes soft when semicalcined, and is 
simpler to operate than a preheater. If a 
long lime kiln is fitted with all of the heat- 
exchanging internal equipment possible, it 
can still achieve excellent fuel economy, 
and the extra capital cost can be justified by 
the money saved in fuel.“ 

Excessive particulates emitted from most 
lime-producing kilns require expensive dry 
collection systems, as well as efficient wet 


scrubbing systems. Corrosion of parts and 
material buildup with subsequent loss of 
production can result unless operating var- 
iables are closely controlled. High water- 
to-gas ratios, saturation of inlet gas, neu- 
tralization of recycled slurry water and of 
pipeline slurries, and an extended humidifi- 
cation zone in the gaseous phase of the wet 
scrubber unit are all important re- 
quirements.!5 


*Holderbank Financiere Glaris Ltd. (Zurich, Switzer- 
land). Annual i port 1970, p. 16. 
"Page 35 of work cited in footnote 6. 
Financial (London, England). Nov. 23, 1976. 
Ritchie, D. Union Lime Co € Cupissa Works. Rock 
Producta, v. 80, No. raha ard T Pp: 48-51, 84, 88 
Page 8 of work cited in footn 
3 
base 11 of work cited in footnote 6. 
Page 11 of work cited in footnote 6. 
Robertson, J. L. Preheaters Equal Lower Fuel Costs, 
E Rock Products, v.79, No. 6, June 1976, pp. 


MKramm, D. J. Save Fuel With Heat Exchanging 
Internals. Pit and Quarry, v. 69, No. 11, May 1971, pp. 


15Abos, R. L., and M. D. Challis. Scrubbers for Lime Kiln 
Exhausts. Rock Products, v. 79, No. 6, June 1976, pp. 85-86. 


Lithium 


By C. K. Quan! 


Although domestic production of lithium 
minerals and compounds showed a minimal 
growth in 1976, consumption rose about 996 
over that of 1975. The United States contin- 
ued as the world's leading producer, sup- 
plying about 79% of total demand. Other 
primary producers of lithium materials 
included the U.S.S.R., Brazil, South-West 
Africa, and Southern Rhodesia. West Ger- 
many, although not a primary producer, 
was an important supplier of lithium pro- 
ducts manufactured from imported lithium 
carbonate and lithium hydroxide. 

The largest end use of lithium was as 
lithium carbonate in aluminum potlines, 
where it increases capacity, lowers energy 
requirements, and reduces fluoride emis- 
sions. It is estimated that aluminum pro- 
duction accounted for 50% of total domestic 


consumption of lithium and 3896 of world 
consumption in 1976. Other major applica- 
tions of lithium were in glass and ceramics 
and in lubrication, together accounting for 
40% of domestic demand and 43% of world 
demand. Continued growth of lithium con- 
sumption in these major end uses is ex- 


A highlight of the lithium industry con- 
sisted of the startup, at yearend, of a 12- 
million-pound-per-year lithium carbonate 
plant at Kings Mountain, N.C. The new 
facility of Foote Mineral Co. represented a 
20% increase in lithium production capaci- 
ty of market economy countries. 

Legislation and Government Pro- 
grams.— Imports of lithium materials are 
subject to the following tariff structure: 


Tariff class TSUS No. Rate of duty Statutory rate 
Lithium mineral concentrates _________- 423.81 None None 
Lithium τιοία]................-.......-᾽-.--.-------..-.-. -.. 415.80 12.596 ad valorem 2596 ad valorem 
Lithium compounds 419.10 5% ad Valorem 25% ad valorem 


A 22% depletion allowance against Fed- 
eral. income tax is granted on the mining of 
domestic reserves, compared with 1496 for 
foreign reserves. 

The General Services Administration 
(GSA) continued selling surplus lithium hy- 
droxide monohydrate, depleted of its Li-6 
isotope, to domestic and foreign consumers. 
During 1976 about 1.98 million pounds were 
disposed of, for a total value of $1.52 mil- 
lion. Αἱ yearend total disposable inventory 
was reported at 3.11 million pounds valued 
at $4.18 million. However, an additional 80 
million pounds of surplus material have 
since become available from Energy Re- 
search and Development Administration 
(ERDA) stockpiles. It is understood that 


Lithium Corp. of America (Lithcoa) and 
Foote Mineral Co. are considering long- 
term commitments to purchase 20 million 
pounds each, under the proviso that the 
material be used in the production of lith- 
ium carbonate or lithium carbonate-based 
products. Twenty-eight million pounds are 
being offered for sale to any other firm (or 
firms) that desires to participate in the 
disposal program, provided that it has the 
financial and technological capability of 
becoming a domestic primary lithium pro- 
ducer or producer of lithium carbonate or 


lPhysical scientist, Division of Nonmetallic Minerals. 
2GSA stockpile information, No. P-2164, Jan. 7, 1977. 
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lithium carbonate- based products. The re- sealed bid on an unrestricted-use basis to 
maining 12 million pounds of surplus mate- any firm other than Lithcoa and Foote 
rial have been set aside for sale under Mineral. 


Table 1.—GSA stockpile and sales of lithium hydroxide monohydrate 


Total Inventory Sales? 
Date Quanti Value Quanti Value 
(pounds (thousands) und (thousands) 
Jan. 31, 1766 5,094, 104 6,129 ze E 
Feb. 29, 19700 „094, 104 6,129 e Ex 
Mar. 31,1976 s nuo occ 5,014,104 6,047 80, 82 
Apr. 20.1908 S res 014,104 6,047 m dou 
$3L1916 s πώς οσα ος» 5,014,104 6,047 ἘΠ πη 
June 30, 1976 ____________________ 4,453,679 5,653 560,425 394 
July 91, 197 3,953,679 5,163 500,000 490 
Aug. 31, 1976 __ ³o¹ oe 553,679 4, 893 400, 000 270 
ο [οι ge Se 510,235 4, 458 43,444 6 
Ot 31: 19716 — unm 9,110,235 4,178 400,000 280 
Nov. 30, 1976 ___ 3,110,235 4,178 So" ae 
Dec. 31, 197 8,110,235 4,178 ἌΝ = 
Total sales XX XX 1,983,869 1,522 
XX Not applicable. 
1Inventory as of month end. 
Total sales during month. 
Source: General Services Administration. 
DOMESTIC PRODUCTION 


To avoid disclosure of individual company 
confidential data, the Bureau of Mines con- 
tinued its policy of withholding from pub- 
lication statistics on domestic production 
that it obtained from official canvasses. 
However, in response to a growing need by 
the public, data currently available in other 
published sources will be presented. 

Table 2 summarizes estimates of domestic 
production for the years 1971-76, as publish- 
ed by the Canadian Department of Energy, 
Mines and Resources and by Gulf Resources 
and Chemical Corp. of which Lithcoa is a 
wholly owned subsidiary. 

Canadian data, traditionally reported in 
terms of lithia (Li.0) content, have been 


converted to a lithium carbonate (Li;C0,) 
equivalent basis by a multiplicative factor 
of 0.464. Consistently, Canadian estimates 
of total U.S. production have been higher 
than Lithcoa's estimates. It is believed, 
however, that Canadian data represent up- 
stream production of mineral concentrates 
and lithium carbonate, while Lithcoa's data 
are based on total downstream production 
of a variety of lithium products. 

As in previous years, Lithcoa, Foote 
Mineral Co. and Kerr-McGee Corp. account- 
ed for the entire domestic production, with 
an estimated total annual capacity of some 
28,500 tons of lithium carbonate equivalent 
at yearend 1976. 


Table 2.—Domestic production of lithium 


(Short tons οἵ Li. CO, equivalent) 
Total Domestic Production ΠΡ 

Canadian Lithcoa production? 

estimate! estimate 
1971 _____ 17,811 15,250 7,831 
1972 _____ 19,289 16,850 10,792 
1978 _____ 26,461 18,000 12,046 
1974 _____ 29,429 19,450 2,840 
1975 _____ 26,461 20,000 12,127 
1976 _____ NA 20,500 12,820 

NA Not available. 


1G.H.K. Pearse, Canadian Minerals Yearbooks. 
ind Resources and Chemical Corporation Annual 
porte. 
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Table 3.—Domestic producers of lithium 

Estimated capacity 

Company Plant location (short tons LisCOs 

equivalent per year) 
Lithium COP. of 5 HRS RENE Bessemer City, N.C WW 13,500 
Foote Mineral Co ____________ Silver Peak, Nepp 8,000 
Kings Mountain, N. C.]!!! 6,000 
Kerr-McGee Cord -.... Searles Lake , Calif „„ ιά 1,000 

lOnstream December 1976 


Lithcoa operated an open pit mine and a 
beneficiation plant at Bessemer City, N.C., 
where it has a reserve of 29.6 million tons of 
spodumene ore, averaging 1.38% 1110, in 
pegmatite dikes. All of Lithcoa's mill out- 
put, exclusive of concentrate tolled for oth- 
ers, provided feed for its chemical plant in 
Gastonia, N.C., where more than 70 differ- 
ent lithium products were manufactured, 
of which 30 were marketed in commercial 
quantities. Products of major importance 
included lithium hydroxide, lithium car- 
bonate, lithium chloride, lithium bromide, 
lithium hypochlorite, butyllithium and lith- 
ium metal. During 1976, approximately 
39% of Lithcoa's sales were absorbed by 
foreign markets. The balance went to sever- 
al hundred customers in many diverse 
industries in the United States, no single 
customer accounted for more than 1060 and 
no single industry for more than 3096 of 
total sales. In addition, feldspathic sands 
were produced by Spartan Minerals Co. of 
Pacolet, S.C., a subsidiary of Lithcoa, from 
feldspar-rich mill tailings of the parent 
company and marketed to the ceramic and 
glass container industries. Currently, 
Lithcoa reportedly accounts for half of the 
lithium production in market economy 
countries, and plans are underway to 
expand capacity of the Gastonia plant to 
22,000 tons of lithium carbonate equivalent, 
at an estimated cost of $12 million. 

Foote Mineral Co., 92% owned by 
Newmont Mining Corp. has an open pit 
mine and beneficiation plant at Kings 
Mountain, N.C., where reserves are esti- 


mated to be adequate to sustain forecasted 
production levels for more than 40 years. It 
was the major supplier of spodumene con- 
centrates to the ceramic industry. At year- 
end 1976 a new lithium carbonate facility 
came onstream at Kings Mountain, adding 
approximately 6,000 tons to the total an- 
nual capacity of market economy countries. 
An additional source of lithium carbonate 
evolves from Foote's brine operations at 
Silver Peak, Nev., conducted under sodium 
and potassium leases and prospecting per- 
mits issued by the Bureau of Land Manage- 
ment of the U.S. Department of the Inte- 
rior. 

During the fourth quarter of 1976, Foote 
completed modification of its Sunbright, 
Va., lithium hydroxide facility. With an 
estimated annual capacity of 2,500 tons of 
lithium hydroxide monohydrate, the plant 
will utilize lithium carbonate from the 
Kings Mountain operations as plant feed. A 
variety of other lithium chemicals were also 
produced by Foote at Fraser, Pa., and at 
New Johnsonville, Tenn., where organo- 
lithium products such as normal butyl- 
lithium and secondary butyllithium were 
manufactured. 

Minor amounts of lithium carbonate, 
approximately 900 tons per year 5, contin- 
ued to be extracted as a byproduct of Kerr- 
McGee's brine operations at Searles Lake, 
Calif. Although the Searles Lake potash 
operations are being expanded, it is 
understood that no increase in lithium car- 
bonate capacity is envisaged. 


CONSUMPTION AND USES 


Lithium minerals, compounds and metal 
command a variety of industrial and insti- 
tutional uses. The minerals lepidolite, peta- 
lite, and spodumene find direct application 
in specialty glasses, enamels, glazes, and 
whitewares. Small amounts of spodumene 
in glasses, about 0.1% to 0.2% lithia, reduce 
operating temperatures and fuel consump- 
tion and increase pull and furnace life. Also, 
the addition of spodumene in container 


glass batches is believed to reduce stack 
emissions of fluorides and provides for the 
chemical durability of the glass. Lithium 
additives were incorporated in U.S. specifi- 
cations for black and white television tubes 
many years ago, and other countries have 
presumably adopted the same specifica- 
tions. It is understood that a 21-inch tube 


*Rykken, L. E. Lithium Production From Searles Valley. 
in Lithium Resources and Requirements by the Year 
2000. US. Geol. Survey Prof. f. Paper 1005, 1976, pp. 33-84. 
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utilizes about 0.2 pound of lithia. Recrystal - 
lized glasses, a relatively recent develop- 
ment, utilize low- iron spodumene or petalite 
to impart strength and durability. Supple- 
mented by lithium compounds, spodumene 
or petalite is used in quantities making up 
as much as 50% of the glass batch. In 
enamels and glazes, an addition of about 1% 
lithia in ground and cover coat frits in- 
creases the fluidity of the coats, improves 
gloss, and produces a high-strength glaze 
with low thermal expansion. In whitewares, 
lithia is added in various amounts depend- 
ing on whether it is used as a fluxing agent 
or as a low-expansion constituent. As a flux, 
spodumene can impart lower absorption to 
china bodies than can be obtained with 
feldspar alone. Also, maturing tempera- 
tures are decreased and strength is increas- 
ed with spodumene additions. Larger 
amounts of lithia in whiteware bodies result 
in a marked reduction in thermal expan- 
sion and improved resistance to thermal 
shock. In addition to direct-use ores, various 
amounts of lithium carbonate, lithium 
fluoride, lithium borosilicate, and lithium 
manganite are also used in glass and ce- 
ramic applications. In 1976, total consump- 
tion of lithium, in all forms, by the glass 
and ceramic industries was estimated at 
4,700 tons of LisCOs equivalent, up 6% from 
1975 consumption. 


Table 4.—Estimated domestic consumption 


of lithium 
(Short tons of Li,CO, equivalent) 

End Use 1975 1976 
Aluminum production 6,500 7,500 
Ceramics and glass 4,450 4,100 
Lubrication -........... 1,850 1,400 
Air-conditi EVE 800 700 
Synthetic rubber .... 500 600 
Others 400 400 

Total 14,000 15,300 


By far the most significant development 
in recent years has been the increased use 
and perhaps final acceptance of lithium 
carbonate in aluminum potlines. The addi- 
tion of lithium carbonate to the electrolyte 
baths results in a 25% reduction in fluoride 
emissions, a 10% reduction in power re- 
quirements, and a 7% to 10% increase in 
potline capacity. The optimum concentra- 
tion of lithium in the bath appears to be 4% 
to 5% of the bath content. In new cells, 
absorption of lithium by the potlining is 
abnormally high, and it is sometimes pre- 
ferable to initiate lithium additives only 
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after the first 2 months of operation. Typi- 
cally, a 100,000-ton-per-year potline is 
thought to require an initial charge of 600 
tons of lithium carbonate, and an additional 
makeup charge of 250 tons is required 
annually to compensate for process losses. 
The initial charge is needed only at the 
startup of a new cell. At the end of the cell 
life, usually after 3 years or 1,000 tons of 
aluminum, the contents of the cell are 
recycled by transferance to a new cell. In 
consequence, this makeup charge will very 
likely constitute the major end use of lith- 
ium carbonate in aluminum potlines over 
the long haul. According to the Aluminum 
Association, domestic production of primary 
aluminum in 1976 amounted to 4.25 million 
tons, up about 10% from that of 1975. It is 
estimated that 35% of the production came 
from potlines using lithium carbonate, the 
consumption of which probably amounted 
to 7,500 tons. 

As a raw material in the manufacture of 
greases, the use of lithium hydroxide mono- 
hydrate has expanded considerably over the 
past 25 years at the expense of calcium and 
sodium compounds. Today, over half of all 
greases produced domestically are lithium- 
based. Lithium hydroxide monohydrate is 
added to lubricating oils where it saponifies 
into lithium stearate and acts as a thicken- 
er. Major advantages of lithium greases 
include effectiveness over a wide range of 
temperatures, from subzero to over 300°C, 
good water resistance, resistance to oxida- 
tion, and stability under cyclic heating and 
cooling. The lithium content of the greases 
varies but is understood to average 1.2% 
lithium hydroxide monohydrate. According 
to the National Lubricating Grease Insti- 
tute, 69% of member producers responding 
to a national survey reportedly produced 
some 244 million pounds of lithium greases 
in 1975. Presumably, the remaining 31% 
who chose not to respond represented minor 
producers with little or no lithium grease 
production. Thus, total lithium grease pro- 
duction in 1975 is estimated at 256 million 
pounds, requiring approximately 3.07 mil- 
lion pounds of lithium hydroxide monohy- 
drate, or 2.70 million pounds of lithium 
carbonate equivalent. While a more recent 


‘survey has yet to be commissioned, it may 


be estimated that lithium grease production 
in 1976 probably amounted to some 265 
million pounds, requiring about 3.18 million 
pounds of lithium hydroxide monohydrate, 
or 2.80 million pounds of lithium carbonate 
equivalent. 


LITHIUM 


Lithium bromide is used in absorption 
air-conditioning systems because it is hy- 
groscopic, is able to maintain a constant 
humidity in air, and is soluble at low 
temperature. On account of their size, 
absorption machines constitute only a mi- 
nor component of the total air-conditioning 
and refrigeration market. Typically, a 100 
refrigerated-ton system uses about 1,500 
pounds of lithium bromide, while a 1,250- 
refrigerated-ton machine uses 8,000 pounds. 
Since 1967, when some 2,700 absorption 
units were assembled, production has de- 
clined and by 1975 only 730 units were 
reportedly assembled. A further erosion 
probably occurred in 1976 owing to a drop in 
commercial and industrial building starts. 
While the capacities of the machines are 
generally not known, lithium bromide con- 
sumption probably did not exceed 1,900 tons 
in 1975 and 1,600 tons in 1976, equivalent to 
800 tons and 700 tons of lithium carbonate 
in those 2 years. 

Several organolithium compounds are 
used as catalysts in the manufacture of 
polymers in the chemical industry, and 
perhaps the most important usage in this 
field is that of n-butyllithium in synthetic 
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(polyisoprene) rubber production. Among 
alkali- metal-based catalysts, n-butyl- 
lithium is found to be the most effect- 
ive in directing the reaction towards the 
cis-1,4 structure which confers properties 
most closely resembling those of natural 
rubber. While polyisoprene rubber accounts 
for about 10% of total domestic production 
of all synthetic rubber, it is believed that 
only a part of this 10% is made using 
lithium catalysts. Reliable estimates of the 
consumption of organolithium compounds 
are currently unavailable but it is probably 
about 500 to 600 tons lithium carbonate 
equivalent per year. 

Miscellaneous applications of lithium and 
its compounds are found in storage batter- 
les, pharmaceuticals, paints, dyes, resins, 
laundry bleach and bactericide, welding 
and brazing fluxes, and specialty alloys, all 
of which account for perhaps no more than 
400 tons of lithium carbonate equivalent 
consumed annually Two applications, a 
rechargeable lithium battery for automo- 
bile propulsion and thermonuclear fusion 
reactors, currently under various stages of 
development, may well alter the future 
consumption pattern if proven successful. 


PRICES 


Yearend prices of elemental lithium and 
its typical compounds posted gains in 1976. 
Among high-volume products marketed, 
lithium carbonate had price increases of 
6% to 9%; lithium hydroxide monohydrate, 


8%; lithium bromide, 17%; and lithium 
chloride, 8% to 31%. High value products 
included lithium metal and lithium hyd- 
ride, prices of which rose 5% to 35% and 2% 
to 31%, respectively. 


Table 5.—Domestic prices of lithium and lithium compounds 
(Dollars per pound) 


Lithium metal 


99.9% ingots, thousand-pound lots, delivered 


Lithium nitrate 


technical grade, drums, 100 pound lots 


Lithiuim stearate: 


50-pound 5 freight allowe·edddll ~~ 
Lithium ον. 
pound |^ Sane u Pe HOS PE BE 


Source: Chemical Marketing Reporter. 


red 
Lithium hypochiorite VOT eaaa 


1975 1976 

3 3.00 3.50 
CR MES 0.755-0.795 0.825-0.840 
ees 24447 147 
5 925 9.45.1206 
μες 052 0.52 
3 11.10 11.60-15.00 
Dadaan Naa 1.41 1.59-1.64 
ENAERE 0.95 0.94-0.95 

1.55 1.43-1.75 
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FOREIGN TRADE 


Exports of lithium hydroxide declined complete and in some cases inaccurate. 
substantially in 1976, particularly to France According to the Bureau of the Census, U.S. 
and Japan, which were major recipients in Department of Commerce, imports of lith- 
1975. Totally clouding the export picture is ium ores dropped to about 68 tons in 1976 
the lack of data on shipments of lithium from about 4,548 tons in 1975. On the other 
carbonate and other lithium compounds. A hand, imports of lithium compounds rose to 
clearer picture of U.S. exports may be some 42 tons, compared with 10 tons in 
gleaned from import statistics of major 1975. It is not entirely clear what lithium 
trading partner countries. compounds were imported in 1975-76 or in 

Official trade statistics are generally in- years past. 


Table 7.—U.S. exports of lithium hydroxide 


1975 1976 
Destination Quantity... Value —  yIQuantty Value - 
ο. (dollars) n (dollars) 
MNO μας E ERIS T ^ 2,600 4,032 
Belgi Ll Rl EL ο. 80,700 87,452 2,000 
Bolivia cuoco ei 24,150 39,382 = bem 
Bodl- ——— Áo ο ο Duss 4,000 4,248 το 
Canada ~- —-------------------- 50,000 51,404 12,000 15,532 
Che S — 20 m 16,800 88,027 <a 
, ß 284,592 417,481 60,016 105,030 
Germany, Wet 66,700 84,099 a να, 
India u — ο κο usss 57,820 85,176 20,975 22,865 
Indonesia 83,406 129,835 ut ue 
7/õö§Ü EEE E 3,870 14,760 ots EN 
Ireland -——------------------ 4,545 11,363 -- 
hac E a m PETER i EP 22,000 2,684 
A N a E auus E 234,759 205,709 153,617 192,368 
Korea, Republic of — 2,095 8,100 
ο MEME A NET EN CENE 108,600 112,608 62,000 73,160 
Netherlands 98,676 169,360 78,415 91,472 
Pakistansnsnss 6,800 9,724 ous NES 
ovr Ars 2! ρα NEUES 4,400 9,282 Aen 5G 
South Africa, Republic off 22,000 26,290 M her 
POUR MD 22,000 26,972 82,220 90,007 
πε νεο. u REEL ER 8,802 10,089 Bot = = 
Switzerland ......... . ....--.----------------- 15,600 17,472 83,200 86,012 
αι τος = Su S 8 8,800 18, = > Κε 
United Kingdom 69,722 79,242 8,000 84,944 
Total oe ee Sie mie 1,226,242 1,592,631 534,198 674,466 
Source: U.S. Department of Commerce, Bureau of the Census. 
Table 8.—U.S. imports for consumption of lithium bearing materials 
1975 1976 
Š Value Value 
Commodity and country heel (thousand dollars) τ. (thousand dollars) 
(pounds) Customs C.. F. (pounds) ^ Customs C.LF. 
Lithium ores 
ιο 8 9,096,127 538 69 ο. Un ο. 
JJ αν eae -- rS m 136,000 1 1 
Total se 9,096,127 538 695 136,000 1 1 
ic acid lithium salts: 
To τς MARINUS UA NES s = tee 12,438 6 6 
Lithium compounds, n.e.c.: 
France ___ 18,645 63 65 69,839 506 512 
Germany, Wet 698 7 7 15 15 
Japaenn το ο EN = 13,227 87 91 
Spain ecu ceo 6,614 83 84 n" m -- 
Switzerland .........--------.-- e ΕΕ 1,102 1 1 
United Kingdom 111 4 4 100 6 
P/ mna 21,068 107 110 84,752 615 625 
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WORLD REVIEW 


Worldwide, consumption of lithium in all 
forms increased approximately 8% over 
that of 1975, reflecting a general recovery 
from the recession of that year. As with the 
United States, the use of lithium carbonate 
in the aluminum industry of Europe is 
steadily rising, to make it a major end use 
for lithium. While in past years lithium 
carbonate had not been consumed in signifi- 
cant quantities in the aluminum potlines in 
Japan, it is likely that there is now a 
growing acceptance of the additive, es- 
pecially in the face of escalating energy 
costs. 

Ranking among the major consumers of 
lithium ores and compounds are the glass 
and ceramics industries of Europe and Ja- 
pan. A pottery and whiteware industry has 
thrived in Japan since early times and 
today represents an important contributor 
to export earnings. Japan is also the world 
leader in the production of black-and-white 
television receivers, which utilize lithium 
additives in the composition of the tubes. 

Absorption air-conditioning, a major end 
user of lithium bromide, showed a slight 
downturn in the United States and a dra- 
matic decline in Japan during 1976. This 
use for lithium is expected to recover grad- 
ually with a recovery in commercial and 
industrial building starts. 

There is a dearth of published informa- 
tion on actual world lithium consumption 
by end uses, and table 13, which represents 
gross estimates, must be interpreted with 
caution. 

Argentina.—While official statistics are 
unavailable, it is believed that Argentina 
has a small annual preduction, not more 
than 300 tons of crude lithium ore, mainly 
from minor workings in the States of San 
Luis, Cordoba, and Catamarca. Minable re- 
serves in these areas are estimated at 
154,000 tons. 

Australia.—Despite the lifting of a ban of 
lithium exports to centrally planned econo- 
my countries in 1967, Australia has not 
been a significant lithium producer even 
though reserves in excess of 4 million tons 
are known, particularly in Western Aus- 
tralia. Most Australian production, proba- 
bly several hundred tons of petalite per 
year, is a byproduct from a feldspar quarry 
at Londonderry, near Coolgardie, operated 
by Australian Glass Manufacturers Co. In- 
termittent shipments of petalite ore have 
been made to consumers in the United 
States and Japan in some years, and it is 


likely that production has been curtailed or 
suspended in recent times. 

Bolivia.—Preliminary investigations by 
the U.S. Geological Survey have confirmed 
the presence of large, high-grade deposits of 
lithium and potassium in the Salar de 
Uyuni and nearby salars in southwestern 
Bolivia.* The lithium is contained primarily 
in brines, salt crusts, and interbedded clays, 
and indications are that the deposits may 
rank among the largest known lithium 
reserves in the world. Plans for commercial 
development have not been announced, but 
it is understood that major U.S. producers 
have shown some interest in their further 
exploration. 

Brazil.—An important source of ceramic- 
grade lithium minerals is Brazil, where the 
only known concessions are held by Com- 
panhia Estanifera do Brasil (CESBRA), 
partly owned by Patino Mining Corp. of 
Canada. The concessions cover some 29 
outcrops discovered at Aracuai in the Pro- 
vince of Minas Gerais. Small amounts of 
hand-cobbed spodumene ore have been pro- 
duced for domestic consumption and export. 
Other areas producing minor amounts of 
spodumene and amblygonite as byproducts 
of beryl mining include the northern pro- 
vinces of Paraíba, Rio Grande do Norte, and 
Ceará. In addition to crude ore, some lith- 
ium carbonate, not more than 50 tons 
annually, is produced presumably by Orqui- 
ma S.A. Total minable reserves in the 
producing provinces are estimated at a little 
over 800,000 tons. 

Canada.—Although substantial deposits 
of lithium minerals are known in Canada, 
there has been no commercial exploitation 
since 1965 when the Quebec lithium divi- 
sion of the Sullivan Mining Group ceased 
operations at Amos, Quebec. The Quebec 
lithium property consists of pegmatite 
dikes, individually up to 2,000 feet in length 
and 100 feet in width. Total reserves have 
been estimated at 20 million tons of spo- 
dumene grading about 1.2% lithia. 

As a result of recent developments on 
lithium deposits at Bernic Lake, the Pro- 
vince of Manitoba may well emerge as a 
significant producer. Situated some 110 
miles northeast of Winnipeg, lithium occurs 
in pegmatite zones within the world's larg- 


*Ericksen, G.E., J.D. Pla tier gear ero ο ο. 
Rich Brines at Salar de 
Southwestern Bolivia. U.S. ool. Sur 1 Όρος file Rer Report 
No. 77-615, 48 pp. 
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est tantalum deposit and its only known 
commercial deposit of pollucite. A spodume- 
ne zone containing 5 million tons of 3% 
lithia over a width of 30 feet occurs in the 
main pegmatitic sill, and exploratory dril- 
ling underground indicates additional ore 
beneath present workings. For years tanta- 
lum and cesium have been extracted from 
Bernic Lake by Tantalum Mining Corp. 
(Tanco), a joint venture of Chemalloy Mine- 
rals of Toronto, the Manitoba Development 
Corp. (MDC), and Kawecki Berylco Indust- 
ries (KBD of New York. In 1973 a pilot plant 
was installed for the beneficiation of spo- 
dumene ore. Trial shipments to consumers 
during the year demonstrated the suitabil- 
ity of the concentrate for ceramic 
applications. Soon after KBI's acquisi- 
tion of a 25% interest in Tanco in 1974, 
plans were laid for upgrading lithium pro- 
duction with a lithium carbonate facility. 
Scheduled for completion in 1976, the pilot 
plant is designed to process 100 tons of 
concentrate per day. Further into the fu- 
ture, mine and plant expansions will in- 
crease output to 15,000 tons of low-iron 
spodumene concentrate and 6,000 to 7,000 
tons of lithium carbonate. 

Chile.—About to become a potentially 
important lithium source are the subsur- 
face potassic brines in the Salar de Atacama 
of northern Chile. The lithium occurs in 
very rich brines which are estimated to 
contain 1.2 million tons of lithium and 14 
million tons of K. O. Corporación de Fomen- 
to de La Produccion (CORFO) reports that 
Foote Mineral Co. has signed an agreement 
with the Chilean Government for the 
commerical development of these deposits. 
Foote, which owns 55% of CORFO, is re- 
portedly planning a $10 million investment 
in the project. 

China, People's Republic of.—Although 
high-purity lithium metal is produced for 
atomic energy applications, very little else 
is known about the lithium industry of the 
People's Republic of China. Two salt lakes, 
Charkhan and Idsaydam, in the Tsaidam 
basin of Tsinghai are believed to be similar 
in chemical composition to Searles Lake in 
California. It has been suggested that 
lithium is probably being extracted as a 
byproduct of borate and potash operations 
at these lakes. 

France.—Some lithium compounds, par- 
ticularly lithium hydroxide for use in 
grease manufacture, have been produced in 
France by Rhóne-Poulenc, presumably from 
imported ore and carbonate. 

Germany, West.—A major processor in 
Europe is Metallgesellschaft AG, which op- 
erates from the Hans-Heinrich- Hütte plant 
at Langelsheim and produces a wide variety 
of lithium compounds as well as lithium 
metal. Until recently, the main source of 
Metallgesellschaft's ore has been spodu- 
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mene from Kings Mountain, N. C., under an 
agreement with Foote Mineral Co. dating 
from 1964. Today, feedstock for the 
Langelsheim plant comprises lithium car- 
bonate from the United States and the 
U. S. S. R. as well as surplus lithium hydrox- 
ide from the U.S. Government. 

Japan.—Japan ranks among the world's 
major consumers and processors of lithium 
minerals and compounds, all of which are 
imported. Honjo Zinc Co., a leading proces- 
sor, utilizes lithium carbonate and lithium 
hydroxide from the United States and the 
U.S.S.R. to produce a variety of secondary 
lithium products, including lithium chlor- 
ide and bromide. Asahi Glass, part of the 
Mitsubishi Group, has been manufacturing 
about 240 tons of lithium bromide monthly 
at Kita, Kyushu, and reportedly has a 
production capacity of 300 tons per month. 
Nihon Lithium, a joint venture of Foote 
Mineral Co., and Sumitomo Shoji, is not yet 
a lithium processor but plans to produce 
some 300 tons of lithium bromide, 100 tons 
of lithium chloride, and 30 tons of butyllith- 
ium annually in the future. Meanwhile, 
Asian Lithium Co., a joint venture of lith- 
ium Corp. and Honjo Zinc, has been 
producing butyllithium for domestic con- 
sumption since its inception in late 1971. 

Mozambique.—Minor amounts of lepido- 
lite have been produced intermittently in 
the Zambesia district of Mozambique, possi- 
bly by Empressa Mineira do Alto Ligohna 
Ltda. Although substantial shipments of 
lithium minerals have been made to Bel- 
gium and the Netherlands in recent years, 
it is believed that they represent Rhodesian 
production. 

Rhodesia, Southern.—Lithium minerals 
are widespread in Southern Rhodesia, occu- 
rring in the tin fields of Bikita; in the 
districts of Salisbury, Umtali, Mtoko, and 
Gwanda; and at Mozoe, Fort Rixon, Sham- 
va, Inyanga, and near Gadzema. The most 
important occurrence is at Bikita, where 
lithium  pegmatites contain substantial 
amounts of lepidolite and petalite, with 
lesser amounts of spodumene and eucryp- 
tite. Reserves of hand pickable ore are esti- 
mated at over 5 million tons averaging 2.5% 
lithia. Prior to United Nations trade 
sanctions against Rhodesia in 1968, Bikita 
Minerals Ltd., a subsidiary of Selection 
Trust Ltd., was a major world producer of 
lithium minerals with an annual output 
exceeding 60,000 tons, most of which was 
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exported. Since then production has declin- 
ed and while official statistics have not been 
available, it is believed that production has 
been suspended and shipments are being 
made from stockpile. Small amounts of 
lithium carbonate may be produced by a 
local company, Lithium Products Ltd., in 
Gwelo. 

South Africa, Republic of. —As with Mo- 
zambique, South Africa’s production of lith- 
ium minerals, principally by the Otavi 
Mining Co. Ltd. at Mica, Transvaal, has 
been insignificant. Shipments made to Eu- 
rope in recent times probably represent 
output from Southern Rhodesia and South- 
West Africa. 

South-West Africa, Territory of.—S.W.A. 
Lithium Mines Ltd., acquired in 1968 by 
Klockner & Co., a West German industrial 
group, produces lepidolite and petalite and 
small quantities of amblygonite from the 
Helicon and Rubicon mines southeast of 
Karibib. Reserves of hand-cobbed ore are 
said to be minimal, but more than 1 million 
tons of millable ore is known to be available 
for upgrading in a 10,000-ton-per-year flota- 
tion plant. 

U.S.S.R..—Lithium occurrences in the 
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U.S.S.R. are numerous and widespread. The 
more important include spodumene in the 
Kola Peninsula; lepidolite and spodumene 
in Muzinskoe, Lipovka, and Boevskoe in the 
Urals; spodumene and lithium phosphate in 
the Kablinsk and Turkestan ranges; spo- 
dumene, lepidolite, and petalite in the 
Transbaikal Territory in Siberia; and lith- 
ium micas in Volynia in the Ukraine. 
Also, several lakes in the Minusinsk- 
Abakansk area in old Transbaikal may 
have commercial concentrations of lithium 
in brines. For many years now the U.S.S.R. 
has marketed in Europe and Japan between 
1,000 and 3,000 tons annually of lithium 
salts, mainly lithium carbonate and lithium 
hydroxide. Presumably, the lithium hydrox- 
ide is deficient in the Li-6 isotope and can 
only represent stockpiled residue from Li-6 
processing. At the same time it is quite 
likely that spodumene in the Kola Peninsu- 
la is currently being mined and processed 
into lithium chemicals for domestic con- 
sumption and export. In view of the growing 
domestic demand, it is believed that exports 
of lithium compounds will be sharply cur- 
tailed or else suspended in years to come. 


Table 9.—Lithium minerals: World production, by country 


(Short tons) 
Country! and mineral produced 1974 1975 19165 
. (minerals not specified «„ 2 216 275 
Brasil: M ae sss CM cc MCCC ME a m 
Amblygonite -.—: c ³Ü”ʃͤw¾ Lui LL E 188 172 
Lepidolile 2... ιο απ ον ir 12 EUR E s 507 516 
*2,200 
CC ¹˙ ͥͥͥͥ ⁰¹wr ασ” 8,984 4,015 
% ↄ VE0m I. À 51,320 818 
China, Peoples Re Publi ‘of (minerals not specified)? ?. .  . . 1 0,000 0,000 10,000 
e's Republic of (min not specified)” °_....________ A 10, ; 
Portugal, lepidoliteee 1,823 1,323 1,218 
Rhodesia, ας (minerals not specified)? 7 |. . .. ......- 15,000 20,000 20,000 
Rwanda, amblygonite” ———— sk ο ο ασε ακομα 8 90 90 80 
th Africa, Republic of, spodumene .............--.-.------------------------ 1 T" τ. 
South-West Africa, Territory of (minerals not specified) 41,625 56,849 5,915 
U.S.S.R. (minerals not CJ!ôö0Ü0Üʃ meum ,000 ,000 à 
United States (minerals not specifiedd ) W W 


W Withheld to avoid disclosing individual company confidential da 
uce small quantities of lithium ο, but output is not 


uction levels. 
i sources report no production since 1965, but the 
— imported ed lithium minerals from in most years since that time. It is not clear whether these 


accumula test production quantities not reported in official Canadian statistics, 


igo 5 pproximate order of ude; no basis for oe vailable. 
estimates an a magnit no more estimates is a 
Outputs by the People's Hapublie of Cline and the USSR. bate not bue n reported since 1964 


“Output has not been officially 5 but sumably has continued since a number of countries 
imports from South Africa.The 5 by the Republic th 
an ly include Site reper pos τ South West facer daa ven mports by the United 


that a portion of 
thern a 1968 actual output from South West Africa totaled 1,739 
Short tons, as follows: amblygonite 30 tons; lepidolite, 365 tons; petalite, 1 
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Zaire.—Following the discovery in 1975 of 
some 35 million tons of spodumene ore in 
the Manano pegmatites in Zaire, Zairetain, 
a Government-owned mining company, 
announced plans for the commercial devel- 
opment of the ore. Included in the plans is 
the construction of a spodumene concentra- 
tor and a 5,000-ton-per-year lithium carbon- 
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ate plant. The Government of Zaire has 
since been in consultation with a major U.S. 
lithium producer in connection with the 
proposed project, and it is understood that 
the World Bank may be asked for financial 
assistance in feasibility studies on the 
property. 


Table 12.— Estimated world consumption of lithium 
(Short tons of lithium carbonate equivalent) 


1971 1972 1918 1914 1916 1916 
United States 9,750 18,000 15,250 16,000 14,000 15,800 
Western Europe 3,500 3,500 3.500 3.650 3.000 3,250 
Japan 1.000 1,000 2 000 1,800 1,500 1,600 
USSR: 500 500 3,000 4,000 4,000 4,000 
El NC S S 600 500 1,000 1,250 1,500 1,750 
Total 15,850 18,500 24750 26,700 24,000 25,900 
Source: Mining Annual Review, 1976 and 1977. 
Table 13.—Estimated world consumption of lithium, by end use, in 1976 
(Short tons LisCO, equivalent) 
End use United States Western μα U.S.S.R of Total 
Europe pan ο world 
Aluminum production 7,000 800 200 1,200 200 9,900 
Ceramics and glass _._.._-_-— 4,700 800 450 600 500 7,050 
Lubrication _____________ 1,400 800 300 1,000 500 4,000 
tioning ος, 700 200 300 300 300 1,800 
Synthetic ruber __________ 600 400 250 500 200 1,950 
FCC 400 250 100 400 50 1,200 
V 15,300 8,250 1,600 4,000 1,750 25,900 
TECHNOLOGY 


After a hiatus of nearly 50 years, electric 
vehicles are poised for a comeback. Pressure 
to conserve petroleum supplies and to pre- 
serve the environment has steppod up fund- 
ing, through the Electric and Hybrid Vehi- 
cle Research, Development and Demonstra- 
tion Act of 1976, for advanced battery sys- 
tems capable of meeting energy require- 
ments of a short-range commuter-type vehi- 
cle. Among those under various stages of 
development, through ERDA contracts ad- 
ministered by Argonne National Laborato- 
ry, is a lithium-sulfur battery whose unit 
cell consists of a solid lithium-aluminum 
cathode, an iron sulfide or disulfide anode, 
and a molten salt eutectic of lithium chlo- 
ride and potassium chloride. The electrolyte 
has a melting point of 352'C, and because 
cell operating temperatures are between 
380° and 450° C, the batteries require ther- 
mal insulation. Developed at Argonne, the 
cell has a theoretical energy density of 430 


watt-hours per pound, but because alloys 
and metal sulfide compounds are used (in- 
stead of elemental lithium and sulfur), Ar- 
gonne's target density is 80 to 85 watt-hours 
per pound. At the Atomics International, 
division of Rockwell International, a similar 
cell with a lithium-silicon cathode has been 
successfully tested, demonstrating the tech- 
nical feasibility of building large, high- 
density batteries of this type. More recently, 
Exxon Enterprises has revealed promising 
research on a lithium battery that operates 
at room temperature. The Exxon battery 
employs metallic lithium for the cathode 
and titanium disulfide for the anode and 
has a lithium perchlorate electrolyte. The 
battery is expected to have an energy densi- 
ty of 50 to 60 watt-hours per pound, lower 
than higher temperature lithium batteries, 
but it eliminates the need for temperature- 
and corrosion-resistant materials as well as 
for insulation. 
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According to Argonne, a typical vehicle 
with a 150-mile range would be equipped 
with a 42-kilowatt-hour battery, weighing 
about 900 pounds and containing 60 pounds 
of lithium. The current projection is for 18 
million vehicles powered by lithium batter- 
ies to be on the road by the year 2000, 
requiring about 70 million pounds of new 
lithium annually, in addition to lithium 
recycled from scrappod batteries. Also, by 
the year 2000 as much as 396 of the pro- 
jected domestic energy consumption may be 
supplied by lithium-sulfur offpeak energy- 
Storage batteries, whose total lithium con- 
tent may amount to a little over 1 billion 
pounds. 

Still in the developmental stage is a 
fusion-type thermonuclear reactor that has 
been proposed as an alternative to the 
conventional fission reactor or to the con- 
troversial fast breeder reactor. The amount 
of lithium required in fusion reactors de- 
pends in part on the particular reactor 
design chosen. Reactors in which lithium is 
used both as a neutron-absorbing blanket 
around the reactor core and as a heat- 
transfer medium may require about 10 
times as much lithium as designs in which 
it forms a blanket only. According to ERDA, 
between 200 and 2,000 pounds of lithium 
are required per megawatt of fusion capaci- 


ty, and a large fusion power industry in the ` 


21st century may thus require 200 million 
to 2 billion pounds of lithium. 

Lithium batteries and fusion power, to- 
gether with their potential impact on the 
lithium industry, were discussed at a sym- 
posium held in January 1976, at Golden, 
Colo. Proceedings of the symposium have 
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since been published by the U.S. Geological 
Survey.®. A second symposium on lithium 
has been scheduled for October 1977, at 
Corning, N.Y. 

The search for a less-energy-intensive 
method of aluminum production led to the 
revolutionary Alcoa Smelting Process, im- 
plemented at midyear in a newly built 
smelter in Palestine, Tex. Based on the 
electrolysis of aluminum chloride, to which 
minor amounts of lithium chloride and 
sodium chloride are added, the process is 
expected to roduce power requirements to 5 
kilowatt-hours per pound of aluminum, 
compared with 6.5 kilowatt-hours per pound 
in today's most efficient conventional smel- 
ters. Although published data are as yet 
unavailable, it is understood that the pro- 
cess requires about 20 pounds of lithium 
chloride per ton of aluminum produced, and 
its impact on the lithium industry may be 
profound should it prove successful and be 
implemented in new smelters worldwide. 

The feasibility of utilizing synthesized 
benzene and simple alkylated derivatives as 
nonpetrochemical gasoline components has 
been proposed.* Feasible raw materials in- 
clude coal, coke, charcoal, and carbonaceous 
wastes. The basic synthesis consists of the 
formation of lithium carbide by reaction of 
the metal with carbon, hydrolysis of the 
carbide to acetylene, cyclization of ace- 
tylene to benzene and regeneration of 
lithium metal. 


5U.S. Geological Survey, Lithium Resources and Re- 

rere by the Year 2000. Prof. Paper 1005, 1976, 162 

"eT. M. A. Total Synthesis Benzene and Its Deriva- 
Gasoline Extenders. 


tives as ience, v. 198, No. 
4249, July 16, 1976, pp. 231-233. 
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Magnesium 


By Benjamin Petkof! 


Domestic metal production was strong 
during the year but declined slightly from 
that of 1975. The recovery of secondary 
magnesium metal continued to increase. 
Total exports of magnesium declined in 
both quantity and value. Imports of all 
classifications οἵ magnesium metal in- 
creased in both quantity and value. The 
quoted price of magnesium metal ingot 
increased $0.09 during the year. World pri- 
mary production, excluding that of the 


United States, was slightly higher than that 
of 1975. 

Legislation and Government  Pro- 
grams.—The General Services Administra- 
tion strategic and critical stockpile con- 
tained 1,121 tons of magnesium at yearend. 
There was no stockpile goal for magnesium. 
During April 1976, 500 tons of magnesium 
metal were released from the stockpile. 
There were no accessions during the year. 


Table 1.—Salient magnesium statistics 


(Short tons) 
1972 1978 1974 1975 1976 
United States: 
Primary: | i 120,823 122,481 W W w 
magnesium f 
EN μα ΜΗ Ἢ mmo nm 
Exports 566 39,585 46,998 32,591 18,444 
Imports for consumption 4,479 8,825 5,806 7,908 14,907 
— 108,691 115,774 180,048 794,167 104,458 
ice per ρομπὰ.............-.-- cents 8T. 88.25 41.25-15.00 82.00 87.00-92.00 
World: Primary production 251,529 266,441 F 1142,721 F 1188,284 1148,094 
"Revised. W Withheld to avoid disclosing individual company confidential data. - 
!Excludes United States production. 


DOMESTIC PRODUCTION 


Domestic production of magnesium metal 
ingot was strong in 1976 but was slightly 
below that of 1975. Publication of Bureau of 
Mines data on domestic production must be 
withheld to avoid disclosing individual com- 
pany confidential data. 

During the year, magnesium ingot was 
produced by American Magnesium Co., Sny- 
der, Tex., with an annual production capaci- 
ty of 10,000 short tons and The Dow Chem- 
ical Co. Freeport, Tex., with an annual 
production capacity of 120,000 short tons. 


NL Industries, Inc., halted magnesium pro- 
duction at its Rowley, Utah plant during 
the first quarter of 1976 in order to resolve 
technical and equipment problems. The 
company was expected to resume oper- 
ations in 1977. Northwest Alloys, Inc., a 
wholly-owned subsidiary of Aluminum Co. 
of America (Alcoa), began magnesium ingot 
production during the first quarter of 1976 
at its new plant near Addy, Wash. The 


1Physical scientist, Division of Nonferrous Metals. 
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announced production capacity was 
24,000 tons per year. All domestic mag- 
nesium producers except Northwest Alloys, 
Inc., used the electrolytic method; North- 


Table 2.—Magnesium recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 
(Short tons) 
1972 1973 1974 1975 1976 
Kind of scrap: 
New scrap: 
Magnesium bass 6,993 7,417 8,857 4,07 
Aluminum bass 5,646 6,118 5,798 "14014 16,186 
JSC ͥ κκ ſy κι νο YN T 12,639 18,585 9,155 118, 090 19,024 
Mn 8 1,445 2,529 4,161 4,873 5,500 
Aluminum bass 1.544 1,572 1,558 4,910 6,029 
Τομ ο ee he uuu om E 2.989 4,101 5,719 9,788 11,599 
Gale, μίας 15,628 17,696 14,874 "27878 80,558 
redde: alloy ingot! $612 9606 2708 2196 58569 
eee e , E) U 
Magnesium alloy castings (gross weight) ___________ 9 12 14 750 896 
Magnesium alloy shapes ............---.------------------------- 215 169 4 1,262 335 
Al um alloys ..- . x 8,790 9,206 9,316 "20,828 28,595 
Zinc and other alloy zzz 14 31 16 12 15 
Chemical and other dissipative uses 794 567 44 44 28 
i ion -..--------ᾱ-..---ο-τασο- 2.134 5,045 2,777 2.681 2,175 
Total ß ο Ei AE 15,628 17,636 14874 27,87 30,558 
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west Alloys used the silicothermic process. 
Secondary recovery of magnesium metal 
increased. 


"Revised. 
!Includes secondary magnesium content of both secondary and primary alloy ingot. 


CONSUMPTION AND USES 


Total domestic consumption of primary 
magnesium in 1976 increased almost 1196 
over that of 1975 but did not reach the 
consumption level of 1974. Magnesium was 
consumed in structural products that 
included castings and wrought products, 
and in sacrificial purposes where advantage 
was taken of the metal' chemical and 
alloying properties. The metal's useful 
structural properties such as low specific 
weight, good machinability, hot formability, 


and high strength-to-weight ratio resulted 
in about 1796 being used in aircraft, auto- 
motive, and other types of transportation 
equipment, materials handling equipment, 
and the manufacture of items such as power 
tools. The remainder was used for sacrificial 
purposes, primarily alloying with other 
metals, cathodic protection, production of 
nodular iron, and reducing agents for 
metals such as titanium, zirconium, ura- 
nium, and beryllium. 
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Figure 1.—U.S. and world production and U.S. consumption of primary magnesium. 
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Table 3,—Consumption of primary magnesium in the United States, by use 
(Short tons) 
1972 1978 1974 1915 1976 
For structural products: 

Castings: 

Dig dace Mind iL La Ls 9,826 9,999 11,04 τ 4,159 
Permanent mold 2222222222222. 786 812 1,000 T1,144 1,059 
Habd er ο ο ge Sen eL LL 700 1,826 1972 1952 1,288 
Wrought ucts: 
ο. K 1,749 7,436 7,828 16,215 6,449 
Sheet and plato 9,817 (1) (1) (1) () 
Other (includes forgings) _ _ _ _ _ _ _ 7 1,981 6,025 8451 8,792 
Tult. lnc E ³ A λος κας. 2870 95.102 21524 19,164 17,292 
For distributive or sacrificial purposes: 
, ee a ee 48,458 51,958 62,152 146,670 54,820 
%%% 8 98 δ08 19 18 14 
777! ο εως ee 28 90 24 15 29 
e e e 109 18 16 11 10 
Cathodic protection (anodes) __________-_______ 6,548 9,981 10,489 14,702 7,809 
Ree 8 9,782 9,885 9,204 2592 $9,985 

Nodular iron ------------------------ 7,603 8,724 10,608 12,864 — 14,989 

Scavenger and deoxidizer __ _ _ 827 50 285 (3) (3) 

ας 2 6,089 1,861 1,569 7,001 5,985 

um .---- Š — = , » » 

Otc isdudiM powder ο ο ο τοσο, 055 2266 2.213 1.139 1.270 
PSS ]] ( 8 79,982 90,619 102,524 75,018 87,161 
Grand total 108,691 115,774 180,048 — 794,167 104.458 

"Revised. 

‘Included with “Other”. 

PRICES 


The base price of magnesium ingot was 


July 1, 1976, $0.92 per pound; and January 


increased during the year. As of January 1, 1, 1977, $0.96 per pound. 
1976, the quoted price was: $0.87 per pound; 
STOCKS 


Producer and consumer stocks of primary 
magnesium declined 12% to 17,295 tons at 
yearend 1976. Yearend stocks of primary 
magnesium alloy ingot dropped 35% to 988 


tons. Stocks of primary metal at yearend 
1975 were 19,664 tons and those of alloy 
ingot were 1,512 tons. New and old magne- 
sium scrap stocks declined 34%. 


Table 4.—Stocks and consumption of i^ er old magnesium scrap in the United States 
n 


(Short tons) 
Consumption 
Item Jan]! Receipts New Old Total = Dec. 81 
` scrap scrap 
Cast scrap _ ⁵ ⁵ ee 714 6,922 623 6,044 6,667 969 
Solid wroughtscrap! 2L _ _ __ 67 688 680 D 680 15 
7 v 781 7,610 1,808 6,044 7, 847 1,044 
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FOREIGN TRADE 


Magnesium exports declined 59% from 
32,591 tons in 1975 to 18,444 tons in 1976. 
The value also declined sharply from $48.2 
million in 1975 to $26.9 million in 1976. 
Shipments to Brazil, West Germany, and 
Mexico represented 76% of the total. Most 
of the metal exported (91%) consisted of 
primary metals and alloys. 

Total imports for consumption increased 


50 
40 


30 


20 


Thousand short tons 


89% from 7,903 tons valued at $11.5 million 
in 1975 to 14,907 tons valued at $22.7 
million in 1976. Imports of motal accounted 
for 65% of total imports; waste and scrap, 
23%; and alloys and other forms, 1296. 
Major sources of magnesium imports were: 
Norway (62%); Sweden (11%); and Canada 
(5%). 


Exports 


10 Imports 


0 
1955 1960 1965 


* 
/ 
= 


1970 1975 1980 


Figure 2.—U.S. imports and exports of magnesium. 
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Table 6.—U.S. exports and imports for consumption of magnesium 
Exports | 
Metals and all Semifabricated 
Year Waste and scrap in crudo form forms n.e.c. 
Quanti Value Quanti Value Quanti Value 
A hort” (thou- (hort (thou- — (thou- 
tons) sands) tons) sands) tons) sands) 
INE ocu ces 808 $365 44,440 $44,777 1.155 $3. 
1975. o E ce 416 808 81,047 44,892 1,068 8,496 
1918 . AAA E 66 190 12217 21,958 1,161 19 
Imports | 
Powder, sheets 
Waste and Alloys tubing, ribbons 
scrap Metal wire, 
| content) (magnesium content) 
Quan- Quan- Quan- ⁄ Quan- 
Se Fe Se ὃς ὥς 
tons) sands) tons) sands) tons) sands) tons) sands) 
71 ee 4,820 495 $692 440 $1,578 50 $185 
77 1.984 1,564 4,808 7,785 1,111 2,215 6 88 
77 mue 8,876 2,997 9,690 | 16,023 1,820 8,604 21 88 
WORLD REVIEW 


World magnesium production, excluding 
that of the United States, increased 7% to 
148,094 tons. The U.S.S.R. accounted for 
479% of this total followed by Norway (29%); 
Japan (8%); France (6%). The remainder 
was supplied by Canada, the People’s Re- 
public of China, and Italy. 

Canada.—In 1975 Canada imported 9,241 
tons of magnesium and exported 4,152 tons 
of metal. Canadian aluminum alloy, 


ing, and other industries consumed 5,609 
tons of metal in 1975. 
Norway.—Norsk  Hydro-Elektrisk A/S 


announced plans to build a new magnesium 


plant at Mongstad with an initial planned 
capacity of about 38,000 tons per year and 
an eventual capacity of 110,000 tons per 
year. Construction was expected to begin in 
1978 with initial plant startup planned for 


cast- 1981. 


Table 7.—Magnesium: World production, i by country 


(Short tons) 

Country 1974 1975 1976" 
China, People's Kapali aĝ -L22222 ZIZLI 140 140 — 119 

llt, P , , , 
DDR τος πο OON NF LT EEE e. κ h ος 7,199 8,808 8,824 
— ο O E τ τ Ὁ EON CURE 78,191 6,998 «600 
Japan L no S κε d 9,836 9,412 12,885 
Norgay ð ß y ο ⁰⁰ydp y LE cet d 43,866 42,259 42,778 
USER ⁵³»˙.w-ʃͤ-, ⁰ dd y ος ο te 66,000 66,000 69,000 
United States o — . eamm md W W W 
TUM Loa utc c LM IE a 7142,721 188,284 148,094 

5 "Revised. W Withheld to avoid disclosing individual company confidential data. 


uction was as follows, in short tons: 1974— 11,990; 1975— 10,171; and 1976—NA. 
approximately 50% 


SSecondary production 
3Excludes United States production, which in previous years accounted for of the total. 
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TECHNOLOGY 


Conditions for fluxless melting of magne- 
sium metal in an air/sulfur hexafluoride 
atmosphere were, described. Sulfur hexa- 
fluoride concentration levels to protect mol- 
ten magnesium metal and alloy were deter- 
mined to be a function of surface tempera- 
ture and degree of surface agitation. The 
possible toxic effects of sulfur hexafluoride 
were also evaluated.? 

A model was developed describing the 
rates of back reaction in a magnesia re- 
duction cell. It was concluded that the 
chlorine dissolution rate was not the limit- 
ing factor in the back reaction between 
magnesium and chlorine in the electrolytic 
production of magnesium, flow of the mol- 
ten bath in the cell was turbulent, transport 
of reactants to the reaction zone did not 
control the reaction; and small variations in 
the dispersion of magnesium metal droplets 
in the melt could increase the magnesium 
dissolution rate and cause significant cur- 
rent loss.“ 


A paper described the silico-thermic 


magnesium plant operated by the Société 
Francaise d' Electrométallurgie at Marig- 
nac, France.* 

A new anodic electrolytic treatment for 
magnesium and its alloys that produces a 
protective coating superior and economi- 
cally competitive with available commercial 
coating was described.* 

Molten pig iron was desulfurized by in- 
jecting a mixture of lime and particulate 
magnesium metal or magnesium-aluminum 
alloy beneath the surface of sulfur contain- 


ing pig iron. This process also avoided 
excessive slag buildup.‘ 

A method for selective solution mining of 
magnesium chloride hexahydrate from an 
underground deposit of carnallite or bis- 
chofite was described. A low saturated mon- 
ohydric aliphatic alcohol containing 1 to 4 
carbon atoms per molecule was injected into 
the deposit to dissolve magnesium chloride 
hexahydrate. The solvent containing mag- 
nesium chloride hexahydrate was pumped 
to the surface for processing leaving a 
leached residue containing potassium chlo- 
ride and sodium chloride. The magnesium 
chloride could be used in the production of 
magnesium metal. The remaining 
undissolved residue could be pumped or gas- 
lifted to the surface for extraction of other 
mineral values.’ 


ittee, 
v. 1, pp. 545- 


3 Aarebrot, E., R. E. Andresen, T. Ostvold, and H. A. Oye. 
A pid. 1 — — .— 
: t Metals ‘Society 
ew v. 

R. L'U i 


a, 3 PP ndi 


*Koros, P P. J. ( ed to Jones & La ). 

C pu S. Pat. 8,996,625, Dec. 21, eel Corp.. 
„ 8 Mining of 
Magnesium . US i^ 8,998,492, 
Dec. 21, 1976 


Magnesium Compounds 


By Benjamin Petkof: 


Austria, Greece, the U.S.S.R., the Peo- 
ple's Republic of China, and North Korea 
continued to provide the major portion of 
world magnesite supply. Domestic pro- 
duction of almost all categories of magne- 
sium compounds increased compared with 


1975. 

Exports of magnesite and magnesia to- 
taled 81,494 short tons, a decline of 11% 
from those of 1975. Imports of processed 
magnesite declined sharply from those of 
1975. | 


Table 1.—Salient magnesium compound statistics 
(Thousand short tons and thousand dollars) 


1976 


1972 1973 1974 1975 
United States: i 
Ca i specified magnesias 
Shipments by producers: 
uan in a ie ee ⁵˙¹N i 128 1 14 120 134 
πο σκορ μαμα 15,856 26,929 21,916 17,207 28,277 
Exports: Vale 3,377 4,196 5,088 4,538 5,422 
Imports for consumption: Value 675 134 692 502 808 
used by pr 
Sold and by producers: 
Tay nn NOE AEE το EEEE A E 696 807 803 709 768 
alus ο ο i κκ 8 60,331 69,904 77,044 103,839 106, 522 
Exports: Vale 5,903 6,104 7.749 14.1 13,466 
E idus Value. a te a ere 9,300 13,469 16,463 20, 13,976 
-burned dol 
Sold and used by producers: 
Nd N iut d 1,075 1,250 1,277 914 1,007 
ο Roo w ee 20,158 28441 82,078 31.193 81,079 
World: Crude magnesite production: 
Quantity ωρών mme 9,884 10,162 711,097 711,147 10,598 
1Excludes caustic-calcined magnesia used in production of refractory magnesia. 
*Caustic-calcined magnesia only. 


DOMESTIC PRODUCTION - 


Magnesium compounds were produced 
primarily from some type of natural brine 
solution. Natural magnesite and olivine 
were produced only at a few operations in 
the United States. 

Barcroft Co. The Dow Chemical Co.; 
Harbison-Walker Refractories Co.; Kaiser 
Aluminum & Chemical Corp.; Merck & Co., 
Inc; and Michigan Chemical Corp. pro- 
duced magnesium hydroxide from seawater 
and well brines. This magnesium compound 


was used primarily to produce magnesia for 
the manufacture of basic refractories. Re- 
fractory magnesia was produced by Basic, 
Inc.; Basic Magnesia, Inc.; Corhart Refracto- 
ries Co., Inc.; A. P. Green Refractories Co.; 
Harbison-Walker Refractories Co.; Kaiser 
Aluminum & Chemical Corp.; and Martin- 
Marietta Chemicals. Total production of 
refractory magnesia in 1976 was 127,622 
tons. 


1 Physical scientist, Division of Nonferrous Metals. 
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Total 1976 production of caustic-calcined 
magnesia was 160,364 tons. Producers of 
caustic-calcined magnesia were Basic, Inc.; 
Basic Magnesia, Inc; The Dow Chemical 
Co.; Kaiser Aluminum & Chemical Corp.; 
Martin Marietta Chemicals; and Michigan 
Chemical Corp. Merck & Co., Inc.; Michigan 
Chemical Corp.; and Morton Chemical Co.; 
produced 15,236 tons of specified magnesia. 
The Dow Chemical Co, Mallinckrodt 
Chemical Works, and Philadelphia Quartz 
Co., produced magnesium sulfate. Magne- 
sium carbonate was produced by 
Mallinckrodt Chemical Works; Merck & 
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Co., Inc.; Michigan Chemical Corp.; and 
Morton Chemical Co. 

Magnesium chloride was produced by 
American Magnesium Co., The Dow Chem- 
ical Co., Western Magnesium Corp. (former- 
ly FMC Corp., plant facilities sold to West- 
ern Magnesium Corp., March 1976), Great 
Salt Lake Minerals & Chemicals Corp., and 
Kaiser Aluminum & Chemical Corp. 
Magnesium chloride was used primarily to 
produce magnesium metal. Domestic pro- 
ducers of magnesium compounds by raw 
material source, location, and capacity fol- 
low: 


Capacity 
Raw material source and producing company Location (nar t tons 
equivalent) 
Magnesite: Basic, nne Gabbs, Ness 150,000 
es: 

Great Salt Lake Minerals & Chemicals Corp --------- Ogden, t! 100,000 

wal Kaiser Aluminum & Chemical Cort endover, Uta 50,000 

The Dow Chemical Co „ Ludington, Mich -.-..-. 250,000 

Marietta Chemical Manistee, Mich 280,000 

Chemical Corp . --- --------------- St. Louis, Mich 25,000 

Morton Chemical Coo Manistee, Mich 5,000 
Seawater: 

E MUCRONE ETC A TER Lewes, Deo!!! 5,000 

Basic or ης A ο πώ κας» Port St. Joe, Fla 100,000 

Corhart as a ee Pascagoula, Miss 40,000 

The Dow „ eres ass er i C port, 1e 100,000 

Harbison-Walker Refractories CcOo -. -.-. -. -. Cape Μαν, NJ )J) 100,000 

iser Aluminum & Chemical Corp __ _ Moss Landing, Calif... . _ _ _ _ 150,000 

Merck & Co., IinEkkkkL?s „ South San Francisco, Calif. 10,000 

estern esium Cors Chula Vista, Calif... _ 5,000 

TOU soie a n LM ee NT ULM ο ο ποστς ta A E: 1,870,000 

CONSUMPTION AND USES 
Domestic use of almost all magnesium value. 


compounds increased in 1976, a reversal 
from the pattern of 1975. Refractories man- 
ufacture continued to be the major end use 
for magnesia. Refractory magnesia con- 
sumption increased 846 in quantity and 396 
in value over 1975. Consumption of caustic- 
calcined and specified magnesias increased 
12% in quantity and 64% in value, magne- 
sium hydroxide increased only slightly in 
quantity but 44% in value, and magnesium 
sulfate increased 18% in quantity and 54% 
in value. Magnesium carbonate consump- 
tion decreased 21% in quantity and 7% in 


The quantity of caustic-calcined and 
specified magnesias used to prepare agricul- 
tural, nutritional, and pharmaceutical pro- 
ducts increased 13%; construction mate- 
rials decreased 36%; and chemical process- 
ing, manufacturing, and metallurgical in- 
creased 22%. 

Magnesia had a broad area of use in- 
cluding the production of animal feed, fer- 
tilizers and pharmaceuticals, and other 
chemical processing and manufacturing 
applications. 
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Figure 1.—Consumption and shipments of magnesia in the United States. 
Table 2.—Magnesium compounds shipped and used in the United States 
1975 1976 
= = πε E 
tons) sands) tons) sands) 
Caustic-calcined’ and specified (USP and 
ας NE NE NE - 
— -- ------- 41408 "RES NEP - 
Precipi magnesium carbonate 6,982 1,605 5,535 1,496 


!Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 
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Table 3.—Domestic shipments of caustic-calcined and specified magnesias, by use 
(Short tons) 
Use 1975 1976 
iculture, nutrition, and ticals: 

777% %⁰qͤmm RR 29,371 29, 359 
Fonli bolo eden a ͤé(ꝝd . 8 7,840 7,695 
Medicinals and pharmaceuticals ____________________________________ 2,186 2,548 
Sugar and candy __ n , . tee W W 
Winemaking l l u ο ³oÜ¹¹ οδών AAA τα. W W 

Total cec ο uL LU ³ Ü 0 EU σος UE LT 39,229 44,898 

Construction materials: 

Insulation and wallboard ..... . _ cL 222 22222222222 (3) (1) 
Oxychloride and oxysulfate cement ...........................-..-.-. -. -. --.-. -..- -.-. -. -..-. -. -..-. -..--.-. -. 18,456 11,797 
Total ο τε ERE E πο πο p κο πω ος 18,456 11,797 

Chemical processing, manufacturing, and metallurgical 

)) ο ο νεο ο IRE 7,481 10,051 
Electrical heating rosssslll -...- --.-.-----------.---------------------------------.-- -.-- sag n 
Petroleum additive _____________________________________-_____.- 8, 10,955 
,, e ß ee a ee eta 2 12,799 12,997 
Rayon _______________________________ ee 10 10,095 
R “-Πδισ--ττττττ--ττττττττττττττ---ττ----τ---------- 1815 12,108 
Stack h ⁰ Zulu >u αξίας T ee S S — 
Uranium τὸν 2 E T RG o A ACSA 55 55 s W W 
Water treatment ———. nou . . κ... 2,258 5,688 
77///Göö0õöõ00— ——ͤ S ο ·⁰¹--mü wm ð y EL 61,866 15,418 
Unspecified uses ................----....--.--------------.---.-.-.-.-.-.-.-.-.-.-.-... NER 2, 

Grand total o s ͥ ͥ‚ ⁰¹¹iwuſ ͥ˙¹ -m See 119,551 134,458 


W Withheld to avoid disclosing individual ο q confidential data; included with '"Total." 


Included with “Oxychloride and oxysulfate cemen 


PRICES 


The prices for magnesia, natural, techni- 
cal, heavy, 85% and 90% (bulk, carlot. and 
truckload, f.o.b. Luning, Nev.) were quoted 
at yearend at $120 and $140 per short ton, 
respectively, according to the Chemical 
Marketing Reporter. Magnesia, technical, 
neoprene-grade, light, was quoted at $346 
per ton (bags, carlot and truck]oad, works). 

Prices throughout 1976 for magnesium 
carbonate, technical (bags, carlot, freight- 
equalized) were quoted at $0.22 to $0.23 per 
pound, and NF-grade, $0.30 to $0.31 per 


pound. During the year, the price for 
magnesium hydroxide, NF, powder, (drums, 
carlot and truckload, works) was $0.35 to 
$0.36 per pound. Magnesium chloride, hy- 
drous, 99%, flakes (bags, carlot, works) was 
quoted at $140 per ton at yearend. 

The price for magnesium sulfate, techni- 
cal (bags, mixed carlot, 10,000-pound mini- 
mum, works) was quoted at $0.09 per pound 
at yearend. In bulk lots it was $0.085 per 
pound. 


FOREIGN TRADE 


Dead-burned magnesite and magnesia ex- 
ports declined 14% in quantity and 5% in 
value from those of 1975. Shipments to 
major countries decreased significantly 
during the year. Canada received 59% of 
total exports; West Germany, 24%; and 
Mexico, 5%. 


Magnesite exports including crude, 
caustic-calcined, lump or ground, declined 
11% in quantity and 19% in value from 
those of 1975. Shipments to Canada, Vene- 
zuela, Australia, West Germany, and Mexi- 
co accounted for 66% of exports in this 
category. 


MAGNESIUM COMPOUNDS 


Imports of lump, ground and caustic- 


calcined magnesia increased 43% in quan- 
tity to 8,194 tons and 6196 in value in 1976. 
Most of the imports were from India (66%), 
Australia (18%), and Turkey (1196). Imports 
of dead-burned and grain magnesia and 
periclase containing a maximum of 4% lime 
decreased 34% from 125,540 tons in 1975 to 
82,676 tons in 1976. Imports of this category 
have declined annually since 1978. Imports 
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of the same material, but containing over 
490 lime, declined 83% in quantity and 87% 
in value to 5,859 tons and $542,000, re- 
spectively. Total imports of crude and pro- 
cessed magnesite declined 41% from 
162,048 tons in 1975 to 96,229 tons in 1976. 

Imports of specified magnesium com- 
pounds and compounds not specifically pro- 
vided for were valued at $2,266,000, an 
increase of 26% over that of 1975. 


Table 4.—U.S. exports of magnesite and magnesia, by country 


Magnesite and i Magnesite, n.e.c., including crude 
dnd burned caustic-calcined, lump or ground 
Destination 1975 1976 1975 1976 
Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short. (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
Argentina _ _ _ _ T: E 8,319 $582 51 $36 60. $46 
Australia 225 $34 -- M 216 170 731 624 
AustriaKaKkn 4,418 της 754 171 Mx * 6 4 
Belgium-Luxembourg _ _ _ _ ΕΠΕ E ἜΝ τα 91 17 46 29 
Brazil __ _ _ ea 51 41 98 94 50 112 81 
Canada _______ CERE, DM 48,438 6, 970 42,043 7, 038 2,410 1,118 8,086 1,292 
Chip ²˙ a 1,729 309 294 54 6 52 25 
Colombia ΚΗ; (1) 29 14 ΤΊ 48 δ4 43 
Denmark 11 2 22 7 zn = E M 
Finland  )... —- 17 =: ae 48 32 18 62 
France ___ .... . 8 983 177 271 168 343 2282 
Germany, Wett 14.499 3, 172 17,085 3, 675 1654 461 667 465 
gras L i es RE κι. rad 28 18. 22 15 
]taly — %¼ 1,200 230 OR EUM 263 135 895 225 
Japan 15 12 33 36 84 85 155 
Korea, Republic ff -- ΝΕ λος = 7 5 9 8 
Mexico 7,609 1,141 3,544 461 14 9 635 94 
Netherlands 15 15 961 756 261 185 
Netherlands-Antilles . _ _ _ 4 4 2 65 9 Sa ΚΡ 
New Zealand 16 15 16 15 36 32 133 127 
Philippines = ee Se dus 2 3 a s 2 — 12 4 36 
Sou i 
Republic ffn 8,265 891 183 180 154 92 172 86 
Spain __ coc sus 18 9 8 8 62 41 273 48 
Sweden 44 42 22 23 343 289 357 380 
Switzerland __________ 16 5 μις "m 2 1 n s 
ian a He -- ου 24 10 41 25 
USSR. —————— c = MS E M "t ΕΝ TNR = 
United Kingdom 767 418 478 401 449 281 496 880 
Venezuela ..................... E m i το 258 78. 1,586 517 
Yugoslavia ο. _ ΕΠΗ ee ==: - 2,291 523 23 21 
»» A 119 7729 2, 309 492 157 93 381 146 
Total lnc 82,654 14, 146 71.373 13, 466 9,098 4,538 10,121 5.422 


Less than 1/2 unit. 
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Table 5.—U.S. imports for consumption of crude and processed magnesite, by country 


1975 1976 
Coun Quantity Value Quanti Value 
d (short (thou- hort. (thou- 
tons) sands) tons) 
Lump or ground caustic-calcined magnesia:! 
Australie: u utu .. 8 692 $102 501 = 
τι. ee ο το ee ee 4,298 286 5,427 406 
JEDER ats ei eee 2 8 175 20 
Netherlands 167 24 208 27 
ολ ιο ⅛³;29 εκ ea d cs 6 2 per ΜῊΝ 
/ te i ae 551 80 881 125 
i RC E LE 5,716 502 8,194 808 
Dead - burned and grain magnesia and periclase: 
Not containing lime or not over 4% lime: 
Australia e ἐς xu 607 8⁴ ae S 
Austria ο q uu DE E DELE 2,200 280 - 8,878 894 
ο πι U... u y να erm MM 67 18 231 4 
China, People's Republic of i s — ais 2s 
Τ᾽ 1,694 215 BR κ. 
J)ͤõ§ĩÄ06T— :.t n v eu 8 (2) 1 EM __ 
ει. μμ cL er ³o¹1- y 68,844 11,713 83,094 5,638 
Ireland. oe i a 40,756 6,759 662 1,968 
JJ LT ZZ cce uL ee 1,653 214 8,816 512 
— — BS - - 
ni Om c ul idc y usss : HT "9 
Yugoslavia ___________ c2 222222222 2,209 239 E ος 
Total- ----------------------——- 125,540 20,588 82,676 18,976 
Containing over 4% lime: 
trt Lice 88 6,185 814 ο. T 
Canada- -o ſ!i. 5˙w ...... 900 50 410 47 
3833 GV» ³oW1 esI E A NO 1 
San a 1770 ES 4,548 408 
nited Kingdom ..........-------2-2---- ; ΕΕ zz 
Yugoslavia ..................-----------.------------.-- 9,795 1,882 ae = = 
το ας d d Ds 80,792 4,080 5,859 542 
Total dead-burned and grain magnesia 
and periclase .............--------.--------------------- 156,332 24,668 88,035 14,518 


tons ($280 


!In 2 αἱ crude ig pes was imported as follows: 1975—India, 7 short tons ($577), the United Ki 
8 


*Tess than 1/2 unit. 


Table 6.—U.S. imports for consumption of magnesium compounds 


Oxide or Magnesium 
calcined carbonate! 
magnesia ipitated) 
Year 
Quan Value η Value 
ü ti 
(short daret (short . — 
tons) tons) 
1974 357 $231 117 $109 
1975. 360 148 63 97 
1916... 299 332 80 108 
1In addition, magnesium 
($2,226); 1976—2 short tons ($915). 


chloride 
(anhydrous) 


158 


428 


108 


Kingdom, 3 short 
9 A mers tons ($456), Japan, 10 short tons ($590), Mexico, 2 short tons ($519), and the United 


esium esium 
sulfate (epsom ts and 
salts and compounds 
kieserite) n.s.p.f.? 
AE E 
tona) sands) tons) sands) 
25,644 $102 5,898 $863 
32,991 1,070 2999 421 
199 1,109 2,874 4651 


Not specifically provided for; includes magnesium silicofluoride or fluosilicate and calcined magnesium. 


carbonate not precipitated, was imported in 1974—19 short tons ($6,961); 1975—6 short tons 


MAGNESIUM COMPOUNDS 
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Figure 2.— Value of U.S. exports and imports of magnesia. 


WORLD REVIEW 


Greece.—In October 1976, the Financial 
Mining-Industrial & Shipping Corp. (FIMIS- 
CO) of the Scalistiri Group began tests at its 
pilot plant at Mantoudi, Euboea for its 
proposed $50 million plant for the pro- 
duction of refractory-grade magnesia from 
seawater and dolomite. Harbison-Walker 
Refractories International (a division of 
Dresser Industries, Inc.) will provide techni- 
cal assistance for this project. Ten percent 
of investment costs were budgeted for envi- 
ronmental protection. 

Near the end of 1976, FIMISCO began 
production of Magflot, a briquetted dead- 
burned magnesite produced from processed 
low-grade magnesite and wastes by proprie- 
tary technology. This new $10 million 
50,000 ton-per-year-plant at Mantoudi, has 
a flotation plant, a Herreshoff and shaft 
kiln, and a briquetting press. 

The Macedonian Magnesite Mining- 
Industrial and Shipping Corp., another Sca- 
listiri Group company, received Govern- 
ment approval to expand and improve 
magnesite mining and shiploading facilities 
at Ormilia, Chalkidiki. Authorization was 
also received for construction of a dead- 


burned magnesite briquetting plant similar 
to FIMISCO’s operation. 

Magnomin General Mining Co., S.A., a 
General Refractories’ subsidiary, began op- 
eration of ore beneficiating facilities in 
Chalkidiki using Belgian-Yugoslav tech- 
nology for preparing magnesite ore and 
tailings. 

India.—The Government placed an ex- 
port ban on calcined magnesite containing 
less than 9% silica. However, magnesite 
containing more than 9% silica remained 
exportable to all countries. According to 
Government sources the ban was prompted 
by an increasing domestic demand for 
magnesite. 

The Indian Mineral Exploration Corp., 
delineated areas containing magnesite de- 
posits. The Dewalthal deposit near the town 
of Pithoragarh was selected for initial de- 
velopment with a planned initial capacity of 
15,000 tons per year. Almora Magnesite 
Ltd., owned by Tata Iron & Steel Co., Ltd., 
and Didier-werke of West Germany opened 
a dead-burned magnesite plant at Almora 
in 1975. 
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Table 7.—Magnesite: World production by country! 
(Short tons) 
Country 1974 1915 19165 
North America: 
ô·ͤ ⁵7⅛²˙.öÜ. ²ꝛ x ee 24,890 48,567 25,558 
United States ae ee E Lm W w W 
South America: 
FA l cu μα ͥ dd eL E 403,072 484,428 461,868 
h S S ue Ln Sp a ie E 2, 2,000 2,200 
urope: 
AUN nni Se E M E AE E E 1,597,885 1,895,858 1,021,834 
Czechoslovakia  ..............................-.......-..- .-..-.. -.. 698, 129,129 718,706 
TÓBOB o on ⁰² τος J 886 1,508,818 1,572,082 653,520 
Poland —— e . C a ME f Lt ss 26 29, 28,219 
οι Πω ris I E s E. 292,454 377,084 830,693 
USSR! nur veles ο σος ο σε Su Sus sss 71,920,000 1,980,000 1,980,000 
Yugoslavia. nus ð : r 8 510,932 584,952 481, 
Kenya, no ß ep Bee ere *11,000 18,519 €18,700 
Rhodesia, Southern? ________________________________ 22,000 22,000 
South Africa, Republic of -—------~---------—------——-——- 115,817 67,464 69,289 
Sudan ³¹Ü.. eee ae EL ACD ee 11 110 110 
Tanzania? S S S s s usce cU y 55 55 55 
Asia: 
China People’s Republic off 1,100,000 1,100,000 1,100,000 
P1111 τος c 292, 699 490 861,476 
[μὰς . τ--------------------------------------- P ree 17,600 NM oe 
Koréa North. ᷑ü˙ ð d dy d Eds cues 1. 900, 000 1,900,000 1,900, 
Ροκ τς nuc σώος πώ απο a eee 8,163 2,864 
λοιπών y μα S ants 629,162 505,816 441,539 
Oceania: 
Australia__---------------------------------———- το] 216 17,866 *15,400 
New Zealand —.— anl ee e 911 872 887 
Ίσι......».'ο- SUR TTT... ⅛ - ĩðͤ . RUSN 111,097, 448 11,147,843 10,597,911 
Estimate. PPreliminary. TE W Withheld to avoid disclosing individual company perque data. 
‘Figures V In addition to the countries listed, Bulgaria and Canada produce 
magnesite, but output is not reported and available information is inadequate to make reliable estimates of output levels. 
beginning March 21 of that stated. 


TECHNOLOGY 


The Bureau of Mines developed a special- 
ly formulated magnesium oxysulphate ce- 
ment for use as a sealant in underground 
coal mines. The cement was designed to 
reduce sloughing of shale roofs and coal 
ribs, to reduce air losses through block 
stoppings, for constructing sprayed stop- 
pings over jute cloth or metal lath, and to 
decrease combustibility of polyuréthane 
foam. The cement was evaluated 
underground.? | 

Blast furnace operation was improved by 
the addition of 1% to 2% crushed olivine to 
a charge containing a high alkali metal 
oxide content. The addition of the olivine 
removed a substantial part of the alkali 
metal oxides. The olivine was included in 
the ore briquettes, fine iron oxides, coke, or 
other charge materials.? 

Samples of commercial burned magnesite 


Metal 


refractories, as well as specially prepared 
samples of magnesite were studied to deter- 
mine fracture energies. It was noted that 
the factors of temperature, chemistry, and 
microstructure significantly affected the 
fracture energies of these materials. The 
experimental results indicated that control 
of the coarse grain size distribution can be 
used to prepare refractories with improved 
fracture and thermal shock resistance.‘ 


*Fraley, J. E., and R. E. Simpson. Magnesium Oxysul- 
fate Cement Sealant in Coal Mines. BuMines RI 8150, 


: 1976, 17 pp. 


*Ellenbaum, F. H., and R. Ciesco. (assigned to Molten 
Co.). Use of Olivine in Blast Furnace 
T U.S. Pat. 3,966,456, June 29, 
1976 

*Uchno, J. J., R. C. Beadt, and D. P. H. Nasselman. 
Fracture Surface Energies of Magnesite Refractories. Am. 
Ceram. Soc. Bull., v. 55, No. 7, July 1976, pp. 665-668. 


Manganese 


By Gilbert L. DeHuff: 


There was neither production nor ship- 
ments of manganese ore containing 3596 or 
more manganese in the United States in 
1976. Production of ferromanganese fell off 
in the seeond half of 1976, while imports of 
the alloy exceeded the high level of 1975 
and were the highest on record. Imports of 
manganese metal were high, coming mostly 
from the Republic of South Africa. The 
price for imported standard high-carbon 
ferromanganese fell during the year to 
levels considerably below the published pro- 
ducer price, which remained unchanged at 


$425 per long ton after a $15 drop early in 


January. Overall consumption of man- 
ganese increased over that of 1975. The 
General Services Administration (GSA) 
established new stockpile goals for man- 
ganese ores, alloys, and metal, but these 
were later suspended by the new admini- 
stration. There were few sales of Govern- 


ment manganese stockpile excesses, but. 


deliveries continued to be made in fulfill- 
ment of earlier sales contracts. These were 
mostly of ore. 

Legislation and Government  Pro- 
grams.—On October 1, GSA established 
new stockpile goals for manganese. These 
are listed here in short tons, gross weight, 


with the immediately previous objectives 
shown in parentheses: Natural battery ore, 
12,736 (10,700); synthetic dioxide, 19,105 (ze- 
ro) chemical ore (no longer broken down 
into two types), 247,136 (25,600 equally di- 
vided between types Α and B); metallurgical 
ore, 2,052,000 (750,500); high-carbon ferro- 
manganese, 439,000 (200,000); medium- 
carbon ferromanganese, 99,000 (10,500); sili- 
comanganese, 81,000 (15,900); and electro- 
lytic metal, 15,000 (4,750). These goals were 
suspended by the new administration early 
in 1977 pending further study. 

Sales of Government manganese stock- 
pile excesses for the calendar year, as re- 
ported by GSA, were as follows in short tons, 
(gross weight): Natural battery ore of stock- 
pile grade, 123; synthetic dioxide, 545; 
chemical ore, 1,000 of type À and 6,000 of 
type B; metallurgical ore, 20,613 of stock- 
pile grade and 22,047 of nonstockpile grade. 

Government stockpile physical inventory 
changes for manganese items in calendar 
year 1976, all decreases, consisted of the 
following (short tons, gross weight): 
Stockpile-grade natural battery ore dropped 
1,631 tons to 250,441 tons; synthetic dioxide, 


t, Dupervisory physical scieritist, Division of Ferrous Me- 


Table 1.—Salient manganese statistics in the United States 


(Short tons) 
1972 1973 1974 1975 1976 
8 ore 5 or more Mn): 

Im Bor yates „7000 EE 1 620,252 1 509,793 1,225,088 1,574,045 — 1,916,812 
— . e τ: 2,881,459 2,140058 1,880,176 1,818,983 1,600,873 

erous ore , 
: Production 3 147,161 203,055 272,908 71592225  . 256,688 
"production ction __ raan 800,723 683,075 544,961 575,809 482,662 
Ἐν ο ο ο σα ο PN On 6, 8,514 7.011 92300 ^ 6,789 
Imports for consumption .........------------------ 348,589 ` 1 421,222 . $97,212. 587,409 
mptiun «6 5 867.968 ` 1,116,602 1,115,995 881.527 896,775 
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2,882 to 8,006 tons; chemical ore, 10,770 to furnaces producing manganese ferroalloys, 


grade, 644,884 to 4,969,528 tons; metallurgi- were limited by these regulations to less 
cal ore, grade, 21,686 to than 0.51 pound per megawatt-hour. 
1,319,030 tons; and ferroman- The National Stockpile Purchase Specifi- 


ganese, 7,721 to 599,757 tons. Stocks of cation for Manganese Metal, Electrolytic, 
nonstockpile-grade natural battery ore re- was revised June 9, 1976 (P-98-R3) by the 
mained unchanged at 54,899 tons; medium- Bureau of Domestic Commerce, US. De- 


a cadre ο“ the Federal Preparedness Agency, GSA. It 


In May, the Environmental Protection by weight as 99.9% total, 99.7% metallic; 
Agency issued national air pollution control decreased maximum hydrogen from 0.015% 
regulations for electric submerged arc fur- to 0.010%; increased maximum sulfur from 
naces and associated dust-handling equip- 0.024% to 0.030%; and decreased maximum 
ment, construction or modification of which carbon and phosphorus from 0.01% and 
began after October 21, 1974. For such 0.00596 to 0.005% and 0.001%, respectively. 


DOMESTIC PRODUCTION i 


There was neither production nor ship- Mountain area, was mined in Cherokee 
ments of manganese ore, concentrate, or County, S.C., by brick manufacturers or 
nodules, containing 35% or more man- contractors for use in coloring brick at 
ganese, in the United States. Ferruginous South and North Carolina brick plants. 
manganese ores or concentrates containing Material from some pits had a manganese 
10% to 35% manganese were produced and content greater than 5% and less than 10%, 
shipped in the Cuyuna Range of Minnesota, or possibly 15% at the most, whereas mate- 
and manganiferous iron ore containing 5% rial from others contained less than 5% 
to 10% manganese was produced and manganese. Because few operators analyze 
shipped in New Mexico. Manganiferous the material, the quantity that might con- 
schist, clay, or other earthy material, asso- tain 5% or more manganese can only be 
ciated with the manganiferous member of estimated. The total such quantity mined in 
the Battleground schist of the Kings 1976 appears to have been about 9,000 tons. 


Table 2.—Manganese and manganiferous ore shipped: in the United States, by State 


(Short tons) 


k- mos to 35% 
J a E 149 12,880 202,271 1 
— J 8 eae 5,696 ae ites 
Total ae ))3), s s s 168,725 18,576 202,271 25,891 
iron ore (5% to 10% Mn, natural): "m 
ACRAS - IT τῇ 3300 «δ 
Todi. ιο 8 r e500 r 635 54,962 5,106 
Total manganiferows oro 159.225 718,611 256,633 80,996 
Value of manganese and manganiferous ore 7$1,412,912 A $2,260,209 = 


of production for compiling U.S. mineral production value. They are 
evanidered 0o bs Im manrkatabis — — 
concentrate and made from domestic ores. 


MANGANESE 
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CONSUMPTION, USES, AND STOCKS 


In the production of raw steel (ingots, 
Coatinuous- or pressure-cast blooms, billets, 
sls, etc., and including steel castings), 
comumption of manganese as ferroalloys, 
met], and direct-charged ore, as reported 
to the Bureau of Mines by consumers, was 
12.2 pounds per short ton of raw steel 
produced. Of this total, 10.6 pounds was 
ferromanganese; 1.4 pounds, silicoman- 
ganese; 9.01 pound, spiegeleisen; 0.2 pound, 
metal; ard 0.01 pound, manganese ore (con- 
taining 35% or more manganese). The com- 
parable 1975 total, on the same basis, was 
13.3 pounds with ferromanganese at 11.4, 
silicomanganese at 1.6, spiegeleisen at 0.08, 
metal at 0.2, and ore at 0.02. In addition to 
the aforementioned consumption of man- 
ganese in 1976, there was consumed per ton 
of raw steel produced approximately 1.0 
pound of manganese contained in man- 
ganese ore used in making pig iron or 
equivalent hot metal. The comparable fig- 
ures for 1975, 1974, and 1973 were 1.3, 1.2, 
and 1.1 pounds, respectively. 

Producers of manganese ferroalloys and 
metal were beset with problems of rising 
transportation, labor, raw material, pollu- 
tion control, and energy costs; availability 
of sufficient energy without interruption; 
general inflation; a deluge of imports at low 
prices; and a demand that fell short of 
expectations because of a poor second half 
year for the steel industry. 

Electrolytic Manganese Metal.—All of 
the manganese metal produced domestical- 
ly, and virtually all of that imported, was 
electrolytic metal. Virtually all of the metal 
consumed was electrolytic metal, although 


some low-carbon ferromanganese (such as 
the domestically produced “Massive Man- 
ganese” or the imported “Gimel Metal") 
and some manganese-aluminum additives 
may have been erroneously reported by 
consumers as manganese metal. The metal 
that was used to make manganese-alumi- 
num additives is included in table 4 under 
the "Alloys (excludes alloy steels and super- 
alloys)" category. These additives are not 
knowingly included in the table, it being 
desired to report consumption at the metal 
rather than the additive level of the usage 
cycle. 

Production of electrolytic manganese 
metal increased to 28,966 short tons from 
22,141 tons in 1975. Production was by the 
same three plants of the same three compa- 
nies: Foote Mineral Co., New Johnsonville, 
Tenn.; Kerr-McGee Chemical Corp., Hamil- 
ton (Aberdeen), Miss.; and Union Carbide 
Corp, Marietta, Ohio. Newmont Mining 
Corp.'s interest in Foote Mineral Co. was 
90.692. 

Ferromanganese.—Bethlehem Steel 
Corp., at Johnstown, Pa., and United States 
Steel Corp., at McKeesport, Pa., were the 
only domestic blast furnace ferroman- 
ganese producers. U.S. Steel stopped pro- 
duction in March and Bethlehem had its 
ferromanganese furnace on pig iron for part 
of the year. As in 1975, electric furnaces 
were used to produce ferromanganese by six 
companies in eight plants: Airco Alloys 
Div., Airco Inc, Calvert City, Ky.; Ohio 
Ferro-Alloys Corp. Philo, Ohio; Roane 
Electric Furnace Co. (Engelhard Minerals & 
Chemicals Corp.), Rockwood, Tenn.; Satral- 


Table 3.—Consumption and industry stocks of manganese ore! in the United States 
(Short tons) 


Pig iron and steel 
Dry cells, chemicals and miscellaneous 


1Containing 85% or more manganese (natural). 


Consumpti Stocks 
= Dec. 31, 
1975 1976 1976 

H! ανν , 1,268,581 1,766,524 
ο ο πιω δια 176,167 143,761 142,180 
ον πο μα 578 198,581 846,988 
REEERE AEE ees 2 1,818,988 1, 600,878 2,255,642 
7. ώς 75,755 81,607 179,919 
Fesser ος ος 1 743,228 1,519,266 — 2,075,723 
ποσα ONU 1,818,983 1, 600, 878 2,255,642 
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Table 4.—Consumption, by end use, and industry stocks of manganese 
ferroalloys and metal in the United States in 1976 
(Short tons, gross weight) 
Ferromanganese 
i Silico- Spiegel- - 
End use h pene pn HER garese 
Steel: | 
ö;Üö.]0 ͥ a LE uen 601,421 104, 428 87, 888 4,107 1,296 
Stainless and heat reais ting 7,280 1,905 7.787 -. 5,888 
Ful) alloy —— —— uuum a mnes esie 77,500 20,918 27,222 823 1,027 
High-strength Ιονν-α]]ογ.....................-. -. -....-..-.....--.-..--.-΄--- 45,547 9,061 7,160 ΝΗ 617 
ROCCE o a ses 8 187 146 570 et 17 
TOOL uto ος d e ο τον. 1,777 228 29 EN 583 
TT.. ος ον U he 8 897 827 2,962 -— zou 
Total steel _-_______ ------------ 734,059 191018 133,568 4490 15288 
Cmt Dons un o ͤgxddv . 16,789 1,296 16,006 4,960 134 
Allen ent ο αν ασ ο τι κ ĩð Vb ĩ 8 24 W W tox 816 
(excludes alloy steels and 
Rupe na LO NEMORE ND απ ee ass: 4211 1,772 8,008 22 11,865 
Miscellaneous and unspecified _________-_________ 875 945 1,951 e 1,048 
Total consumption ...............------------.-- -..-.. -- -. -.. 755,749 141026 154,528 9,12 28,126 
Stocks, Dec. 31: 
Consumer S S s l ce idea mud ed. 169,313 20,482 23,999 W 4,910 
Producer s yt 8 86,918 25, 765 88,129 w 1,118 
Total stocks ..............--------------.------ 256,231 46,247 62,128 8,066 11,548 
W Withheld 7 avoid disclosing individual company confidential data, included in Miscellaneous and unspecified" 
where applicab 
Virtually all electrolytic. 


Table 5.—Ferromanganese and silicomanganese produced in the United States and 
manganese ore’ consumed in their manufacture 


Production 
ore! consumed 
8 (gross weight, short tons) 
Ἔν G ipei | uud eam 
τους - ton erroman- 
weight Manganese content anese Foreign? ' ferroman- ganese and 
(short — Percent Snort tons (gross oreign Domestic — ganese — 
short tons) made 
19722 800,723 78.3 621,858 158,000 1,896, 25, 2.8 20 
1978 075 78.8 538,119 184,000 1,648,806 25,912 2.4 1.9 
1974 544,361 78.0 424,405 196,000 1,348, 2.6 1.8 
1975 ------- 575,809 78.9 454,309 1 1,889,900 48,011 24 19 
1978 482,662 79.0 881 328 129,000 1. 208, 336 ; 2.5 2.0 
1Containing 95% or more manganeee (natural). 
*Includes ore used in producing silicomanganese and metal. 
*Includes ore used in producing sili 
“Ratio of ore consumed to ferromanganese produced if silicomanganese is considered a special grade of ferroman- 
ganese. 
loy Inc. Div., Satra Corp., Steubenville, a 6-year lease agreement that provided for 


Ohio; Tenn-Tex Alloy Corp. of Houston, 
Houston, Tex.; and Union Carbide Corp., 
Alloy, W.Va., Marietta, Ohio, and Portland, 
Oreg. Fused-salt electrolysis continued to be 
used by Chemetals Div., Diamond Sham- 
rock Corp., Kingwood, W. Va., to make low- 
carbon ferromanganese gold under the 
trade name of Massive Manganese. Dou- 
bling of plant capacity to 17,000 short tons 
of product per year was completed. Tenn- 
Tex Alloy Corp. of Houston, a subsidiary of 
Sandgate Corp., continued to operate under 


all production to go to Union Carbide Corp. 
U.S. shipments of ferromanganese from fur- 
naces totaled 494,000 tons, compared with 
556,000 tons in 1975. 

The production reported in the various 
tables of this chapter is net production; that 
is, the quantity of ferromanganese produced 
for shipment outside the producing ferroal- 
loy facility. It does not include the remelt 
material; that is, the fines, offgrade, or 
other ferromanganese output of the furnace 
that was fed back to the furnace or lost in 
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the plant, and which is included in gross 
data reported by the furnace operator. It 
does ‘nclude ferromanganese made for use 
in the company's steel furnaces at the same 
or othe: locations. 


Tabe 6.—Manganese ore used in 
producing 
ferromarganese, silicomanganese, and 
manganeie metal in the United States 
in 1976, by source of ore 


5 
conten 
Source (short nat 
tons) (percent) 
pomeste V 53,632 44 
oreign: 
Africa --------......---- 463,441 47 
Australia 123,119 50 
Brazil 394, 445 48 
Cuba! 44,351 48 
India R 502 47 
Mexico 35,972 39 
U.S. S. R  Θ.... 17,781 48 
ntified..__________ 769 rr 
Total 1,261,968 47 


Most, if not all, from U.S. Government surplus stock- 
pile disposals. 


Silicomanganese.—Production of silico- 
manganese in the United States decreased 
to 129,000 short tons from the 148,000 tons 
of 1975. This is net production produced for 
shipment and does not include silicoman- 
ganese produced for use as an intermediate 
in the same plant for the production of 
medium- or low-carbon ferromanganese. 
Silicomanganese shipments from furnaces 
were 132,000 tons, compared with 126,000 
tons in 1975 and 192,000 tons in 1974. Six 
companies used nine plants to produce sili- 
comanganese for shipment in 1976: Airco 
Alloys Div., Airco Inc., Calvert City, Ky., 
and Theodore (Mobile), Ala; Interlake Inc. 
(Globe Metallurgical Div.), Beverly, Ohio; 
Ohio Ferro-Alloys Corp., Philo, Ohio; Roane 
Electric Furnace Co. (Englehard Minerals & 
Chemicals Corp.), Rockwood, Tenn.; Tenn- 
Tex Alloy Corp. of Houston, Houston, Tex.; 
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and Union Carbide Corp. Alloy, W.Va., 
Marietta, Ohio, and Portland, Oreg. End- 
use consumption of silicomanganese—that 
is, consumption outside the ferroalloy 
plants—was 17.2% that of ferromanganese, 
compared with 18.2% in 1975 and 15.9% in 
1974. 

Spiegeleisen.—The New Jersey Zinc. Co. 
stopped its production of spiegeleisen at 
midyear. Production was from electric fur- 
naces at Palmerton, Pa. 

Pig Iron.—A total of 368,000 short tons of 
manganese-bearing ores containing 5% or 
more manganese (natural) was consumed in 
the production of pig iron (or its equivalent 
hot metal). Domestic sources supplied 
231,000 tons, of which 191,000 tons was 
manganiferous iron ore containing 5% to 
10% manganese, 33,000 tons was ferrugi- 
nous manganese ore containing 10% to 35% 
manganese, and 13,000 tons was manganese 
ore containing 35% or more manganese 
that was apparently obtained from GSA 
through its program for disposal of stockpile 
excesses. Foreign sources supplied 131,000 
tons, of which 1,000 tons was manganiferous 
iron ore and 130,000 tons was manganese 
ore containing 35% or more manganese. 

Battery and Miscellaneous Industries.— 
The ore reported in table 3 includes that 
consumed in making synthetic manganese 
dioxide by both electrolytic and chemical 
means, but it does not include consumption 
of the synthetic dioxide. Although some 
synthetic dioxide is used for chemical pur- 
poses, most of it is used in the manufacture 
of dry-cell batteries, particularly for the 
manganese-alkaline type, premium or 
heavy-duty Leclanché (manganese dioxide- 
ammonium chloride-zinc) cells, and as a 
blend with natural ore in ordinary Le- 
clanché cells. 

The domestic ore and much of the foreign 
ore used for chemical and miscellaneous 
purposes did not meet national stockpile . 
specification P-81-R for chemical-grade ore. 


PRICES 


Manganese Ore.—All manganese ore 
prices are negotiated. In addition to the 
manganese content, they are dependent on 
the chemical analysis otherwise, the physi- 
cal character, quantity offered, delivery 
terms, fluctuating ocean freight rates, in- 
surance, inclusion or exclusion of duties if 
applicable, needs of the buyer, and the 
general availability of ores that will fill 
these particular needs. Trade journal quo- 


tations reflect the paper’s evaluation of the 
market. Contract prices for 1976 delivery of 
metallurgical manganese ore, having a 
minimum manganese content of 47% to 
48%, ranged from $1.45 to $1.53 per long 
ton unit, c.i.f. U.S. ports. Because of large 
stocks in the hands of consumers and low 
demand, most contracts were not finalized 
before April. Normally they are signed in 
October or November of the preceding year. 
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Although spot purchases of ore were at one 
time a factor in the market, they were of 
little consequence in 1976 and immediately 
preceding . Contracts for ore to be 
delivered in 19T 7 had not been negotiated 
by yearend 1976. 

Manganese Alloys.—The published do- 
mestic producer price for standard high- 
carbon ferromanganese, having a minimum 
manganese content of 78%, was cut $15 
early in January to $425 per long ton of 
alloy, and it remained at that figure for the 
remainder of the year. Quotes for imported 
alloy of the same grade dropped during the 
year from a range of $390 to $415, delivered 
in the Midwest, to $345 to $355 per long ton 
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at yearend. Lower prices of the range, at 
least in the latter part of the year, were 
reported to be for large tonnages deliver- 
able through 1977; the higher pries were 
for smaller spot tonnages. Lower £rades of 
alloy reportedly brought even lower prices. 

Manganese Metal.—In September, the 
price of standard and comparable grades of 
electrolytic manganese metal -hips, packed 
in pallet boxes, increased by 4 cents to 58 
cents per pound, f.o.b. prodscer plant, for 
shipments of 30,000 pounds or more. The 
bulk price continued to be 1 cent lower. 
These prices prevailed for the remainder of 
the year. 


FOREIGN TRADE 


Exports of ferromanganese totaled 6,789 
short tons valued at $3,461,560, compared 
with 32,300 tons valued at $10,601,354 in 
1975. Of the 1976 total, Canada took 3,346 
tons; Sweden, 2,076 tons; West Germany, 
828 tons; Mexico, 166 tons; Venezuela, 133 
tons; the Dominican Republic, 121 tons; 
Brazil, 44 tons; Jamaica, 20 tons; Colombia, 
15 tons; Bolivia and Guatemala, each 11 
tons; Italy, 10 tons; Israel, 5 tons; Malaysia, 
2 tons; and Chile, 1 ton. Exports classified 
as “manganese and manganese alloys, 
wrought or unwrought, and waste and 
scrap’ totaled 4,654 tons valued at 
$3,433,918, compared with 3,256 tons valued 
at $3,318,322 in 1975. This classification 
includes electrolytic manganese metal and 
manganese-copper alloys, but it does not 
include ferromanganese. Exports of ore and 
concentrate containing more than 10% 
manganese amounted to 127,971 tons 


valued at $1,509,928, compared with 
204,523 tons in 1975 valued at $13,886,100. 
Of the 1976 total, large quantities having 
relatively low average values were distrib- 
uted as follows: Mexico, 34,000 tons; Nor- 
way, 22,000 tons; and Spain, 18,000 tons. For 
the most part, these tonnages appear to 
have been metallurgical ore obtained from 
GSA sales of Government excess stocks. 
Most of the remainder is believed to have 
been imported manganese dioxide ore that 
may or may not have been subjected to 
grinding, blending, or otherwise classifying 
in the United States. 

The average grade of imported manga- 
nese ore was 4996 manganese in 19776, the 
same as in 1975. Gabon supplied 4196 in 
1976; Brazil, 25%; Australia, 1896; and the 
Republic of South Africa, 10%. There were 
no imports of manganiferous ore (more than 
1096 but less than 3596 manganese). 


Table 7.—U.S. imports! of manganese ore (35% or more Mn), by country 


1916 1976 
Gross Mn Gross Mn 
Country weight content ne weight content 8 

tons) tons) tons) tons) 
Australian. 171,146 86,541 $8,443 636 117,367 $12,048 
ü! S s: l Gc m te zie 076 307,367 80,012 333,479 161, 108 18.088 
Cong 4 TN E E 26,572 13,286 2,288 
Gabonn- 488,078 244796 513,078 256,412 81,781 
Mexico 52,327 23, 171 1,724 89,831 18,485 1,994 
Μοτοοοο ............................................... "ρα E ee 25,782 18,688 1,545 
South A: Africa, Republic ß 206, 013 92211 9,663 187,816 60,963 5,890 
22 88 23,410 11,444 785 6,118 2,986 148 
Tol- our nin Sum b uhu 1,574,045 765,580 71,108 1,816,812 649,245 78,627 


Quantities for general imports and imports for consumption were identical. 


2Actually from Gabon 


In addition in 1976, Gabon imports reported as Congo were 26,572 tons (gross weight). 
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Ferromanganese imports for consump- 
tion increased 28% over the record high 
attained in 1974, or 3595 over the 1975 
tonnage. The Republe of South Africa, 
France, and Japan were the principal sup- 
pliers. Silicomanganese imports for con- 
sumption totaled 80,118 &ort tons contain- 
ing 58,693 tons of manganee, Sources and 
gross weight tonnages folww. Norway, 
31,825; Yugoslavia, 13,630; Brazil, 10,995; 
Spain, 6,646; Japan, 4,981; France, 3,472; 
Portugal, 3,362; the Republic of Huth Afri- 
ca, 2,759; Mexico, 1,775; Canada, 58. Chile, 
18; and Belgium, 22. Imports for consump- 
tion classified as unwrought manyanese 
metal, except alloys, and metal waste and 
scrap totaled 7,082 short tons, compa&xed 
with 4,378 tons in 1975. Of the 1976 tote, 
6,181 tons were from the Republic of South 
Africa, 483 tons from Japan, and 418 tons 
from Canada. It is most probable that the 
metal from Canada originated in the Repub- 
lic of South Africa. 

Imports for consumption classified as 

manganese compounds, other" totaled 
3,467 short tons, compared with 1,394 tons 
in 1975 and 3,086 tons in 1974. The sources, 
gross weights, and values per pound in 1976 
follow: Japan, 2,796 tons (36 cents); Bel- 
gium, 458 tons (30 cents); the United King- 
dom, 147 tons (4 cents); West Germany, 44 


“ 
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tons (15 cents); the Netherlands, 20 tons (31 
cents) ;Ireland, 1 ton (49 cents); Brazil, 1 ton 
(82 cents); and Greece, 1/2 ton (37 cents). 
The imports from Japan, Belgium, the 
Netherlands, Ireland, Greece, and possibly 
Brazil appear to have consisted largely, if 
not entirely, of synthetic manganese diox- 
ide. Manganese sulfate imports totaled 50 
tons, of which 40 tons was from Belgium 
and 10 tons from Japan. 

Tariffs.—Suspension of the duty on man- 
ganese ore from most nations, Rate 1, was 
extended another 3 years (through June 30, 
1979) by Public Law 94-560. The suspended 
tariff remained at 0.12 cent per pound of 
contained manganese. The statutory rate 
continued to be 1 cent per pound of con- 
tained manganese, still applicable to ore of 
the U.S.S.R. and the People's Republic of 
Shina. The respective rates of duty for 
Metal and the principal manganese ferroal- 
loy remained unchanged. However, as of 
Jantary 1, 1976, the United States accorded 
duty- tee treatment under the Generalized. 
System of Preferences (GSP) to imports of 
ferromanganese and silicomanganese from 
developing nations. A petition of The Fer- 
roalloys Association to the Office of Special 
RepresentatNe for Trade Negotiations for 
relief from thix action was rejected. 


Table 8.—U.S. imports for consumption of ferromangaxese,by country 


1975 1976 
Gross Mn Gross Mn 
Country weight content ue weight content 77 
(short (short zand) (art (short Inde) 
tons) tons) tona) tons) 
Belgium-Luxembourg . _ c ccc 9,483 2,675 $1,059 33,138 25,938 $9,834 
Br] onn uua m CE uds 6,228 4.787 2,186 7,578 5,802 1,855 
J.! ð . πιο nadie 952 702 167 10,566 8,294 8,902 
Chile: sus Dn uu a ee 88 we "e Sa 95 74 81 
Frane ο . 188,999 107,058 45,127 119,762 92556 88,814 
Germany, Wet 821 689 190 17 16 
7 ñ% m] i 7 7 5,977 4,557 1901 12115 9140 2.965 
May cele . LL E "e ΕΞ ms 851 230 
Japan το ß ως ος 78,51 56111 27,584 114,111 88,680 40,786 
MexIGO o o eoe y ny EO xt ze c 88 19 
NOFWRE uo nc uerus memes msc er 22,891 17,871 6,128 21,110 21,715 7,594 
Portugal 2 oso se A 661 510 202 10,95 8,840 2,485 
South Africa, Republic ahhh 121,456 94,885 84,904 174,188 185,599 46,636 
Te — — DERE x 8 9,541 7.925 5,284 19,418 15,942 8,188 
f.... ĩ . 11,248 8,507 8,502 5,677 4,288 1,403 
United Kingdom ............ -...-.....---.---.-.---------..-..-. 1 1 1 EN Ld S 
Yugoslavia 22202 e 1,102 872 811 1,543 1,204 440 
Total... A ο ιών cL 897,212 306,650 128,381 537,409 417433 164, 698 
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WORLD REVIEW 


An agreement in principle was reached 
by subeidiaries of Lockheed Aircraft Corp. 
(Lockheed Missiles & Space Co, Inc.) 
Standard Oil Co. of Indiana (Amoco Miner- 
als Co.), and Royal Dutch-Shell (Billiton 
International Metals B.V.) for a joint ven- 
ture to develop technology for mining and 
processing deep-sea manganese nodules. It 
was expected that Lockheed would be the 
operator for the venture. 

Algeria.—Deposits of manganese ore at 
Guettara, estimated to have an average 
manganese content of 45% to 5096, were 
deemed to be of sufficient size by Société 
Nationale de Recherche et d'Exploitation 
Miniére (SONAREM) to warrant further 
investigation. 

Australia.—Groote Eylandt Mining ©». 
Pty. Ltd. completed its planned expansion 
of capacity at its Groote Eylandt, Nortkern 
Territory, open pit mine to 2 million metric 
tons of shipping products per year anrd was 
giving consideration to further expension in 
the near future if market conditioxs permit. 
The affiliated Tasmanian Electro Metallur- 
gical Co. Pty. Ltd. (TEMCO) conpleted the 
first stage of its expansion program at its 
Bell Bay, Tasmania, plant wian the installa- 
tion of a 600-ton-per-day Lurgi sintering 
machine to be used for sintering Groote 
Eylandt fines for feed to its two furnaces 
that currently produce ferromanganese and 
silicomanganese. Α new 27-megavoltampere 
(MVA) furnace, which will increase pro- 
duction of these a/loys, was to come on- 
Stream before yearend. Any sinter excess to 
the company's cwn requirements will be 
exported. | 

Bolivia.—The Government of Bolivia de- 
creed that al; manganese ore and iron ore 
deposits belong to the state, and that com- 
panies operating concessions do so in accord 
with guidelines to be established by Em- 
presa Siderürgica Boliviana S.A. (SIDER- 
SA), the Government-owned iron and steel 
company. Nonoperating concessions were 
canceled. SIDERSA engaged Arthur G. 
McKee Co. Cleveland, Ohio, to make a 
feasibility study of an integrated steel in- 
dustry based on the iron-manganese deposit 
at Mutún, located about 19 miles south of 
Puerto Suarez, Santa Cruz, not far from the 
Urucum manganese deposits of Brazil. Af- 
ter some drilling, it appears that the San 
Pedrito manganese occurrence at Mutün is 
a lens of limited extent, less than 10 feet 
thick, at the base of the primary iron ore 


formation (Banda Ata). There are reported 
to be other manganese beds or lenses in the 
Banda Alta, but i? is not clear as to what 
primary iron «e formation is some 650 to 
1000 feet (νοκ. All manganese ore pro- 
duction will be for export under control of 
SIDERSA, vith expectations for marketing 
80.000 metric tons in 1977 to Argentina, 
West Germany, or Brazil. Hand mining of 
smal) deposits of manganese ore in the 
Western Cordilleras has been responsible 
for polivia’s production of recent years, and 
ths production is expected to continue with 
marketing also through SIDERSA. The ore 
occurs as pyrolusite filling of faults an 
fissures in rhyolitic beds. | em 
Botswana.—The manganese deposit. of 
the formerly worked Kgwakgwe mine area, 
south of Kanye, lies in a shale horizon with 
an upper zone, some 6 feet thick, of metal- 
lurgical ore and a lower layer consisting of 
a massive accumulation of battery-grade 
manganese nodules having a manganese 
dioxide content greater than 70%. This 
latter material has been almost exhausted, 
but more than 200,000 metric tons of the 
metallurgical ore is estimated to remain. 
The Otse deposit, near the southeast coast 
and associated with conglomerates and 
chert breccias overlying shales and quartz- 
ites, was being reinvestigated. The ore ana- 
lyzes approximately 40% to 47% man- 
ganese dioxide. The deposit at the Lobatse 
mine area is of variable grade occurring in 
shales at the base of a quartzite horizon. It 
was formerly worked on both sides of the 
Transvaal border, and remaining reserves 
are thought to be small although the reef 
has a strike length of approximately 2 
miles. Mining has also been done in the past 
in the same general region some 2 miles 
south of Ramotswa. The ore occurs in a 
friable sandstone horizon associated with 
quartzite, and reserves are not known. Far- 
ther north in the Chadibe and Tswapong 
areas there is a manganiferous sandstone 
horizon with a thickness of 3 to 6 feet, and 
grades estimated to vary between 30% and 
6090 manganese dioxide. The bed has. not 
been systematically explored but has a total 
strike length of about 28 miles. 
Brazil.—Shipments of Amapá manganese 
ore by Indástria e Comércio de Minerios, 


an 
Geol., v. 71, January-February 1976, p. 150. 
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"able 9.—Manganese ore: World production by country 


(Short tons) 

vuntry! ec 1914 1915 19165 
sor CON S πμ”... 35+ 444,879 472,295 465,808 
Argentina w 2 25-90 28,728 34,588 35,000 
Boi. ue eene 8 28 + 3565 31,362 18,520 
Brazil -------------------- VVV 38.50 1,971,597 “2976527 “2400000 
Chile __-_---------------- q —ꝙꝓ—ꝓ— 36-42 81,681 22,064 26,058 
Europe: uu lx mE D ͥũb SSS ο MMC 21-38 7 1 1.801 2,254 
Bulgaria“) 30- 37,500 88,600 44,100 
Greece 20. p CI oT 50 8,768 9,182 1,419 

Hungary ------------------------------------ 30- 148,150 201,023 

Italy .---------------------------------- 27 15441 Lc d 
Portugal -—— — V . 31-40 78 A 
USSR’ .....------------------- LLL... 85 8,989,000 932400 9,370,000 

Yugoslavia SS . ασ i EE E E 80 + , 8,657 20, 
Botswana Jl ο «ες 80+ 9 M = 
ΤΙ 5 v^ 2214981 2,443,566 2971721 
AA ------------------------------Ξ 90-50 775,856 450,560 $437 
South Africa, Republic of ~- ------------------__ 30+ i 6,359,262 6,010,079 
Asia: sa FPV! at ane Peer eee LE - 48555 317,172 340,090 172,600 
€——— Ó———— 48 NA *310 " 
China People's Republic o 304 1,100,000 1, 100,000 1. 100,000 
J)) 86 10-54 11,656,000 1,688,000 1,862,000 
Indonesia -----------------------5--------- 474 719,882 15,082 9,618 
ντ "τ a A αὐ 
Korea, Republic of (South) ο 8 40 2.323 8, 1,524 
kistan ------------------------------------ 8 “86 
Philippi νο MEUS O T SS ee oe NEUE 945 x 11,658 

α-------------------------------- 46-50 791,930 21,468 

Turkey ----------------------------------- 85+ 8,571 20, 520958 
611i!!! ο οσα 87-53 ` 1,677,704 1,113,992 = 2,874,560 
New Hebrides ------------------------------- 4244 52,151 51279 551,000 
Total lui ee ya ian NA '2q50814 27,075,561 21,292,957 


PPre "Revised. 


ο. -- 


levels. Low grade ore uded in 
1974—1,072, 1975—1, 101, 1976—1,212, 


1974—93,985, 1975—146,947, 1976—108,741; 
lic of Sou (15-30% Mn, 


in addition to 


material 
Turkey (under 8596 ires in 1 to material listed in table) 1974—1,550, 1975—16, 846, 197 
3Estimated on the basis of reported contained manganese. 


s 
4 


*Estimate. liminary. NA Not available. 

ο λα πο des bet πώ information Ὁ παίει 
ore, but available information is inadequate to 

212 Malaysia (grade unspecited but apparently a 


(about 2296 Mn) 19718870 


Africa may have ee 
e reliable estimates of output 
oslovakia (about 17% Mn) 


ore) 
55,000, 500, 1976 155,000; th the 
7125 131. 1976— 56,178; 


= 
listed in table) 1974—98, 769, l 


Figures are the sum of: 1) sales of direct shi manganese ore, and 2) production of benfici 
reported in the 1975 and 1976 editions of Anuario — Brasileiro Mficiated ore, both as 


Source: The National Economy οἵ the U.S.S.R., Central Statistical Administration, Moscow. Gude represen 
annual averages obtained from reported metal contents of the gross weights shown in the table. ἘΠ 


«Οἵ total 1973 output, 64% 
for 1974-1976 are not available, 


t grade. Comparable produktion breakdowns 


below 35% Mn and 36% exceeded tha 
t 7196 of total 1974 exports of 1,140,453 short tons were below 3596 


as if data ds for calendar years, but may actually represent output for Iranian 9 yars beginning 


March 21 of the year sta 
May include some ore under 35% Mn (see footnote 1). 


S.A. (ICOMD were 1,047,000 metric tons, 
including 149,300 tons of pellets, in 1976 
compared with 1,254,055 metric tons, in- 
cluding 100,509 tons of pellets, in 1975. The 
1976 shipments were loaded out to export 
and domestic markets in 59 vessel cargoes, 
with those for export going to 15 countries 
besides the United States: Argentina, Bel- 
gium, Canada, Chile, Czechoslovakia, Eng- 
land, France, Germany, Greece, Italy, Ja- 
pan, the Netherlands, N orway, Romania, 
and Spain; Domestic sales in 1976 were 
approximately 120,000 tons. 


In April, a new company, Urucum Min 
eracáo S.A., was formed to mine the Uru- 
cum manganese ore deposit near the Boliv- 
ian border in the Corumba area of the State 
of Mato Grosso. The Government-owned 
Cia. Vale do Rio Doce S.A. (CVRD), the 
State-owned Cia. Matogrossense de Min- 
eracáo (METAMAT), and the privately 
owned Cia. Vale do Paraupeba (Alcindo 
Vieira group), each held one-third interest. 
The ore was previously mined by SOBRA- 


«Skillings Mining Review. V. 66, No. 11, Mar. 12, 1977, 
p. 21. 
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MIL, a company in whicn United States 
Steel Corp. had a substantial interest, but 
there has been no mining since 1972. Before 
the deposits can be fully developed, prob- 
lems of transportation and of high alkali 
and high phosphorus content must be over- 
come. Output was expected to be for both 
domestic consumption and export with 
mining to start before yearend. 

Cia. Paulista de Ferro-Ligas, a ferroalloy 
producer headquartered in Sáo Paulo, was 
readying a new plant at Corumba for pro- 
duction of ferromanganese from Urucum 
ore by mid-1977. The plant will use two 4- 
MVA furnaces in a two-step process ex- 
pected to solve the high-phosphorus, high- 
alkali problem, while producing 24,000 met- 
ric tons per year of high-carbon ferroman- 
ganese and silicomanganese. Approximate- 
ly half of the production will be for export 
Company plans also propose two simil4 
furnaces to begin producing ferromn- 
ganese and silicomanganese at Ma/P®, 
Amapá, by the end of 1977. The anual 
capacity of this plant would be 24,00 tons, 
also 


In June, Construtora Alcindc Vieira— 
CONVAP S.A. (CONVAP), a Brilian con- 
tracting company, together vith META- 
MAT formed a new compar’ Cia. Mato- 
grossense de Ferro-Ligas (F-RMAT), with 
plans to install five 20MVA furnaces 
by 1982 in a new plant at “rés Lagoas, near 
the Jupiá hydroelectric/lant northwest of 
São Paulo at the easten boundary of the 
state of Mato Grosso Plans called for the 
first two furnaces » begin production of 


high-carbon ferrom-nganese and silicoman- 
ganese from Uruam ore in 1981, half for 


domestic consumption and half for export. 
metallurgy to use on the iron-rich, high- 
alkali Urucux» ore. 

France,—ociété Francaise  d'Électro- 
métallurgi (SOFREM), a subsidiary of 
Pechiney Ugine Kuhlmann, brought on- 
streamfiew capacity for production of low- 
Or ium-carbon ferromanganese, in the 
emeunt of 12,000 metric tons per year, at its 
gt. Beron plant in southeastern France (Sa- 
voie). This brought SOFREM’s total pro- 
ductive capacity for manganese ferroalloys 
to 60,000 tons per year. 

Gabon.—All of the metallurgical man- 
ganese ore produced at Moanda by Cie. 
Miniére de l'Ogooué (COMILOG) was for 
export, with the United States taking 4296, 
France 22%, and Japan 12%. West Ger- 
many and the United Kingdom were other 
major customers. United States Steel Corp. 
was COMILOG’s principal shareholder with 
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44% interest; Gabones interests, either 
principally or entirely 8 the Government, 
held 10% or 11%; ar! the remainder was 
held by the French Government's mining 
exploration comp-!Y (BRGM), the French 
mining group Mkía, and interests of the 
Banque de P-is et des Pays-Bas (PARI- 
BAS). Negot*tions were conducted with the 
Congolese *ansportation authorities to im- 
prove the-ongo-Ocean Railway's portion of 
the presnt route that the ore must take for 
export that is, via the Congolese port of 
Point Noire. In the meantime, work began 
on oistruction of the Transgabon Railroad, 
e to reach Moanda by the end of 
780. This will provide an all-Gabon route, 
permitting exports of 4 to 4.5 million tons 
per year by this route alone by the late 
1980's via Gabon ports near Libreville. So- 
ciété Gabonaise de Ferro-Alliages (SOGA- 
FERRO) was formed with the objective of 
constructing a manganese ferroalloy plant 
near Moanda, dependent on completion of 
the railroad and expansion of the present 
hydroelectric installation at Poubara by 
construction of a large new dam, Grand 
Poubara. Feasibility studies were underway 
for both the dam and the ferromanganese 
projects, with thinking for the latter in 
terms of a plant to produce 85,000 tons of 
ferromanganese and 50,000 tons of silico- 
manganese per year. COMILOG held a 1596 
interest in SOGAFERRO; Japanese inter- 
ests 25% (Okura Trading, Nippon Kokan 
K.K., and Nippon Denko K.K.); Union Car- 
bide Corp, 10%; and the Gabon Govern- 
ment, 10%; the remainder was divided 
among French (Aciers de Paris), Norwegian 
(Elkem), Belgian (SADACEM), and Italian 
(Tassara) firms. In addition to being export- 
ed, Moanda's battery ore is consumed local- 
ly in the dry-cell plant of SOGAPIL, which 
produces 6 million dry cells annually for the 
Gabon market and for export. Another 
company, SOGADEMA, has been formed by 
COMILOG, or affiliates, together with 
United States and Belgian interests, to use 
manganese derivatives in the manufacture 
of glass and pharmaceutical products in the 
Moanda area.* Battery- and chemical 
ore produced in 1976 totaled 65,000 metric 
tons. This ore is obtained by selective min- 
ing; it is not a separate ore body. The 
deposit is essentially horizontal, and man- 
ganese carbonates underlie the oxide ore. 


Wall Street Journal Gabon Pursues Its Ambitious 
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Ghana.—Both battery-grade and met- 
allurgical-grade oxide ore continued to 
be produced. Nationalization of manganese 
mining operations was completed in 1975, 
and mining continued by Ghana National 
Manganese Corp. Manganese exports in 
1976 were approximately 350,000 tons, of 
which roughly 150,000 tons was carbonate 
ore and 200,000 tons was oxide, mostly 
metallurgical, ore. Battery ore exports all 
went to the United Kingdom. Carbonate ore 
went to synthetic dioxide plants in Japan 
and Ireland, and to electric furnace ferro- 
manganese plants in Norway, Portugal, and 
elsewhere, where it was used to make up 
about 15% of the charge to the furnaces. It 
appears that the oxide ores will be exhaust- 
ed within the next 5 years. Reserves of 
carbonate ore, a grayish mixed carbonate, 
were estimated from drilling to amount to 
20 million tons averaging 3096 manganese. 

Greece.—Exports of pyrolusite in 1975 
were 1,900 metric tons, of which 1,600 tons 
went to West Germany and 300 tons went to 
other countries. 

Hungary.— Reserves of oxide ore occur in 
the Urkút area. Carbonate ore reserves are 
located at Urküt, Eger, and Demjen, but 
production of this ore was very limited for 
lack of technology to use it economically.5 
Ore produced in 1975 averaged about 27.8% 
manganese content. 

India.—During the period 1968 through 
1974, 88.5% of the manganese dioxide con- 
sumed in India was for the manufacture of 
dry-cell batteries, 8.5% went to the chemi- 
cal industry, 1.6% to paints, 0.9% to glass, 
and the remaining 0.5% to the electrode, 
foundry, and ceramic industries. A total of 
16,600 metric tons was consumed in 1974, of 
which 2,240 tons was electrolytic man- 
ganese dioxide. Preliminary production fig- 
ures for manganese dioxide ore in 1975 
totaled 11,700 tons, of which 4,400 tons 
came from Maharashtra and the remainder 
from Orissa. Imports of 4,800 tons in the 
first half of 1975 came from Gabon. For 
batteries, the imported ore is usually blend- 
ed with the domestic ores, and supply of the 
latter of suitable character was a problem. 

The only producer of electrolytic (syn- 
thetic) manganese dioxide in 1976 was Elec- 
trolytic Manganese Co., Division of Union 
Carbide India Ltd, Thana, Maharashtra, 
with licensed capacity of 2,500 tons and 
production in 1974, 1978, and 1972 of 2,229, 
1,479, and 1,600 tons, respectively. Four 
other firms have received letters of intent 
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or industrial licenses for its manufacture at 
annual capacities ranging from 1,000 to 
4,000 tons, but it was doubted that any of 
these proposals could contribute to supply 
within the next 3 or 4 years.* 

The average pit head price for manganese 
ore produced in 1976 was $8.07 per metric 
ton, compared with $7.61 in 1975. In Feb- 
ruary 1976, 182 mines reported production. 
Central Provinces Manganese Ore Co. Ltd. 
continued to hold 49% interest in Man- 
ganese Ore India Ltd. (MOIL) with the 
remaining ownership held by the Govern- 
ment of India and the State governments of 
Maharashtra and Madhya Pradesh. Devel- 
opments suggested that MOIL would be- 
come a fully-owned public sector company 
before the end of 1977. Based at N agpur, 
Maharashtra, it operated five mines in 
Maharashtra and three in Madyha Pra- 
desh. One of the latter, the Balaghat mine 
120 miles northeast of Nagpur, is the larg- 
est manganese mine in India with three 
steeply dipping ore zones, six levels, and a 
600-foot shaft, annually producing approx- 
imately 75,000 tons of ore. Only about 55% 
of the manganese contained in the deposit is 
recovered in the concentrate shipped, but it 
has been estimated that additional milling 
facilities might improve this to 75%. | 

Manganiferous ore containing 30% to 
35% manganese was used in the blast fur- 
naces of the Durgapur, Bhilai and Bokaro 
steel plants at a rate of 50 kilograms per ton 
of hot metal produced; the rate at the 
Rourkela plant was nearly 150 kilograms 
per ton. 

Indonesia.—All manganese ore produced 
in 1976 came from West Java or Central 
Java, and almost all was of battery grade, 
which was used domestically or exported to 
Japan. 

Ireland.—The electrolytic manganese 
dioxide plant of Mitsui Denman (Ireland) 
Ltd. started production in February and by 
mid-July was operating at 70% of its capaci- 
ty of 12,000 tons per year. The Irish Govern- 
ment has a 5% equity interest in the plant 
with the balance held by Mitsui Mining & 
Smelting Co., Ltd, Tokyo, and Mitsui & Co., 
Ltd., Tokyo. All production will be for 
export.’ 
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Italy.—Mining of manganese ore ended in 
1916 with exhaustion of Italsider's Gam- 
batesa mine in Genoa Province. 

Japan.—Production of ferromanganese in 
1976 was 632,000 metric tons; silicoman- 
ganese, 373,000 tons; electrolytic man- 
ganese metal, 6,752 tons; and synthetic 
manganese dioxide, 32,540 tons. The man- 
ganese ore produced in 1976 had an average 
manganese content of 27.396, except for 17 
tons of dioxide ore having a manganese 
dioxide content of 65%. 

Mexico.—In September, Cía. Minera 
Autlán S.A. de C.V., brought the first of its 
manganese ferroalloy furnaces onstream at 
its new plant at Tamos in the municipal 
district of Pánuco, State of Veracruz, 12 
miles from Tampico. 

Morocco.— The manganese ore produced 
in 1975 was chemical-grade ore or concen- 
trate with an average manganese dioxide 
content of 8396. 

New Hebrides. —Manganese ore (concen- 
trate) produced and exported in 1975 had a 
minimum guaranteed manganese content 
of 40%, and the exports were estimated to 
run about 43%. 

Norway.—Production of ferromanganese 
was 354,000 metric tons in 1976 and 331,000 
tons in 1975; silicomanganese production 
was 173,000 and 200,000 tons, respectively. 

Peru.—The manganese ore produced in 
1975 had a manganese content of 37.5%. 
That produced in 1974 averaged 36.2% man- 
ganese (previously reported provisionally as 
31% manganese). 

Philippines.—An average manganese 
content of 44% to 45% was reported for the 
manganese ore produced in 1976. 

Portugal.—Manganiferous iron ore pro- 
duced in 1976 totaled 17,870 metric tons 
averaging 40.7% iron and 8.5% manganese. 

South Africa, Republic of.—Production 
of electrolytic manganese metal in 1976 was 
32,750 metric tons, almost equally divided 
between Delta Manganese (Pty.) Ltd. (DEL- 
TA) at 16,500 tons and Electrolytic Metal 
Corp. ty.) Ltd. (EMCOR) at 16,250 tons. 
Manganese-bearing effluents from the pro- 
cessing of uranium ores were originally 
used as the raw material for South Africa's 
electrolytic manganese metal industry. 
However, because of cobalticyanide impuri- 
ties and other problems peculiar to use of 
this manganese source, it was decided in 
1968 to use ore from northern Cape Pro- 
vince in spite of its high iron content of 1096 
to 12%. Normally low-iron ores, 1% to 2% 
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iron, are used in the electrolytic production 
of the metal. Consequently, sore changes 
were necessary in order to adapt to this ore. 
The resulting Delta flow sheet has four 
main components: 1) Reduction of the man- 
ganese in the ore from valence 4 to valence 
2 to make it readily soluble in sulfuric acid; 
2) reverse leaching in spent sulfuric acid 
electrolyte to minimize solution of iron; 8) 
purification of the leach solution; and 4) 
electrolysis of the purified solution. Electro- 
lytic manganese metal production's overall 
efficiency is 68%, compared with 98% for 
copper. The South Africans claim to be the 
lowest cost electrolytic manganese metal 
producers, but recent and projected electric 
power costs could change this position. Pow- 
er costs constitute approximately 2596 of 
total production costs. Because use of the 
argon-oxygen process for the production of 
Stainless steel allows the use of high-carbon 
ferromanganese instead of the electrolytic 
metal normally used in production of stain- 
less steel, and use of this process is growing, 
the outlook for growth in demand for 
electrolytic manganese metal has shifted to 
an expanding use in aluminum resulting 
from growing popularity of the all-alu- 
minum beverage can, containing 1% to 
1.2906 manganese, and to the high-strength 
low-alloy steels used in high-rise buildings 
and in large-diameter pipe lines for Arctic 
areas. South Africa's production capacity 
for electrolytic manganese metal at the end 
of 1976 was 35,000 metric tons, divided 
equally between the two companies. 
Northern Cape Province ores are of four 
general types: 1) In the Western and East- 
ern Belts of the Postmasburg field, brecci- 
ated unconsolidated ore and replacement 
bodies associated with dolomite karst topog- 
raphy; 2) in the Western Belt of the Post- 
masburg field, replacement of Gamagara 
shale closely associated with dolomite; 3) at 
Rooinekke, replacement and surface enrich- 
ment of banded iron formation and flag- 
stone in the uppermost succession of the 
Dolomite Series; and 4) in the Kalahari 
(Kuruman) field, syngenetic deposits with 
three horizons of manganese oxides in band- 
ed iron formation near its base, the iron 
formation overlying Ongeluk lava and con- 
taining a band of calcareous dolomite in its 
upper portion. Low-grade metamorphism 
has transformed the manganese occur- 
rences of the Postmasburg and Kalahari 
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fields into hard, compact ores consisting 
mainly of braunite and bixbyite with minor 
quantities of hausmannite, jacobeite, todor- 
okite, manganite, etc. * 

Marble Lime & Associated Industries, 
Ltd. was reported to have sold its Gopani 
manganese mine for approximately 
$138,000 to Rand Corp. io —apparently Rand 
London Manganese Mines (Pty. Ltd., a 
subsidiary of Rand London Corp. The Gopa- 
ni mine, located near Zeerust, Transvaal, is 
an underground producer of battery grade 
(plus 65% manganese dioxide) and ura- 
nium-grade (plus 40% manganese diox- 
ide) ore. It has a long-term contract to 
supply uranium-grade ore to the Rossing 
Uranium operation in the Territory of 
South-West Africa Namibia). Anglo- 
American Corp. of South Africa Ltd. began 
development of an underground manganese 
ore mine at the Middleplaats deposit north- 
west of Kuruman. Substantial reserves av- 
eraging 3896 manganese were indicated, 
together with a large tonnage of lower 
grade material that might be recoverable. 
The ore lies approximately 1,300 feet below 
the surface. It was planned to produce 
annually, by mechanical methods, 900,000 
metric tons of metallurgical-grade ore and 
200,000 tons of lower grade ferruginous ore. 

. Highveld Steel and Vanadium Corp., Ltd., 
a subsidiary of Anglo-American Corp. of 
South Africa Ltd., in July acquired a 6596 
equity interest in Transalloys (Pty.) Ltd., a 
manganese ferroalloy producer with a plant 
adjacent to Highveld's steel plant. Equip- 
ment at the Transalloys plant included two 
smelting furnaces for silicomanganese and 
two melting furnaces for medium-carbon 
ferromanganese. An additional large smelt- 
ing furnace for production of silicoman- 
ganese was under construction with comple- 
tion scheduled for mid-1977. Transalloys is 
an important supplier to Highveld as well 
as an exporter. Increasing power costs were 
adversely affecting its competitive position 
in world markets, although its sales were 
reported as satisfactory for the last half of 
1976. 

Production of the various grades of ore in 
1976 and 1975 follow, in metric tons (1975 in 
parentheses) Metallurgical ore— 30% to 
40% manganese, 3,358,000 (3,872,000); 40% 
to 45%, 209,000 (283,000), 45% to 48%, 
1,517,000 (1, 379,000); over 48%, 270,000 
(199, 000); chemical ore—35% to 65% man- 
ganese dioxide, 95,000 (79,000) tons; 65% to 
75%, 3,000 (7,000) tons. Production of ferru- 
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ginous manganese ore containing 15% to 
30% manganese and 20% to 95% iron was 
51,000 tons in 1976 and 112,000 tons in 1975. 
Local sales of the various grades of ore in 
1976 and 1975 follow (1975 in parentheses): 
Metallurgical ore—30% to 40% manganese, 
1,185,000 (1,018,000); 40% to 45%, 60,000 
(34,000); 45% to 48%, 460,000 (517,000); over 
48%, 20,000 (zero); chemical ore— 35% to 
65% manganese dioxide, 82,000 (78,000); 
65% to 75%, 3,000 (9,000). Local sales of 
ferruginous ore were zero in both years. 
Similarly, exports for the 2 years follow: 
Metallurgical ore—30% to 40% manganese, 
2,015,000 (2,076,000); 40% to 45%, 51,000 
(70,000); 45% to 48%, 1,258,000 (1,174,000); 
over 48%, 123,000 (82,000); chemical ore— 
35% to 65% manganese dioxide, zero both 
years; 65% to 75%, estimated 215 (1,000); 
ferruginous ore—estimated 295,000 
(238,000). | I 

Spain.—Approximately 60% of the labor 
force at Hidro Nitro Espafiola's ferroman- 
ganese plant at Monzon went on strike 
Docember 17 over pay rates.!! In 1976, the 
company produced 32,000 metric tons of 
ferromanganese and 36,000 tons of silico- 
manganese. Production in 1975 was 29,000 
and 34,000 tons, respectively. 

Thailand.—Production of battery-grade 
manganese ore (75% manganese dioxide) in 
1976 was 3,000 metric tons, while exports 
were 1,000 tons. Chemical ore production 
(75% manganese dioxide and up) was 130 
tons with no exports. The metallurgical ore 
produced was reported to range in man- 
ganese content from 46% to 50%; exports 
were 42,000 tons, compared with 23,000 tons 
in 1975. 

U.S.S.R.—The contract for the previously 
proposed large new high-carbon ferroman- 
ganese plant was awarded to Japan's Ta- 
nabe Kakoki over the bids of United States, 
Norwegian, and West German firms. Six 
fully sealed 75,000-kilovoltampere furnaces 
will have shell diameters in excess of 15 
meters; each will use three 2-meter elec- 
trodes.'* The 1976 delivered price of $34.25 
per metric ton for ferruginous manga- 
nese ore containing 28% to 29% manga- 
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nese was agreed to by Soyuzpromexport 
and Japan's Nippon Kokan for 1977 deliv- 
ery of 100,000 metric tons with buyer's 
option for an additional 50,000 tons.“ 

The Ordzhonikidze Complex (Kombinat) 
in the Nikopol' basin of the Ukraine, pro- 
ducing approximately 4.3 million tons of 
concentrated shipping products per year, 
has seven open pits, three beneficiating 
plants, and one sintering plant. Roughly 
55% to 60% of the concentrates were used 
in the U.S.S.R., and the remainder was 
exported to other East European countries. 
The ore occurs as a gently south-dipping 
sedimentary bed up to 10 feet thick— 
carbonates on the south grading into oxides 
on the north—lying under 160 to 260 feet of 
overburden consisting of rich black topsoil 
above layers of clay, loess, sands, shells, and 
in some places limestone. Large bucket- 
wheel excavators in conjunction with exten- 
sive systems of portable and fixed conveyors 
remove the overburden, stacking the re- 
spective materials in separate piles for 
subsequent blending in the reclamation op- 
erations. Average thickness of the ore 
mined in the north pit in 1978 was 6 feet; ra- 
tio of overburden to ore was 27 cubic yards 
per ton. The ore has an average manganese 
content of 2596 and is all beneficiated to two 
products for shipment: First class, with a 
manganese content of 45% to 50%, for the 
production of manganese ferroalloys; and 
second class, containing 35% to 38% man- 
ganese, for use in iron blast furnaces. Heavy 
media and flotation methods are employed, 
and 80% of the manganese in the ore is 
recovered. The tailings, which contain 20% 
manganese, are saved, and plans call for 
their later recovery in an electrolytic man- 
ganese metal plant to be built before 1980. 
The land is reclaimed, not to its original 
contour but improved for present and fu- 
ture agricultural, recreational, and aesthet- 
ic needs. This involves the management of 
some 260 million cubic yards of displaced 
material per year. With the aid of agrono- 
mists and much research since 1962, better 


MINERALS YEARBOOK, 1976 


agricultural yields have been obtained for a 
variety of crops than were had before 
xu 


United Kingdom.—In 1975, 85,000 metric 
tons of ferromanganese and 100 tons of 
spiegeleisen were produced, compared with 
83,000 and 8,000 tons, respectively, in 1974. 

Yugoslavia.—Production of ferroman- 
ganese in 1974, 1973, and 1972 was 23,000, 
19,000, and 19,000 metric tons, respectively; 
similarly, silicomanganese production was 
17,000, 12,000, and 15,000 tons. The only 
producer was Tvornica Elektroda I Ferole- 
gura, in Croatia. 

Zaire.—The Kisenge deposits in south- 
western Shaba are almost vertical lenticu- 
lar deposits of primary, very hard man- 
ganese carbonate ore, having a manganese 
content of 30%, oxidized to the enriched, 
also very hard, oxide ores analyzing up to 
57% manganese. Although the tonnages of 
carbonate ore mined have been small, con- 
sideration was being given to their greater 
utilization. There were four open pits— 
Kisenge, Kamata Principale, Kamata Rive 
Gauche, and Kapolo—aligned along an east- 
west axis over a distance of 10 kilometers. 
Extraction of the ore has required the 
removal of twice as much overburden, by 
volume, as ore. Bucyrus-Erie shovels and 
Euclid trucks, working one shift per day, 
annually send 500,000 tons of oxide ore to 
the washing plant where the ore is crushed, 
washed free of clay and talc, sized into two 
fractions by screening or elutriation, and 
the fines further classified into two 
fractions.!5 

Although no manganese ore was shipped 
in 1976 owing to continued closure of the 
Benguela Railroad since August 1975, 
Zaire’s only manganese producer, Société 
Miniére de Kisenge (SMK), continued to 
mine and stockpile the ore at Kisenge, 
operating by means of a monthly subeidy 
from the Government of Zaire. The stock- 
pile was estimated to contain approximate- 
ly 550,000 tons of ore by yearend, roughly 
representing 2 years of production. 


TECHNOLOGY 


The Bureau of Mines extended its re- 
search on manganese-copper damping al- 
loys from the cast alloys to powder metal- 
lurgy consolidations. Damping capacity was 
enhanced, and potential savings in material 
and labor were suggested. Strength and 
ductility were considerably lower, however, 
than for comparable cast alloys.!* 


The Panel on Manganese Recovery Tech- 
nology of the Committee on Technical 
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Aspects of Critical and Strategic Materials, 
National Materials Advisory Board, Na- 
tional Research Council/National Academy 
of Sciences, assessed the present technology 
for recovering and processing ese 
from domestically available resources. It 
concluded that the two land-based domestic 
resources best suited for development on a 
significant scale were the Cuyuna deposits 
of Minnesota and the Aroostook deposits of 
Maine; also, that the deep-sea nodule depos- 
its, particularly some in the Pacific Ocean, 
were a very important potential source of 
manganese and that the lower grade Atlan- 
tic Ocean deposits of the Blake Plateau 
might be considered to be domestically 
available. The most feasible manganese re- 
covery processes were considered to be the 
ammonium carbamate process and the sul- 
fur dioxide roast (high-temperature differ- 
ential sulfatization) process. In both cases, 
however, “Questions concerning perform- 
ance, cost, and environmental impact re- 
main to be resolved" even though extensive 
development work has been done in the 
past at scales of 200 and of 2 tons of ore per 
day, respectively. 

Factors to be considered in the selection 
of a suitable mine site for recovery of ocean 
floor manganese nodules follow: Nodule 
population—the percentage of the sea floor 
covered by visible nodules; nodule 
concentration—the weight per unit area, a 
function of population, size, shape, and 
specific gravity; nodule assay—many pub- 
lished analyses are too high because the 
barren core was not included in the mate- 
rial analyzed; bathymetry—water depth; to- 
pography of the sea floor; geotechnic data— 
bearing strength of the floor; environment- 
al data; and ecological requirements.!“ 
Although the nodules typically lie only on 
the surface, some nodule layers are buried a 
few centimeters in the sediments. These 
sediments in great part are quite weak, but 
they can change quickly to firm. A difficult 
decision to be made for the nodule- 
collecting machinery and operation is the 
trade-off between velocity and collecting 
width; 3 kilometers per hour and a width 
greater than 10 meters are a likely 
optimum. 
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In a discussion of the past, present, and 
future role of manganese in the production 
of steel, it was concluded that the declining 


use of manganese as a desulfurizer and 


deoxidant, as a result of improvements in 
steelmaking techniques, was being coun- 
tered by a growing realization of the impor- 
tance of manganese as an alloying element 
in itself. 

The Carpenter Steel Div., Carpenter 
Technology Corp, made commercially 
available its patented 18-18 Plus stainless 
steel, containing approximately 18% man- 
ganese and 18% chromium. Yield strength 
is twice that of Type 304 stainless, and 
corrosion resistance is similar to that of 
Type 316 in most applications. Prices 
approximated those of Type 316 produ 

Continuous production of Massive Man- 
ganese is accomplished by Chemetals Div., 
Diamond Shamrock Corp., by its patented 
fused - salt electrolytic process. The product 
is in lump form, and the regular grade 
typically analyzes 9396 manganese, 6% 
iron, 0.1496 carbon, 0.15% silicon, 0.16% 
phosphorus, and 0.0296 sulfur; the high- 
purity grade analyzes 98% manganese, 
1.8% iron, 0.12% carbon, 0.06% silicon, 
0.01% phosphorus, and 0.02% sulfur. The 
reduction cell used resembles that used to 
produce aluminum by the Hall process. 
Feed typically consists of manganous oxide 
in the form of a reduced ore, fluorspar 
(CaF4), and calcium oxide (lime), with CaF 
making up at least 50% by weight of the 
fused electrolyte. The operating tempera- 
ture is approximately 1,300* C, and the melt 
is removed by tapping in much the same 
manner as an open hearth melting furnace 
is tapped.*? 
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search Council-National Academy of Sciences. Manganese 
Recovery Technology. NMAB-323, 1976, 81 pp. 
léSiapno, W. D. Exploration Technology and Ocean 
. eters. Min. Cong. J., v. 62, No. 5, May 1976, 
pp. 1 


ipaa, D. W. A Qualitative Consideration of Some 
Kining ο SeT oor ar ractions. Proc. Joint MMIJ- 
AIME Meeting, Denver, Colo., September 1-3, 1976, v. 1, 
pp. 283-30 
ron Destorges, C. D. W. E. Duckworth, and T. F. J. N. 
The Mangan 


yan. Manganese in Ferrous Metall eae 
ο. (Neuilly sur Seine, Paris), 1976, E pp 
21 American Metal Market. New Car Tech Alloy Avail- 
able. V. 88, No. 149, July 30, 1976, p. 3. 
32Welsh, > and J. P. Faunce. The Production of 
ese Metal Pres. at 105th Annual Meeting, AIME, 


Las Vegas, Nev., February 22-26, 1976, 7 pp. 
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Mercury 


By Harold J. Drake! 


U.S. mine production of mercury in 1976 
totaled 23,133 flasks* valued at an estimated 
$2.8 million. Production was reported from 
seven mines, five in California and two in 
Nevada. Production tripled for the second 
consecutive year, primarily because output 
at the new McDermitt mine in Nevada 
nearly reached design capacity. 

Secondary  preduction continued to 
decline and totaled 3,363 flasks including 
520 flasks sold by the General Services 
Administration (GSA). 

Consumption rose 2896 to 64,870 flasks. 
The advance was led by sharply increased 
demand for use in electrical apparatus, 
which was accompanied by increases in 
demand for use in catalysts, chlorine and 
caustic soda production, industrial and con- 
trol instruments, and  mildew-proofing 
paints. Declines were reported for dental 
preparations and pharmaceuticals. 

Producer, consumer, and dealer stocks 
continued to rise and by yearend totaled 
81,784 flasks, a level 24% above that at 
yearend 1975. Producer stocks nearly 
doubled, while consumer and dealer stocks 
rose about 796. 

Prices declined through the first 8 
months of 1976, but rose thereafter and 
finished the year at $135 per flask in New 
York and $108 per flask in London. The 
monthly average flask price in New York 
was $121.25, compared with $158.12 in 1975. 
Comparable figures for London were $91.97 
and $130.11, respectively. 

Exports and reexports totaled 513 flasks, 
compared with 494 flasks in 1975. Imports 
for consumption increased slightly to 44,415 
flasks, a level that accounted for 68% of the 
U.S. market for mercury. Algeria, Italy, 
Yugoslavia, Spain, and the People’s Repub- 
lic of China were the principal sources of 
imported mercury. 


World production in 1976 totaled 248,987 
flasks, compared with 252,429 flasks in 
1975. Producers in Italy, Spain, 
U.S.S.R. reportedly discontinued sales of 
mercury in 1976; concomitantly, Italian and 
Mexican producers sharply curtailed or 
completely shut down mercury mining op- 
erations. Canadian mining operations, sus- 
pended in 1975, did not reopen in 1976. An 
international association of mercury pro- 
ducers reportedly met intermittently dur- 
ing 1976. 

Legislation and Government Pro- 
grams.—The Government, through the Of- 
fice of Minerals Exploration, U.S. Geologi- 
cal Survey, is authorized to loan up to 75% 
of approved costs for mercury exploration, 
but no new funds were available for con- 
tracts in 1976. GSA offered for sale 500 
flasks of mercury monthly during 1976 but 
sold only 520 flasks. 

In Docember 1975, an administrative law 
judge for the Environmental Protection 
Agency (EPA) ruled that phenylmercurials 
could be used in latex paint products and 
certain other products but not in oil-based 
paints. The ruling ended nearly 4 years of 
administrative proceedings, including hear- 
ings, which began when EPA attempted to 
cancel registrations of all biocides contain- 
ing mercury but met legal challenges 


. from biocide producers. EPA placed a ban 


on all mercury-containing biocides. Pesti- 
cide producers again challenged the ban 
and EPA postponed the ban first to June 30, 
1976, and then to November 30. A final 
settlement was reached in August which 
provided for the use of mercury in water- 
based paints and other coatings and the 
temporary use of mercury biocides to treat 


Faak as ued throughout this chaptar refera to 
used throughout this chapter refers to the 76- 
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summer golf turf diseases and certain farm 
seeds until August 31, 1978, or whenever 
the equivalent of 2 years production of the 
latter biocides is attained. Use of mercury- 
based biocides on winter golf turf diseases 
under strictly controlled conditions was also 
allowed by EPA. 
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Congress took no action on authorizing 
the release of surplus mercury in the stra- 
tegic stockpile. At yearend, the stockpile 
contained 191,407 flasks. GSA established a 
new goal of 54,004 flasks, leaving 137,408 
flasks available for disposal. 


Table 1.—Salient mercury statistics 


1912 1978 1914 1916 1916 
United States: 
CC flaska. _ 7445 2227 2129 15 — 29,188 
Value ______________ thousands. . $1,604 $697 $617 181,165 
Exports ᷣ— menu flaska.. _ 400 842 466 889 501 
— CFF phá 568 ius il 155 12 
For consumption.__________ x 026 180 15 
ans k- Bu sm ur amo d 
Stocks, Dec. 81 _— -- da 15,708 17,946 19,877 25,549 91,794 
E da- 52,907 54,288 59,479 50,888 
w Price: ew York, average per flask _________ $218.28 $286.28 $281.69 $158.12 $121.25 
Production ui 218,968 T068,26b — 257, 477 1252 429 
Price: London, average per flask (Ἢ $208.01 $278.54 $267.94 $180.11 $91.97 
TRevised. 
DOMESTIC PRODUCTION 


Production of primary mercury totaled 
23,133 flasks in 1976 compared with 7,366 
flasks in 1975. Only six mercury mines 
reported production: the Oat Hill, the Aet- 
na, the New Almaden, the Knoxville, and 
the Manhattan-One Shot in California, and 
the McDermitt in Nevada. Byproduct mer- 
cury was produced at a gold mine in Neva- 
da. The sharply increased output of primary 
mercury was accounted for by the new 
McDermitt mine in Nevada. Startup prob- 
lems at the mine’s ore-processing facilities 
were resolved by the end of 1975, and full- 
scale production was achieved throughout 
most of 1976. 


The average grade of all ore processed in 
1976, including ore processed at concentra- 
tors, increased to 9.5 pounds of mercury per 
ton. The increase in the grade of ore was 
accounted for by the McDermitt mine. 

Production of secondary mercury, exclu- 
sive of GSA sales, amounted to 2,848 flasks, 
62% bolow that of 1975. Most of the decline 
in secondary production was due to the low 
price of mercury, which made it cheaper to 
buy mercury by the flask than to process 
scrap into usable mercury. Major sources of 
secondary mercury were industrial and con- 
trol instruments, batteries, sludges, and 
dental amalgams. | 


Table 2.—Mercury produced in the 


United States, by State 
e Value? 
Year and State ing Flasks (thou- 
1975 
ifornia _ _ Fig 878 13139 

Nevada and New Tor 4 6,488 71,026 
Total ucc T18 7,866 T1,165 
California and Nevada 7 28,188 2,806 


only. 
*Value calculated at average New York price. 
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Table 3.—Mercury ore treated and Table 4.— Production of 
mereury produced in the United States! mercury in the United States 
Mercury produced e 
Te — Flesks per ton Year production N Total 
of oro 
172 12,139 512 12,661 
1122 82,580 97 1973 |. _ _ ` 1,146 1 
m - EE 218 a E = S um 
με------- fe εκ 1570 — 2793 3» 
18986. 5 23,042 9.5 
V - du 
contained in concentrate for export. 
CONSUMPTION AND USES 
Consumption, reversing a decline in 1975, from 445 flasks in 1975 to 60 flasks in 1976. 
resumed the upward trend of recent years Of the 64,870 flasks consumed in 1976, 


64,870 flasks. Of the major uses, electrical 
apparatus rose 62% to 27,498 flasks, and 
mildew-proofing paint rose 13% to 7,845 
flasks. Use in the production of chlorine and 
caustic soda rose 5% to 16,054 flasks, and 
use in industrial and control instruments 
rose 10% to 5,067 flasks. Other unspecified 
uses, in the aggregate, rose 66% to 2,909 
flasks. Other major changes were dental 
preparations, down 15%; and catalysts, up 
51%. Use in pharmaceuticals fell sharply, 


was redistilled mercury, and 8% was secon 
dary mercury. Primary mercury was used 
throughout the whole range of applications, 
while redistilled mercury was used primari- 
ly in electrical apparatus, industrial and 
control instruments, and dental prepar- 
ations. Secondary mercury was used mainly 
in industrial and control instruments, 
electrical apparatus, dental preparations, 
and catalysts. 


Table 5.—Mercury consumed in the United States, by use 


(Flasks) 

Use 1972 1978 1974 1975 1976 
J Oe ee ne Ee URS TCI SONT 1 1 980 600 607 
— p e 189 990 9 oT 
Chahi oon muscas 8 800 678 1,298 1,264 
Dental preparations __.____._____~___2 ~~ 2,983 2,679 8,024 2,940 1,990 
Electrical apparatus |... LLL --- 15,553 18,000 19,678 16971 217,498 
preparation of chlorine and caustic oda 11,519 13,070 16,897 15222 16,054 
laboratory use ...............-.-------------------------------------- 594 668 416 885 596 
Industrial and control instruments ____________________ 6,541 7,155 6,202 4,598 5,067 
Ἱ oue E M 22 82 82 6 Pa ου. 
r vy 8,190 7,571 6,807 6,928 7,845 
Paper and τααπιαςέατο.................-....-------.---.---.---.-..-.-.. 1 = PON 2 τοι 
J σμε d κας μα 578 606 597 445 60 
OU! o e os eoe ee ln on eee ee 4258 1918 2469 1750 2,900 
Total known uses ......................-.-----------------------΄-..-- 52,885 54187. 58417 50,084 68,900 
unknown uu 22 96 1,062 804 970 
Grand ἰοία].....................--.---------------------------------------------- 52,907 54,288 59,79 50,888 64310 


‘includes fungicides and bactericides for 


industrial purposes. 
"includes mercury used for installation and expansion of chlorine and caustic soda plants. 
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Table 6.—Mercury consumed in the United States in 1976 


(Flasks) 
Primary Redistilled Secondary Total 
1 AA BB E 607 - -— 607 
Pw, seo ιών F 987 180 1,264 
Dental preparations ___________________________ 643 1,231 116 1,990 
ID a ii i a il i . ani m sit m d n 19,546 7,527 425 27,498 
— aa preparation of chlorine and causticsoda ................. s x B. m 
and control instruments _—___ 2,172 2,265 630 5,067 
t: Mildew-proofing .........-------------------------------------- 7,845 P n 7,845 
7G ani oh i es Gaba nb a edt ek tse a pont 60 W aa 60 
DN Leu cenctésie . ̃ ͤ ͤ adii Gp eL Qd pagu 2,231 672 17 2,920 
/// 50,560 12,040 1,300 63,900 
Total μωρο PAL NUSA SS AUB 36 970 
DENN ² AAA Lem n wA 2 50,596 12,439 1,885 64,870 
| a< ined et omae eer rr n eon re ee τι "Other." 
udes fungicides and 71. RON 
Par --. 
600 
uJ 
- 
ac 400 
a. 
ul 
o 
< 
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ο 
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Figure 1.—Trends in production, consumption, and price of mercury. 
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Table 7.—Stocks of mercury, December 31 


(Flasks) 
Year Producer and Total 
dealer 
19722 171 11 15,708 
1918... $ 14019 17,946 
19744 4,100 5,TTT 19,877 
197522 4.858 20,691 25,549 
1016... 9,494 81,784 
STOCKS 


Stocks of mercury at yearend 1976 totaled 
81,784 flasks, compared with 25,549 flasks 
at yearend 1975. Producer stocks were up 
sharply from 4,858 flasks at yearend 1975 to 


9,494 flasks at yearend 1976. The increase 
in producer stocks was accompanied by an 
increase of 1,549 flasks to 22,240 flasks held 
by consumers and dealers. 


PRICES 


Prices of primary mercury rose in the 
early part of 1976 but fell back during the 
middle months before resuming the rise in 
September, On January 8, 1976, the New 
York price of mercury was $116 to $122 per 
flask, compared with $182 to $135 per flask 
on December 28, 1976. The average monthly 
New York price was $121.25 per flask in 
1976, compared with $158. 12 per flask in 
1975. The London price showed similar 
fluctuations. At the beginning of 1976 the 


London price was $80 to $85 per flask, 
compared with $104 to $110 per flask at 
yearend 1976. The average annual London 
price was $91.97 per flask in 1976, compared 
with $130.10 per flask in 1975. The national 
and international price increases late in 
1976 were attributed to the reported dis- 
continuance of mercury sales by Italy, 
Spain, and the U.S.S.R. and to roduction in 
output by producers in Mexico. 


Table 8.—Average monthly prices of mercury at New York and London 


(Per flask) 
1975 1976 
New York1 London? New York! London? 

J777%SCßSy%S0—o—õ˙ ee LE ILS $221.86 $188.75 $117.00 $81.88 
REO UPS qon SETA ορ SERE 225.11 194.69 124.72 94.51 
Mamh ο zu A ee Ta 195.49 110.00 129.22 99.06 
ου πια ³ðW³A E ( 8 162.78 141.75 127.91 99.68 
Mol ))) C 159.57 187.06 118.50 82.00 
CC A 152.38 127.50 109.05 82.50 
7 πμ ου αμ ee 199.18 114.69 108.18 83.25 
ΛΝ...“ nl a ei he dre ee 138.95 114.61 108.18 88.25 
Septemberrrrr!rr!rr!k!! -..-. 185.48 111.69 122.48 87.76 
NOOO ο ee e psi 129.59 108.07 182.25 100.28 
ovember ² AAA um. ui = = Rd = = MEE uh le teo iis LIN. M Qs aec Em 120.82 84.08 181. 101.67 
ν μίμος ρας JJ! K EE E 117.23 78.28 182.1 108.38 
Average 2n . neu LC 158.12 180.10 121.25 91.97 

. Metals Week, New York. | 

*Metal Bulletin, London; reported i in terms of US. dollars. 


820 


MINERALS YEARBOOK, 1976 


FOREIGN TRADE 


Exports of mercury totaled 501 flasks 
valued at $306,000, compared with 339 
flasks valued at $152,000 in 1975. Reexports 
totaled 12 flasks valued at $6,000 in 1976. 

Imports for consumption increased 1% 
in quantity but declined 4396 in value to 
44,415 flasks valued at $4.3 million. The 
average unit value for the year was $97.38 
per flask, compared with $173.24 per flask 
in 1975. The share of the U.S. market for 
mercury supplied by foreign countries 
amounted to 68%. 

Italy continued to raise exports to the 
United States, and recorded a 79% increase 
in 1976 to 18,172 flasks valued at $1.2 
million to become the largest foreign sup- 
plier of mercury. Imports from Algeria, the 
next largest supplier, rose 10% to 10,248 
flasks valued at $1.1 million, while imports 
from Yugoslavia, the third largest source, 
rose 55% to 6,739 flasks valued at $658,000. 
Imports from Spain rose 5% to 4,824 flasks 
valued at $461,000. Imports from Canada, 
which in past years accounted for the lar- 
gest share of imports, fell drastically to 
2,853 flasks valued at $249,000 as a result of 
the cessation of mercury-mining operations 


in Canada. The People's Republic of China 
in 1976 became a significant exporter of 
mercury to the United States when its 
shipments reached 4,353 flasks valued at 
$360,000. Shipments from Mexico, another 
major source of imported mercury in past 
years, continued to decline and reached 
1,719 flasks valued at $187,000 in 1976. 

Imports from the principal supplying na- 
tions in the Western Hemisphere (Canada, 
Mexico, Peru, and the Philippines) in the 
aggregate, continued to decline, and totaled 
4,872 flasks in 1976 compared with 16,129 
flasks in 1975. Conversely, imports from the 
other principal suppliers (Algeria, Italy, 
Spain, and Yugoslavia) in the aggregate, 
rose during this time from 21,832 flasks in 
1974 to 25,547 flasks in 1975 and 34,983 
flasks in 1976. 

The U.S. rate of duty on mercury imports 
during 1976 was 12.5 cents per pound ($9.50 
per flask) with the duty on waste and scrap 
suspended until June 30, 1978. This rate 
applied to imports from market economy 
countries. The statutory rate of 25 cents per 
pound ($19 per flask) applied to centrally 


controlled economy countries. 


Table 9.—U.S. exports and reexports of 
mercury 


155 
12 


WORLD REVIEW 


World production of primary mercury 
declined 3% to 243,987 flasks in 1976. 
Although demand increased during 1976, 
large inventories throughout the world 
acted to reduce preduction and to moderate 
the upward movement of prices late in the 
year. An international organization of mer- 
cury producers reportedly met intermittent- 
ly during 1976 mainly to review the mercu- 
ry situation and try to bolster prices. 

Canada.—Canadian mining operations, 
suspended because of low prices in 1975, did 
not reopen in 1976. Exports of inventory 
mercury continued in 1976, but by yearend 


these stocks were believed to be exhausted. 
China, People’s Republic of.—Production 
of mercury was estimated to total 26,000 
flasks in 1976. In addition to sharply in- 
creased exports of mercury to the United 
States, significant quantities were reported- 
ly exported to European countries. 
Italy.—Mine production of mercury total- 
ed 22,278 flasks, compared with 31,677 
flasks in 1975. Italy’s nonferrous metal 
agency, Ente Gestione Azienda Minerali 
Metallurgiche, reportedly closed its mercu- 
ry mining operations and halted sales of the 
metal during 1976 because of low prices. 
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Table 10.—U.S. imports for consumption: of mercury, by country 


1974 1975 1976 

Country Value Value Value 
Flasks (thousands) Flasks (thousands) Fissks (thousands) 
Algeria .....---------- 10,449 $2,843 9 $1,561 10 $1,110 
Canada ἔς pee E nd lie cd 16912 4,592 12501 vee 2269 — 
FFF 15 -5 35 6 sid end 
ο a δῦ ig — a 2 m 
πλ πο ο ο το. ad n eid bof à 38 
Italy Ji ͤ K S A NA E ET 7,940 1, 18,172 1,244 
FV 2880 2.318 ia 15 15 
Netherlands .. ΜΗΝ Bp 601 68 UN = 
PEE. o L Lu A ee, 1188 a 1,025 207 900 64 
E — í 6,293 1,624 4575 968 4824 ei 
J a 2! PEN er 5 8 7 24 
Switserland .................... 4 7 Z= za Z= EN 
— == S „ „ „ = = 
USSR ------------ Ri s 490 ioi e zs 
— 171 EE N EAE 4,245 1,158 4,896 627 6,789 658 
ισα ίσο L un m Ὅν. 52,180 18,948 43,865 7,599 44,415 4,825 
flasks 


10 1978 44472 1974, 52,102 flasks ($ riy 705 flasks 675) and Y 
2 — 550, aa rats 8122849, 1 i's Republie of 7 emi ($1,151, Nin ook 600 flasks 122 555) Yugoslavia 
($1,251,980 


(Flasks) 
Country 1974 1975 1976” 

J ðiV00nͥͥ αν ere eee oe een a MEN END 14,000 000 $1,000 
w ead tae ae niet eae a ELSIE 4, : 28, 
αμ — T ³·Ü ¹0-AA ³ ³ A ee ERU a z 14,000 12,000 
Chile .—— 2-5 Ln ee ος σος En ERU LL. 921 97 18 
China, People’s Republic οἵ" __ _ LLL ~~ "n τ 26,000 
Caechoslovakia _-____-____--_-----_----------------- 1 000 000 
MFMnlnd..— ce 8 Kc κκ κκ" 
Germany, West oo oad os ot 8 79,965 8,191 *8,200 
Ireland Me 5E0ẽ“u ⁵« ð d s ⁊ↄ ..:. y 77⁵ = 
%)öC00ͥͤĩͥD . 86 25,991 81,677 22,278 
%õͤ˙Ü5˙9 «]) ......dd LL e 1,409 ο. 
Miro accuse mee AA us 14,214 15,026 
Philippines _._____________________________________ hr 144 I 
Sdn ο πο eR ο ο τς OED r 44,010 *44,000 
TUDME ß Li LL LM E CL (1) (2) 
Turkey 22 —————— nnl eed ud ⁊ Lo es 78,833 5,421 *4,445 
USSR” Pw u um S a iL Su ua 54, 55,000 
United States __ ο .. ]½⅛˙ü%—. m0! ecc 2,189 7,366 28,188 
ké WA MOSS : . cene Aa 1 16,941 

7) ͥ ⁰¹ 1257, 477 252,429 249,981 

*Estimate. "Revised. 
! Revised to none. 


Spain.—Production of mercury totaled U.S.S.R.—Production of mercury was 
44,000 flasks, compared with 44,010 flasks estimated to total 56,000 flasks. Because of 
in 1975. Spanish producers reportedly dis- low prices, Soviet suppliers reportedly 
continued sales of mercury during 1976 withdrew from the international market in 
because of low prices. 1976. 
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Table 12.—Mercury: Experts from Italy, Spain, and Yugoslavia, by country 
(Flasks) 
"m Italy ‘Spain Yugoslavia 
— 194 197 1916 1974 1975 196 194 1975 ` 1916 
Australia .. -- ΝΑ 282 609 99 m . 
Austria ___ -— 4 1,441 NA .. 29 174 100 - UE 
Belgium-Luxembourg _. _._. _ 2 *6,511 NA 87 1,078 EM PM epee FEAR 
Canada 280 ids NA 783 174 174 e ae RN 
Colombia .----------- S 3 NA 485 ons I p x zT 
Egypt _ 35 ae 474 NA 145 s 495 τ. sa OR 
ms Bois πῶ NA 196 s 2 — -- LX 
Germany, East ________ 4908 112125 NA -- sod ini zr s Se 
Germany, West 71991 — 75990 18668 6295 | 1,682 580 S RIS ΝΕ 
8 39.5 M .: um. um Ὁ σον ων 
indian -. 8 369 9254 2879 8091 am p s 
rg e 2 NA 609 sé 145 -- as .- 
Jap en x - NA 696 485 899 μα E E 
Netherlands... .-.--.- 400 13.064 5782 661 $19 725 a aa RN 
Poland ___ -.-- -- 609 699 2009 877 522 in Kd en 
Portugal ____________ 114 50 NA 208 8T 208 Bç: pes pis 
Romania un — 2687 _— T2090 4082 o EN "e 
South Africa, Republic of _ _ 520 45 NA 661 485 812 ΗΝ "s za 
Sweden --- -- d 302 ΝΑ 1595 — 18992 KA zi p 
Switserland _....._._ — 90 ΜΗ ΝΑ 667 87 29 50 -- An 
5 400 το 3742 e αὶ ο). -- στ -- 
United States "1678 26,642 NA 6266 4294 4554 8152 8402 8,402 
Other countries and U 
τοι... T650 7329 10,5 76607 7350 1,848 1,009 ae -- 
Total 718,78 "49,467 — 40907 99190 18,26 28265 9,511 8402 8402 
"Revised. ΝΑ Not available. l 
TECHNOLOGY 


Scientists at the Federal Bureau of Mines 
Reno Metallurgy Research Center con- 
ducted an investigation of improved pro- 
cesses for recovering mercury from cinna- 
bar ores. The research was conducted on 
eight different mercury ores ranging in 
grade from 0.7 pound to 18 pounds of 
mercury per ton of ore and demonstrated 
that cinnabar ores were amenable to hy- 
drometallurgical recovery by an electroox- 
idation procedure that recovered 88% to 
96% of the mercury at a considerable sav- 
ings in energy consumption. 

Α study of energy use patterns in the 
production of mercury and other metals 
was conducted for the Bureau of Mines.‘ 
The report detailed energy consumption in 
each operation in the production of mercury 
metal and concluded that total consumption 
of energy per ton of metallic mercury 
amounted to 395 million Btu. 

Α new mercury monitor to determine the 
occupational exposure of workers to mercu- 
ry was developed at the National Bureau of 
Standards, U.S. Department of Commerce. 
The monitor is extremely sensitive, port- 
able, easy to use, inexpensive, and reusable. 
Use of mercury cells to produce chlorine 
may decline further as the result of the 
development of new membranes for use in 


diaphragm cells that also produce chlorine 
and caustic soda. The new membrane, 
made from perfluorsulfonic acid resin, lasts 
much longer than the asbestos membranes 
currently in use and produces a more con- 
centrated caustic soda containing less salt 
and chlorine containing no hydrogen. A 
patent was issued for treating roaster gases 
with sulfuric acid and potassium thiocya- 
nate and treating the condensate solutions 
with sodium sulfide to precipitate mercury 
metal.’ 


*Shedd, E. 8., B. J. Scheiner, and R. E. Lindstrom. 
— Teste’ — 

8088, 1975, 13 pp 
— and N 1 — 
Data Low- y 


Commodities). Open File Rept. 117(1)7 ç 
126-180; ; available for consultation at the kusaq 


Twin Cities, Minn., Mo., Boulder City, Nev., Reno, 

Nev., Albany, Salt Lake City, Utah; at the 

Central Library, t of the 3 [ew 

D.C.; and from Technical Information. 
5 1 


American Pain a Coatings Joumal ew Mercury 
Monitor la Highly Sensitive. 60, No. $4 Feb 2, 1916, p. 


icuy Tecnicu Juan de la Cierva Del Superior de 
Investigaciones Cientificas). Process for ing Metall- 
urgical Gases Centaining Sulphurous by Ex- 


Mica 


By Stanley K. Haines! 


Production of sheet mica was limited to a 
small quantity of handpicked muscovite 
from North Carolina. Domestic production 
of scrap and flake mica decreased 6% in 
quantity while sales of ground mica in- 
creased 4%. 

Consumption of block and film mica con- 
tinued to decline reaching 534,229 pounds, a 
drop of 14%. Mica splittings consumption 
rebounded to 5,025,152 pounds. Exports of 
all forms of mica increased 40% in quantity 
and 2% in value. Imports of all forms of 


mica dropped 45%, led by a 61% decline in 
imports of waste and scrap mica. 

Legislation and Government  Pro- 
grams.—The Defense Materials Inventory 
stockpile goals for sheet mica were revised 
in October. The goals for all forms except 
muscovite film were increased. The new 
goals are given in table 2. Shipments of 
excess mica by the General Services Admin- 
istration (GSA) amounted to 3,319,348 
pounds. 


1Physical scientist, Division of Nonmetallic Minerals. 


Table 1.—Salient mica statistics 


1972 1973 1974 1975 1976 
United Sta 
Sod τ used d by producers: 
κ ος ο - thousand pounds 14 30 20 5 5 
1 ain JJ ĩð2 C thousands 87 315 310 $3 
Scrap and flake mica _ _ _ _ _ thousand short tons 148 153 187 1 127 
Value c ο ο S uu ua ζώα thousands $4,353 $6,082 $5,475 $5,219 $5,686 
Saat ο οπών thousand short tons 130 137 117 11 120 
ποσα πμ UE: thousands $8,844 $9,464 $10,171 189,381 $10,226 
Consumption block and film _ _ thousand pounds 1,207 1 974 623 534 
-— "I3 ας s sus 
On, Splitting ....- ousand poun - D η , , ° 
pti M isi ο. ποσα ος thousan $1,771 $1,715 $2,801 $2,634 
po EREMO ANTON NR thousand ¿hort tO tons_ _ 9 6 
Imports for consumption ____._.._____ do_ 6 7 8 5 
World production- - -- -- ------- thousand pounds. _ = 510,185 1525, 709 "515,916 499, 464 471.082 
"Revised. 
Table 2.—Defense Materials Inventory for sheet mica as of December 31, 1976 
(Pounds) 
. Balance of ; 
Stockpile Total Total Sold in 
Ca ; disposal 
tegory d inventory excess aüthorisatiat 1916 
Muscovite block, Stained or better 6,188,000 5,108,133 T δία T" 
Muscovite film, Ist and 2d qualities 90, 1,829,960 1,239,960 62,187 19,814 
Muscovite splittings |... - - ------------ 12,681,000 22, 542,341 9,911,841 8,482,466 1,186,078 
Phlogopite block ων κώμα 8 206 127,773 = = E s 
Phlogopite splittings _. - -- - -- - - --------- 932,000 3,047, 958 2,115,953 2,097,953 857,975 
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Sheet Mica.—A small quantity of sheet 
mica was produced and sold locally in North 
Carolina. Oxford Feldspar Co., West Paris, 
Maine, produced and stockpiled sheet mica 
in 1976. The sheet mica in both areas was 
generally of low quality and grade, and was 
not mined as the primary product of the 
producing company. 

Serap and Flake. North Carolina re- 
tained its position as the leading producing 
State with 55% of the total U.S. production 
of 127,312 short tons. The value of the 
North Carolina mica was $3,793,295 or 67 
of the national total. The remaining 45% of 
scrap and flake mica output came from 
New Mexico, Pennsylvania, and South Car- 
olina. Scrap and flake mica was produced 
from the beneficiation of pegmatite ores, 


Santa Fe, N.Mex. The Feidspar Corp. 
Spruce Pine, N.C.; and Kings Mountain 
Mica Co., Inc., Kings Mountain, N.C. 
Ground Mica.—Sales of ground mica in- 
creased 4% in quantity and 9% in value 
over the revised 1975. totais. Dry-ground 
mica was 89% of the total, with wet-ground 
mica representing the remaining 11%. Both 


Table 3.—Mica sold or used by producers in the United States 


Sheet mica 
Uncut mica larger 
Year and State Ma nc and than punch and Total sheet mica Scrap and flake mica’ 
Pounds Value Pounds Value Pounds Value pene Value 
1918 ο ιά έως 14,280 $1,140 S a 14,280 $7,140 147,883 $4,858,818 
1918... m M" PN 30,000 $15,000 90,000 15,000 158,327 6,081,893 
1914-222 is ET 20,000 “10000 20000 10,000 196,966 5,474,096 
1915. ³˙· E EE T oa TM ,000 $5,000 2,500 184,582 
1976: 
North Carolina Z= Sa $5,000 $2,500 95.900 92.500 70,218 8,798,295 
Other States? _____ es =e ae -— x ie πο 51,099 1,898,109 
Total!!! um m «5000 *2,500 55,000 2,500 127.312 5,086,404 


*Estimate. 
e eee e e eee ad 


Table 4. Ground mica sold or used by producers in the United States, by method of 


Dry-ground Wet-ground Total? 
Year Short Value Short Value Short Value 
tons tons (thousands) tons 

1918 Lu uu dE et 104,625 $5,500 649 $3,343 180,274 $8,844 
JJ)!” ee ee Sees 120,162 6,469 15,739 2.995 136,501 $2,404 
W 2 S ee a A a a 101,455 6,8835 15,908 8886 111,968 30,171 
7 ¹ð mwꝛ! σα 104157 16,551 11,244 2829 €115,401 59 361 
1! 1 mQͤ m E SEE 106,355 7,120 18,197 3,107 119,552 10,238 

Revised. 

!Domestic and some i 


Sete may not add ⁵ ⁵⁵³—.. sounding: 


MICA 


Leading produce 
Harris Mining Co 
ed States Gypsum Co., Chicago, IIL; Deneen 
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rs of ground mica were Mica Co., Inc., Micaville, N.C.; and Mineral 
» Spruce Pine, N. C.; Unit- Industrial Commodities of America, Inc., 


Santa Fe, N. Mex. 


CONSUMPTION AND USES 


Sheet Mica.—Consumption of block and 
film mica dropped for the third consecutive 
year. Fabrication of block and film mica 
(muscovite and phlogopite) declined 14% to 
534,229 pounds. Of the total consumption, 
90% was muscovite block, 8% was phlogo- 
pite block 5 mica), and 2% was 
muscovite film 

Vacuum tubes required 66% of the total 
muscovite block fabricated. The remaining 
fabricated block was used in gage glass and 
diaphragms (3%) and capacitors and others 
uses (81%). Stained quality muscovite block 
mica was in greatest demand and accounted 
for 63% of consumption; lower than 
Stained, 35%; and Good Stained or better, 
296. 

Muscovite film consumption increased 
from 7,243 pounds in 1975 to 10,266 pounds. 
The filn was consumed primarily in the 
fabrication of capacitors. 

Muscovite block and film were consumed 
by 10 companies in 7 States. North Carolina 


had three consuming plants, New Jersey 
had two, while Massachusetts, New York, 
Ohio, Pennsylvania, and Virginia had one 
plant each. 

Phlogopite block consumption increased 
from 28,512 pounds in 1975 to 43,865 
pounds. Phlogopite was consumed by eight 
companies in five States. Virginia and New 
Jersey were the primary fabricating States. 


total of 4,746,000 pounds in 1975 to 5,025,000 
pounds. India and the Malagasy Republic 
supplied the bulk of the splittings consumed 
domestically. Splittings were fabricated into 
various built-up mica products by 10 compa- 
nies with 11 plants in 8 States. Five plants 
located in Ohio, New York, and New 
Hampshire consumed 9.9 million pounds of 
splittings, or 79% of total consumption. 
Built-Up Mica.—This mica-based product 
was made in various forms, primarily for 


Table 5.—Fabrication of muscovite ruby and nonruby block and film mica and 
phlogopite block mica, by quality and end-product use in the United States in 1976 


(Pounds) 
Electronic uses Nonelectronic uses 
Variety, form, Gage | 
i Grand 
prd Tubes Other Total ae Other Total — tal 
phragms 
Muscovite: 
Good Stained or better 990 5,892 1,888 8,720 2520 1,113 8,689 12,358 
ined __ 208 ,020 38,384 — 268,607 1,884 55% 82,441 301048 
Lower than Stained! .. _ ἘΠΕ 19,156 16,836 95,992 10,700 60,005 70,706 166,697 
Total 1,198 315.068 57,058 373.819 15.104 91,675 106,779 480,098 
Film: 
Eire qay 3 2,890 3,100 46 5,586 -.- EL ΡΝ 5,596 
6 3.219 = 186 8,406 δ ΚΝ το 3,406 
Other quality . ` 1,825 n -- 1,325 eun s = 1,326 
„„ LL Su L 6,934 3,100 232 10,266 e PE 3 10,266 
Block and film: 
Good Stained or better? _ _ 8,880 8,992 1,884 1 2,520 — 1,113 3,633 17,889 
Bd — cec 8,422 ,020 88,570 2,012 1,884 — 30,557 82441 304458 
Lower than Stained _ _ _ _ 1,825 79,156 16,836 97,317 10,700 60,005 70,705 168,022 
Total 8.127 318.168 57,290 383,585 15.104 91,675 106,779 490,364 
Phiogonite: Block 
qualities) ---- pa 200 358 558 -- 43,307 43,307 43,365 
1Includes punch mica. 
*Includes first- and second-quality 
other-quality 
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use as electrical insulating material. Mold- 
ing plate, segment plate, heater plate, and 
other uses registered gains-in production. 
Segment plate was the form in greatest 
demand, with 33% of the total, followed by 
molding plate with 28% and tape with 17%. 

Reconstituted Mica (Mica Paper).—Five 
companies consumed 4,227,427 pounds of 
scrap mica to produce 2,715,158 pounds of 
mica páper in 1976. The manufacturing 
companies were General Electric ae aaa 
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nectady, N.Y.; U.S. Samica Corp., Rutland, 

Vt.; Kirkwood Acim Paper Co., Hempstead, 

N.Y.; Essex Group, United Technologies 

Corp., New Market, N.H.; and Corona Films 
Inc., West Townsend, Mass. 

Ground Mica.—Ground mica sales in- 
creased 4% above the revised 1975 level of 
115,401 short tons. The principal end uses 
were joint cement (4490), paint (18%), roof- 
ing (4%), and rubber (4%). 


Table 6. Fabrication of — ruby and nonruby block and film mica in the ος, 
| States in 1976, by quality and grade 


(Pounds) 
| No. 4 | 
. Form, variety, and quality and No.5 No. 51/2 No.6 Other! Total 
| larger 
Block: 
Nuby: 
Good Stained or better 2, 930 294 6,517 — 10,738 
inn 8 10,465 104,817 62,767 86,767 2,1 266,919 
Lower than Staind 6,542 11,122 16,426 67,080 85,920 137, 
Total! mcn ns es 20,004 116,869 79,487 160, 364 88,023 414,141 
Nonruby | | 
Stained or better ... . _ _ 1,292 123. E 200 SUR 1,615 
Stained οι ες εις mace emen 25,129 8,943 ` 2,052 2,405 m 84,129 
Lower than Stained 4,512 10 e 8,150 21,875 29,607 
Total dac c t iA τη. 31,593 4,076 2,052 5,155 21,875 65,851 
Film: 
Ruby: 
First AT ss ee Se 800 779 475 2,425 m 4419 
Second q J πμ μμ μα 108 930 1100 215 Ere 2,408 
Other quality FORME TON 8 us T -- st 1,325 1,825 
„ P 903 1.709 1,575 2,700 1.325 8.212 
Nonruby: 7 
i ualty p us Lu σας sul LL CE ES 17 620 420 "T 1,057 
Second quality - - LcLcL cc SE SA 997 Ss E 997 
Other quality 37 ĩðV2d EEE EE T TEN NUM ἘΠ "a 
Totll . POS NS 17 1,617 420 er 2,054 


!Figures for block mica include all smaller than No. 6 grade and “punch” mica. 


Table 7. — Consumption and stocks of mica splittings in the United States, by source 
l (Thousand pounds and thousand τν 


India . Malagasy Total! 
Quantity Value Quantity Value Quantity Value 
Consumption 
M pe NE 4,245 1,658 T9 118 4, 1,771 
Lr SERERE eee Se ee 5,063 1,606 115 109 5,178 1,715 
]9)7 uo ee ae 8 6,026 2,673 160 128 6,186 2,801 
IJ! . ³ 4.625 2,529 120 104 4,146 2,634 
JJ!!! nd Se erty SOO 4,903 3,084 . 122 142 5,025 3,226 
Stocks Dec. 31 
1072-5. nin απ Lu ciu 1,723 NA: 86 NA 1,809 NA 
1978 τς πια κο νο κοντα τὰ. 1.246 ΝΑ 55 NA 1,301 NA 
111 sma ete anne ery ne 9,110 ΝΑ 87 NA 3,257 NA 
JJ. ĩͤ dd ee 3,465 NA 144 NA 79,510 NA 
. ³ð³ BA eee 8,166 NA 124 NA 3,290 NA 
NA Not available. 


Data may not add to totals shown because of independent rounding. 
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Table 8.—Built-up mica! sold or used in the United States, by product 
(Thousand pounds and thousand dollars) 
E 97 
νο 1975 | 1976 
Quantity Value Quantity Value 
Molding plate ..................--...- -- -.-- -.-- -..:---.--.-.-.-...- -. -. -.-. -. -. -..... 1,272 2,790 1,881 8,033 
/ ĩéͤ re Ld 1.557 3,605 1,620 4,068 
ο αι u u L MENT NC μπω μ.ο... 155 428 179 256 
Flexible! C: i ˙² ² . v.. m ei UE 705 1,724 588 1,612 
pepe Tm Po ee vm ap ee ane nk See a mua ο Pe a OD 930 3,467 819 8,844 
))).k.;ö;VͤlB! 253 1,075 1,165 
ß ß EU EAE E 4,872 13,089 4,915 13,474 


1Consists of alternate layers of binder and irregularly arranged and partly dise splittings. 
Data may not add to totals.shown because of independent rounding. 


Table 9.—Ground mica sold or used by producers in the United States, by use 


; 1915 | 1976 
U 

Ξ Short tons (¢housands) Shorttons (thousands 
GM y RE 710,406 18464 5,011 3219 
P / μοι πο A ĩ uz ao SS 4,336 936 4,680 1,010 
πι αντ ET" 8 2,657 21,224 2,362 
Joint cement .........................----------------.---.-.-- 743,507 1.841 52,799 3,851 
An o eh s r34,854 F3,485 35,838 2,784 
Toll ο u A uui LA een u F115,401 "9,881 119,552 10,226 


TRevised. 

‘Includes mica used for agricultural products, molded electric insulation, annealing, plastics, welding rods, well 
drilling, textile and decorative coating, wallpaper, and brick. 

Mata may not add to totals shown because of independent rounding. 


STOCKS 


Yearend stocks of sheet mica were 3.7 film. This information was obtained by 
million pounds. Of this total 88.6% was direct canvass of consumers of sheet mica. 
splittings, 11.2% was block, and 0.2% was 


PRICES 


The average value of muscovite sheet in 
1976, based on consumption data, follows: 
Block, $2.68 per pound; film, $4.38 per 


Table 10.—Price of dry- or wet-ground 
mica in the United States in 1976: 


pound; and splittings, $0.64 per pound. The yog 

average value of phlogopite sheet mica, also pound 

based on consumption data, follows: Phlog-  Dry-ground: 

opite block, $1.89 per pound, and phlogopite Joint cement, 100 meg 45 

splittings, $0.87 per pound. Roofing, 20 to 80 mesh ----------- 288.5 
The average value of scrap and flake mica — Wet.ground:* 

produced during 1976 was $44.67 per ton. Rubber we --------. 14548 

Prices for wet- and dry-ground mica quoted Μαί]ρερετ......---------------------- 12-18 


in the Chemical Marketing Reporter essen- 
tially remained at 1975 levels. 


In bags at works, carlots, unless otherwise noted. 
*Freight allowed east of the Mississippi River. 


Source: Chemical Marketing Reporter. V. 210, No. 26, 
Dec. 27, 1976. di 
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FOREIGN TRADE 


Exports of all forms of unmanufactured 
mica increased 382%, from 10,977,353 
pounds in 1975 to 14,449,150 pounds. Cana- 
da led the increase with a jump of 96% to 
6,660,106 pounds and an average value of 
slightly over 7 cents per pound indicating 
that the vast majority of the mica exported 
was ground. West Germany was the second 
leading country of destination for the ex- 
ports, followed by Japan, France, and 
Guatemala. The overall average value of 
the exported mica was 24 cents per pound in 
1976 as compared with 28.7 cents per pound 


in 1975. The average value indicates that 
most of the material exported was ground 
mica, but there was a large enough quantity 
of the more expensive sheet mica to raise 
the average value. 

Imports of all classes of mica declined 
from 16,651,268 pounds in 1975 to 9,195,508 
pounds in 1976. The largest changes were in 
the waste and scrap category with a drop of 
61% to 4,212,574 pounds and splittings with 
a decrease of 55%. India was the leading 
source country with 60% of total imports 
with Brazil second with 20% of the total. 


Table 11.—U.S. exports of mica and manufactures of mica in 1976, by country 


Mica, including block, 
film, splittings, waste, Manufactured 
— scrap and ground mica 
Penn Value Value 

Argentina ος v r EE 37,869 $49 13,516 $65 
Australia. -—— o ³Wwü ⁰⁰yd uL ⁰ a Cus 4,600 883 98 
τις Πιο μασ ) . -- THER 1,719 9 
a Luxembourg: 2 . ee νομών See 24,195 2 240 4 
11!!! pp Rg eat ̃ p SUE ον ̃ĩͤ p S a a ans 37,295 13 116,668 451 
Carada ni. 8 κε ον = nar 1,020 
iP S MC ο ο το CSS S 280,078 51 102 6 
Torta Ria μπα οκ ο A c mam E T, 1 22 1 
ninaru ZL LD ðxs ³Kĩ LE αι ο = BU 4,121 21 

Deainican Republie uo eee ee eee eee et T 1,473 
DR e ect το E E ĩ ĩ 18,118 3 ΠΚΕ E 
NIME" ERE 000 59 e T 
κ μα ος αμ ũnekr ⁰ e c M e e 218,229 14 21,286 28 
ο ο ismu a FEN UPON ĩͤ ει μμ 46,195 13 ἘΠΕ nee 
cè Qutu saus a ed NECNON ere eee EN 616,276 87 8,194 62 
Germany, Wee. oe eee ον cedem 914 129 κ. Nn 
f πο πα μα i mete seis e ,000 1 πα ia 
%%0)öÜ Ü οσον ß S tra 19,500 2 1,027 8 
ο. ο 22222  — ——— P M re ei 2 E 
Ho ODER lm ß MEL E : an E 
H ped ed ο ο NEA E a eet ace 8 97,051 290 oe ee 
. E A NS ee ο m 8 377,000 48 192 5 
Jr μμ κ mts αμα μα 302,126 63 290 2 
Italy o cuc oc ⁰yd m 8 463,510 86 85,653 178 
Jamait 5 nuc Lu Z u Gu CO ED A AL LLL 122 13 1,970 5 
JEDER uu on ee on ARI EA E 88 640,724 857 369 7 
Korea, Republic ooa[uaTbh“h%᷑dl 24,116 29 mes a 
Malaysia .------------------------------- 56,400 9 — m 
ene, p p M A LL 127,062 88 94,210 299 
Netherlands ___-------------------------------- 215,500 22 193 8 
Norway ³o¹ſſſdſdſdu. 88 608 2 1.072 7 
JJ ο ο eee αυ a AL CE 43,850 6 16,899 15 
///; o ch dtr D m 8 69,080 9 6,624 88 
;õÄł % ũnt ³ a o uu S E ue aon te 1,598,911 868 
Philippines ------------------------------------ 29,000 5 IE di 
Saudi Arabia ο ο ο 0 ⁰y y ĩ αμα 315,324 245 10,124 25 
Singapore ctun ee ee re AL E 455,028 103 199 8 
South Africa, Republic of ...........------------------------ shes = 490 66 
ö πισω A LL ee usss 68,148 12 87,744 218 
OOO — le ah i le cd. EL e 44,000 7 902 7 
TAIWÉD 750 ñ³iüĩ y e iu Lu 25,181 28 1,400 8 
T ecce MM MD UE ENTER PE, DER 12,000 2 e τ 
United Arab Emirateeettsssss 800 18 232 8 
United Kingdom -------------------------------- 186,235 258 2,380 4 
Venn ] ˙ A ard idu 978 56 69,112 107 
1 ² — ue ³ Vↄ² ²m;m; 8 a M 2,829 18 
Ομόνοια Ei 8 178,251 116 41,429 121 
Total. ndn y IA σα 14,449,150 $3,477 2,481,151 $3,776 


MICA 82 


eo 


Table 12.—U.S. imports for consumption of mica, by kind and country 


Unmanufactured 
| Waste and scrap Block mi Other 
— — — — ock mica 
SH "bend try Phlogopite Other di Muscovite Other, n.e.c. 
Quan- Value Quan- Value Quan. Value Quan. Value Quan- Value 
tity (thou- tity (thou- tity (thou- tity (thou- tity (thou- 
(pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) 
1914... 25 -- 6,633,773 $193 582,832 $724 49,920 $21 160,638 $202 
17585 —— ze - 10, 672, 125 356 247,681 507 1.084 13 655,727 176 
ras 538 3 
istan _ ΠΡ dun m = - ἘΠῚ zm Ed 
Brazil! -- _. 641,338 31 279,803 392 998 3 926,854 124 
Canada es S e "s m e THEN m 86,170 
France .... ME P MUN SNR -- M NN betae 7,640 
India ....- 2,836 $3 3,568,400 171 57,171 236 1,169 267,885 TO 
Japan me er NUN EPA 146 2 8 σος. 2E εν 
Re- 

public .... ΚΠΣ ἜΗΝ whe S 9,369 15 z5 δας 6,061 22 
South Africa, 

Republic of 2a es Te ΗΝ 748 15 M i 8,800 1 
5 NM "m a Pu tem 576 11 662 6 15 1 

dom Tm EM TR s 20 4 T3 11 =. EPA 

Total 2,836 8 4,209,738 202 347,828 675 8,440 32 1,803,425 234 
Dr Manufatued =— ος 
- Not cut or stamped Cut or stamped 
Splittings notover0.0006 inch ^ Not over 0.0006 inch Over 0.0006 inch 
in thickness in thickness in thickness 
Quan- Value Quan- Value Quan- Value Quan- Value 
tity (thou- tity (thou- tity (thou- tity (thou- 
(pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) 
19714 4,970,618 $1,318 75,139 $37 122,934$ 2,056 151,603 $265 
1975: 2 κα 8,790,511 911 8,751 8 30,844 850 59,096 127 
1916: | 
Canada 174,645 9 zl TE 5,700 8 2,451 15 
Haiti! -- T Em -- 1,603 29 E -- 
India 1,350,480 411 100 1 66,177 731 105,051 212 
Japan me ep us m" Sas ο 200 1 
- = E ΚΠ Fon ERE NN -- zn 
public δε... 185,848 141 eee κοΐ». e REN 11 () 
Netherlands . M = = m Ls Es 4 1 
Tawan — TR Ec m t 449 16 οτε. z 
dom Ne um ha ELE 894 4 82 4 
Total 1,710,978 561 100 1 74,413 789 107,799 233 
Mica plates and Ground or Articles not especially 
built-up mica pulverized provided for of mica 
- Value - Value - Value 
ty (thou- tity (thou- tity (thou- 
(pounds) sands) (pounds) sands) (poun ) 
1974 __ --- 906,110 $951 223,686$ 16 102,832 $285 
1975 __ ᷣͤ 973,638 1,255 201,996 22 15,810 262 
1916: 
Belgium- 
Luxembourg 781,180 1,064 WM — — 
d 88 441,812 81 2,600 16 
France e ΚΝ 98,97 11 331 1 
Germany, 

West 8,781 20 s -— 4,414 11 
India 33,469 86 EON αν. 29,593 212 
Italy — Se εκ. TR 30 1 
Japan 2,024 5 M εὖτ 296 6 
Mexico 145 2 EN fw κα Ἔν 
Netherlands e = us dus 149 21 
Switzerland - =. 2 606 Ὁ e EN 

dom 818 lc ο. 1,937 17 

Total _ _ _ 848,758 1,276 546,854 48 89,344 285 


!Less than 1/2 unit. 
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Table 13.—U.S. exports and imports of mica 
(Thousand pounds and thousand dollars) 


Exports Imports for consumption 
(all ^ Uncut sheet 
Year classes) and punch Scrap Manufactured 
Quantity Value Quantity Value Quantity Value Quantity Value 
ij ES 17,897 6,515 793 947 6,634 193 6554. 4.928 
1717 ³¹¹³ a 12,110 7,104 904 696 10,672 856 5,015 2,995 
. ccs 16.990 7,258 1,655 941 4,213 205 8,928 8,198 
WORLD REVIEW 


World production of all forms of mica countries. The United States remained the 
declined 6% from 1975 to 1976. India was world leader in production of scrap and 
the world leader for production of sheet  flake mica (for ground mica). 
mica. Brazil and the Malagasy Republic India.—The Government of India re- 
were other major sheet mica producing  mained firm in their recommendation re- 


Table 14.—Mica: World production, by country 


(Thousand pounds) 
Country! μι 1974 1975 1976P 
DER 8 939 948 *990 
Waste, sri P T p E 6,109 6,393 *6,600 
77. Uma eth ας ο 8 75,761 2,425 *2,400 
%%%! μα ο yd yd 90 
JJ) ũ]Pf§:;Üᷓ;8?8S; y ο 216 4290 220 
f D e E 8.800 8,800 8,800 
India: 
Exports 
Block? c μμ ²˙ ¹“¹Ü⁰́i ĩð 72,119 1,241 *1,800 
Splitting — —— ꝛ k d fyt:yʒ er este s 714,282 1,628 
τι, o iure p d μασ EAE. uwa eT 61,970 26,989 *33,000 
Domestic consumption, all classes 23,810 744,000 22,000 
DAI, c dd LL 102,181 79,258 65,600 
Korea, Republic of (βεγἰςϊί6).....-- - - -. - -. -- -- -- ------------ -- - - ------ ------------ -- -. 5,952 *6,600 11,715 
Malagasy Republic (phlogopite): 218 - 
Splittings.________________________________________-_- 1,215 981 187 
NEE APES NE UR Site saw p OER . 1,861 1,867 
Mozambique (including scrap) ene e eR reae eus 71,878 1,984 *2,000 
που να οικου μοι Scc 8 10 
Norway (including ως μα ðͤ κκ eee ok eee eee NIST τ *13,000 
J) ENDE ENT RN 8 1 
South E Republic of: I : 
111111 τοι 5,944 5,536 5,247 
Sri Lanka (gerap) uo « yᷣ y d ⁰mt ⁰ LL 97 5432 
J7;õö%.;ù³i˙uu. ⁵ↄ² 2 ͥ ꝗ GG usa 88 551 550 1.218 
HHH!» oor 'A ⁰⁰ydæ. A E e 20 13 
USSR. (all grad,... T 90,000 92,000 95,000 
United States: 
Scrap and flake______________________________________-_-- 273,932 270,000 254,624 
Yugoslavia πει ͤ v ᷑ ĩͤ .. eec 192 180 
jos er ⁵ d ουν ο . νο» 1515,916 499,464 471,082 


*Estimate. Preliminary. ‘Revised. 

1In addition to the countries listed, the People's Republic of China, Romania, Southern Rhodesia, the Territory of 
South-West Africa and Sweden are known to produce mica, but available information is inadequate to make reliable 
estimates of output levels. | 

ports. i 

3Includes micanite and other built up mica. 

*Includes condensed film, washer and disks. 

Includes sheet, strips, and powder. 

Lees than 1/2 unit. 


MICA 


quiring 4090 of all orders to be placed 
through the Government's Mica Trading 
Co. (MITCO), with the remaining 60% to be 
placed with traditional suppliers. MITCO 
concluded agreements with the U.S.S.R. for 
the supply of sheet mica in 1976. The 
U.S.S.R. was to receive about 35% of India's 
total mica exports on a value basis. East 
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Germany also contracted for a large supply 
of sheet mica from India. 

Malagasy Republic.—Mica (phlogopite) 
mining operations were shut down in Jan- 
uary 1976 owing to lack of demand for 
phlogopite block and splittings. The 1,023 
tons of mica exported was from stockpiles. 
Mining is expected to resume in mid-1977. 


TECHNOLOGY 


The U.S. Bureau of Mines research sta- 
tion in Tuscaloosa, Ala., successfully con- 
ducted preliminary tests to air classify mica 
from a mica mill tailings dump. The mica in 
these samples did not respond adequately to 


conventional beneficiation techniques. A 
sample containing 7% mica was screened 
and then air classified to recover the mica. 
This process resulted in a 7296 mica concen- 
trate. 


\ 
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Molybdenum 


John T. Kummer! 


World output of molybdenum increased 
about 896 over that of 1975, but was exceed- 
ed by demand. The result was some tight- 
ness in the molybdenum market, especially 
during the second half of 1976, and a draw- 
down of producer stocks. In the United 
States, mine production increased approx- 
imately 7% while total industry stocks were 
reduced almost 20%. Although reported 
domestic consumption of molybdenum 
products was down slightly, apparent de- 
mand increased 8.6% to almost 60 million 
pounds. Reduced availability of some mo- 
lybdenum materials was reported during 
the latter part of 1976. The price of mo- 
lybdenum concentrate and other primary 
products was increased three times during 
1976, on each occasion by 8% to 10%. These 
increases were attributed to higher opera- 
ting costs, large capital expenditures, and 
the increased demand for molybdenum 
materials during the year. 


Legislation and Government Pro- 
grams.—During 1976, the General Services 
Administration (GSA) sold 130,151 pounds 
of excess molybdenum contained in mo- 
lybdenum disulfide, and as a result, no 
uncommitted molybdenum materials re- 
mained in the Government stockpile. The 
revised stockpile goals announced in Octo- 
ber 1976 bv the Federal Preparedness Agen- 
cy (FPA) of GSA did not include molybde- 
num materials. Shipments from the stock- 
pile during the year totaled 1,594,378 
pounds of excess molybdenum, including 
1,263,831 pounds in molybdenum disulfide, 
257,851 pounds in ferromolybdenum, and 
72,696 pounds in molybdenum oxide. GSA 
reported an inventory of 22,231 pounds of 
molybdenum in ferromolybdenum at year- 
end 1976. 


1Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient molybdenum statistics 
(Thousand pounds of contained molybdenum and thousand dollars) 


Imports for consum 


ption 
Stocks, Dec. 31: Mine and plant: 


Stocks, Boc 


"Revised. 


Mb o oo LLL EC 8 
. 31: Producer 
World: Production 


1972 1973 1974 1975 1976 
-— 112,138 115,859 112,011 105,980 113, 233 
-- 102,197 135,097 118,168 105,170 114, 527 
-- $170,530 $217,721 $234,658 ,928 ,494 
ος 62,560 82,477 91,706 90,046 84,966 
=e 385 4 1 2,567 2,093 
z S 45,243 21,998 18,659 10,680 9,390 
ie 64,841 85,046 88,509 787,501 83,970 
-- 75,538 108,687 114.799 89,789 99,144 
e: 45,558 57,049 63,476 51,743 50,448 
-- 898 387 16,07 22,868 13.210 
--. 174,813 "180,088 "185,568 176,713 191.287 
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DOMESTIC PRODUCTION 


Reported domestic mine output of mo- 
lybdenum increased by 7.3 million pounds, 
or 6.8% over that of 1975. Production from 
primary molybdenum ores totaled 75.2 mil- 


lion pounds, 6.4% higher than in 1975. 


Production from byproduct molybdenum 
sources, which are predominantly copper 
porphyry ores, totaled 38 million pounds, 
7.8% higher than in 1975. The amount of 
molybdenum produced as a byproduct of 
tungsten and uranium mining operations is 
normally small and decreased slightly in 
1976. 

Molybdenum ores were mined in Colora- 
do at the Climax and Henderson mines, 
both owned by AMAX Inc., and in New 
Mexico at the Questa mine, owned by Moly- 
corp Inc. A record production of nearly 61 
million pounds of molybdenum was at- 
tained by underground and open pit oper- 
ations at the Climax mine. Production of 
molybdenite (MoS.) concentrate began in 
August 1976 at the Henderson mine; output 
of molybdenum totaled 3 million pounds in 
1976 and is scheduled to be approximately 
20 million pounds in 1977. Production of 
molybdenum at the Questa mine also 
reached a new high of 11.5 million pounds. 

Byproduct molybdenum was produced 
from 14 mines, 12 of which were low-grade 
copper porphyry deposits. As in previous 


years, the two major byproduct producers 
were the Sierrita mine of the Duval Corp., a 
subsidiary of Pennzoil Co., and the Utah 
copper mine of Kennecott Copper Corp. 
Both firms operate other open pit copper 
mines which produced byproduct molybde- 
num; together with AMAX Inc., and Moly- 
corp Inc., the four corporations accounted 
for almost 9490 of domestic production. 
Other producers of byproduct molybdenum 
included Magma Copper Co., Cyprus Mines 
Corp., and Anamax Mining Co., all of which 
operate surface copper mines located in 
Arizona. Mining, concentrating, and smelt- 
ing activity at Kennecott's Nevada Mines 
division near McGill was suspended during 
1976 because of escalating costs and envi- 
ronmental mandates. Late in the year, Ken- 
necott announced plans to reopen the cop- 
per mine and concentrator during 1977. 

The startup of operations at AMAX's 
Henderson mine near Empire, Colo. was 
the most significant development in the ex- 
pansion of molybdenum production capaci- 
ty during the year. The Henderson orebody 
was discovered in 1964, and construction of 
mining, milling, concentrating, and haulage 
facilities has been in progress over a 10-year 
period. Designed capacity of 50 million 
pounds of molybdenum per year is projected 
for 1980, by which time capital expenditures 


Table 2.—Production, shipments, and stocks of molybdenum products 
in the United States 


(Thousand pounds of contained molybdenum) 


Received from other producers 
Gross production during year 
Used to make other products listed here 
Net productioonnnns 
Shipments 
Producer stocks, Dec. 8g1___ l.... 


— a a — — a —  — — — — — — — — — we we oe cee ee ee s s — — — 


Received from other producers -. -- -. -. -..-. 
Gross production during year 
Used to make other products listed here 
Net productions 
Shipments -~ - ---------------------------—- 
Producer stocks, Dec. (ο. „ 


TRevised. 


1975 1976 1975 1976 1975 1976 
Molybdic Metal Ammonium 
oxides! powder molybdate 

8,194 6,541 9 16 837 
94,175 884 8,412 4,461 3,456 2,457 
24,032 25,141 459 622 1,508 1,506 
70,143 65,748 2,953 3,839 1,948 951 
71,747 77,300 3,147 4, 045 2,074 2,378 
17,130 10008 473 448 1,347 152 

Sodium 

41 48 20 43 9,101 7,571 
1.196 1.133 11,408 12,406 118642 111,341 
127 1 15 101 26,141 27,371 
1,069 1.132 11,3888 12,305 "87,501 83,970 
1,054 1.279 11,767 14,142 89,789 99,144 
170 71 3,743 1,936 22,863 18,210 


Includes technical and purified molybdic oxide and briquets. 


2Includes ferromol 


enum, calcium molybdate, phosphomolybdi 
molybdenum metal, pellets, molybdenum pentachloride, and sri ama 


acid, molybdenum disulfide, molybdic acid, 
enum hexacarbonyl. 
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Figure 1.—Apparent consumption, production, and supply of molybdenum in the United 
tates. 


on the Henderson facility will approximate 
$500 million. The project was cited as the 
Outstanding Engineering Achievement of 
1976 by The Northern Chapter of The Pro- 
fessional Engineers of Colorado. Ore re- 
serves approximate 300 million tons aver- 
aging 0.49% molybdenite, and account for 
about 25% of the estimated reserves of 
molybdenum in the United States. 

Startup of the first roaster and a sulfuric 
acid plant at AMAX's new conversion facil- 
ity near Fort Madison, Iowa, was scheduled 
for mid-1977. High-purity molybdic oxide 
and molybdates were first produced at the 
plant in 1975. A sulfuric acid plant under 
construction at AMAX's Langeloth, Pa., 
conversion facility was nearing completion 
at yearend. 

Questa Molybdenum Co., a partnership 
formed in 1975 by Molycorp Inc., and Ken- 
necott Copper Corp., announced the results 
of an exploratory drilling program to de- 
lineate additional molybdenite mineraliza- 
tion on Molycorp's Questa property in New 


Mexico. During 1976, the partnership com- 
pleted about 130,000 feet of drilling and 
outlined an estimated 91 million tons of ore 
with an average grade of 0.34% molybde- 
nite at a 0.20% MoS, cutoff. The ore, report- 
ed to occur in two separate zones, was 
thought to be amenable to underground 
block-caving methods. Additional minerali- 
zation was also indicated within the out- 
lined zones and in another area on the 
Questa property. A feasibility study was 
conducted to evaluate mining programs and 
to make cost estimates for production from 
the newly outlined ore zones. The feasibility 
study and further exploratory work are 
expected to be completed by mid-1977. An 
operating program which would produce 
300 million pounds of molybdenum in con- 
centrate over a 15-year period reportedly is 
necessary if Kennecott continues in the 
partnership for a production phase. 

The discovery of a substantial molybde- 
num deposit in the Ketchikan area of south- 
eastern Alaska was made by the U.S. Borax 
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& Chemical Corp., a subsidiary of Rio Tinto- 
Zinc Corp., Ltd. The ore body was reported 
to have a potential size of 100 million short 
tons grading 0.20% to 0.35% molybdenite. 
Mineralization is at or near the surface and 
thus amenable to open pit mining. Cost of 
construction of an open pit mine, concen- 
trating plant, and other support facilities 
was initially estimated at $250 million. Up 
to 1,000 would be employed during con- 
struction, and about 500 workers would be 
required once full-time operation was 
reached. According to the company, about 3 
years of further exploration and other stud- 
ies would be necessary before a decision to 
mine could be made. 

Expansion of mining and concentrating 
capacity continued at the open pit copper 
mine near Bagdad, Ariz., operated by Cy- 
prus Bagdad Copper Co., a subsidiary of 
Cyprus Mines Corp. A 5,800 ton-per-day 
concentrator has been producing copper 
and molybdenum concentrates at the mine. 
The new concentrator, expected to begin 
operating during the latter half of 1977, 
would have the capacity to process 40,000 
tons per day. Future production of bypro- 
duct molybdenum could exceed 1.2 million 
pounds per year. The company reported 
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that exploratory drilling at the Bagdad 
deposit encountered additional mineraliza- 
tion but that further work would be neces- 
sary to determine its economic importance. 
Proven reserves at the Bagdad mine totaled 
300 million tons of copper-molybdenum ore 
at the end of 1976. 

During 1976, Cyprus Mines Corp. began 
negotiations on a joint-venture agreement 
to develop and operate its molybdenum 
prospect at Thompson Creek in central 
Idaho. Exploratory and other developmen- 
tal work will continue on the prospect into 
1977. Should the project reach the pro- 
duction stage, Cyprus would become the 
operator of the mine. 

The construction of new mining and mil- 
ling facilities progressed on schedule at the 
Sierrita mine, operated by the Duval Corp., 
south of Tucson, Ariz. The major facets of 
the expansion program included con- 


struction of a crusher building to house two 


new gyratory crushers, a 2.8-mile ore con- 
veyor system, and a 1.5-mile waste conveyor 
system. Completion of the construction pro- 
gram was scheduled for April 1977, at a 
total cost reported to be $30.6 million. The 
Sierrita open pit copper mine is a major 
producer of byproduct molybdenum. 


CONSUMPTION AND USES 


The quantity of molybdenum in concen- 
trate consumed by roasting to produce 
technical-grade molybdic oxide decreased 
by 5.1 million pounds and was 5.6% less 
than in 1975. Some molybdenum concen- 
trate was purified to lubrication-grade mo- 
lybdenum disulfide, and a small amount 
was added directly to iron and steel fur- 
naces. Molybdic oxide, the primary form of 
molybdenum produced at conversion plants, 
was consumed directly in end-use applica- 
tions or converted to other molybdenum 
materials such as ferromolybdenum, molyb- 
dates, or metal powder. 

Total reported end-use consumption of 
molybdenum materials decreased 1.3 mil- 
lion pounds, 2.5% below that of 1975 and 
20.5% below the record high established in 
1974. On the other hand, apparent domestic 
consumption increased to 59.8 million 
pounds, 8.6% higher than that of 1975. 
According to most industry accounts, 
worldwide demand was strong relative to 
1975, and some consumers reported difficul- 


ty in obtaining certain molybdenum mate- 
rials. 

The decrease in reported consumption of 
molybdenum was predominantly due to re- 
duced usage of molybdic oxide and 
ferromolybdenum in steel production. For 
all categories of steel output, molybdenum 
consumption decreased 3.5 million pounds, 
or 9.3%, compared with that of 1975. The 
only steel category in which molybdenum 
use increased was that of tool steels. The 
steel industry accounted for 67% of the 
total molybdenum consumed domestically 
in 1976, down from 72% in 1975. 

Aside from steels, consumption of molyb- 
denum increased in most of its other end- 
use applications. Compared with 1975, con- 
sumption of molybdenum in metal mill 
products increased 60% to 3.3 million 
pounds; in superalloys, 17% to 2.7 million 
pounds; and in chemical and ceramic uses, 
24% to 4.2 million pounds. Use of molybde- 
num in the production of cast irons in- 
creased marginally. 
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Table 3.—Consumption of molybdenum materials, by end use in 1976 


(Thousand pounds of 
End use 


Steel: 


oys 
oys (excludes steels and superalloys): 
Welding vidi hard-facing rods 


Includes calcium molybdate. 


contained molybdenum) 
lum. Oth 
Ferro- num id 
Molybdic and molyb- 
pa μη noy b- sodium denum Total 
enum molyb ^ materials? 
date 
1,512 299 dE 49 1,860 
4,915 1,256 = 168 6,339 
18,795 1,337 = = 107 239 
956 366 = 10 2.332. 
115 4 ΕΝ E 119* 
2,261 151 s 19 8,087 
781 3,358 τος. 142 4,281 
1,222 290 AN 1,219 2,131 
ἘΠ 348 δ... 68 411 
98 515 Se 90 763 
-- gu zt 8,285 8,285 
660 -- 599 7 1,266 
1,523 m" 320 κ 1,843 
85 84 959 1,105 
226 118 58 435 837 
84,149 8,135 1,011 6,553 50,448 
6,958 ; 183 1,235 9,877 


2Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, 


molybdenum metal, pellets, and other molybdenum materi 
Includes magnetic and nonferrous alloys. 


STOCKS 


Total industry stocks of molybdenum 
decreased significantly during 1976 re- 
flecting heightened worldwide demand. At 
yearend, stocks of molybdenum totaled 32.5 
million pounds, or about 20% less than at 
the close of 1975. Especially marked was the 
drop in stocks of molybdenum contained in 
products at conversion plants. During the 
year, inventories of molybdenum at conver- 
sion plants decreased from 22.9 million 
pounds to 13.2 million pounds, the lowest 


level in about 10 years. Stocks of molybde- 
num in concentrate at mines and plants 
also decreased, from 10.7 to 9.4 million 
pounds during the year. The trend in con- 
sumer inventories of molybdenum was in 
the opposite direction, rising from 6.8 to 9.9 
million pounds by the close of 1976. The 
increase in consumer inventories reflected 
the growth in demand for molybdenum 
during the year and, according to some 
accounts, a degree of hedge buying in antic- 
ipation of later price increases. 


PRICES 


During 1976, the quoted prices for mo- 
lybdenum concentrate and other molybde- 
num products were increased three times, 
on each occasion by 8% to 1096. The price of 
molybdenum per pound contained in con- 
centrate began the year at $2.62, and was 
raised to $2.90 in March, to $3.20 in August, 
and to $3.45 in December. The weighted 
average price for the year was $2.94 per 
pound of contained molybdenum. Higher 
operating expenses, the need to recover the 


cost of expanding productive capacity, and 
increasing demand were cited as factors in 
the price increases. At yearend, the pub- 
lished prices of products per pound of con- 
tained molybdenum were as follows: 


Climax concentrate $3.45 
Byproduct concentrate 3.25-3.45 

imax oxide / cane 3.82 
Dealer oxide 4.10-4.20 
K-1 oxide / cane 3.82 
K-2 oxide/cans ......... ....... .... 3.75 
Ferromolybdenum/Climax lum 4.43 
Ferromolybdenum/Climax pow = 4.49 
Ferromolybdenum/dealer export. EUN 4.60-4.75 
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FOREIGN TRADE 


Exports.—Exports of molybdenum in con- 
centrate and oxide totaled 62.5 million 
pounds, compared with 62.6 million pounds 
in 1975. However, because of the higher 
average prices during the year, the value of 
exports increased to $183.5 million, 1596 
higher than in 1975. Foreign shipments of 
concentrate and oxide represented 55% of 
domestic production during the year. As in 
1975, the Netherlands, Japan, West Ger- 
many, and Belgium-Luxembourg were the 
major countries of destination, receiving 
87% of the oxide and concentrate exported. 

Exports of ferromolybdenum amounted to 
3.6 million pounds, 60% greater than in 
1975. Japan, the Netherlands, and India 
received 4995 of the ferromolybdenum ex- 
ported. The total value of ferromolybdenum 
exported was $9.4 million, almost twice that 
of 1975. 

Other exports of molybdenum products 
and their value were metal and alloys in 
crude form and scrap, $390,000; wire, $3.7 
million; powder, $136,000; and semifabricat- 
ed forms, $1.6 million. The total value of 
these exports did not vary appreciably from 
that of 1975; however, their combined gross 
weight decreased 19% to 775,000 pounds. 

Imports.—Molybdenum materials im- 
ported during 1976 included concentrate, 
ferromolybdenum, metal products, and 
chemicals. Since the United States is self- 
sufficient in molybdenum materials, the 
quantity of these imports was only a minor 
component of domestic supply. Molybde- 
num concentrate, the major form of import- 
ed molybdenum and received only from 
Canada, continued at the relatively high 
level of 1975 compared with previous years. 
During 1976, the molybdenum contained in 
concentrate imports  totaled 2,092,623 
pounds with a value of $4.8 million. The 
average declared value of concentrate im- 


ports was $2.32 per pound of contained 
molybdenum, considerably below the aver- 
age domestic price of $2.94. | 

Other molybdenum materials imported 
included ferromolybdenum containing 7,178 
pounds of molybdenum valued at $27,644, 
also supplied exclusively by Canada. 
Wrought molybdenum metal with a gross 
weight of 63,500 pounds and valued at 
$705,274 was imported from seven coun- 
tries. Austria supplied 96% of the wrought 
metal, while Sweden, Austria, and West 
Germany supplied unwrought metal, con- 
taining 72,608 pounds of molybdenum and 
valued at $138,700. Waste and scrap con- 
taining 297,554 pounds of molybdenum val- 
ued at $1,183,037 were imported from sev- 
en countries. The Netherlands, West Ger- 
many, Austria, and Australia were the 
major suppliers. Imported material in 
which the chief value was molybdenum 
came from Canada and Japan and contain- 
ed 34,083 pounds of molybdenum valued at 
$70,570. | 

Imports of molybdenum orange totaled 
665,821 pounds (gross weight) valued at 
$599,273. Canada was the origin of 89% of 
the molybdenum orange. Unspecified com- 
pounds and mixtures in which the chief 
value was molybdenum were imported from 
eight countries and contained 27,858 pounds 
of molybdenum valued at $405,162. Italy, 
West Germany, and Canada were the major 
sources of these materials. 


Table 4.—Molybdenum reported by pro- 
ducers as shipments for export from the 
United States 


(Thousand pounds of contained molybdenum) 


Product 1915 1976 
Molybdenite concentrate 36,618 80,935 
Molybdic oxide 31,210 29,644 
All other primary products _ _ _ _ _ _ 1,874 2,152 
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Table 5.—U.S. exports of molybdenum ore and concentrates (including roasted 
concentrates), by country 


(Thousand pounds of contained molybdenum and thousand dollars) 


| 1975 | 1916 
Country — — ` —T, 
Quantity Value Quantity Value 
Argentina ß e Re LE. 45 95 165 615 
κι —————Á 888 PM 5 39 154 
ee JJ ³ðV³u§; 8 11,156 ri 6,871 21,210 
77% y SEPAN 1,157 2,717 373 856 
Fronc an a n ,265 396 1,169 
Germany: 
EB. λος ùõĩ§òqſ ydydd y . μη. Es 2 aa -έ Lu 69 
|I AR erc EM RI -— es v ee pe a ln 6,398 14,746 8,049 21,245 
Ιμπν o yd dd Aaa AE RM πα 167 462 1,465 
Jane ο ret eT ee s PSA P ASE T A TR a PP ET 109 294 110 
Ro DV MPO 0m’ e. 8 9,217 25,107 11,748 35,401 
Korea, P;; ³WAA cere e 4 
Too μμ απο μμ σωμα y αμ 1,492 2,042 881 076 
Netherlands —. —.— ² ͥ er ð riv RI E 26,131 67,645 27,981 85,102 
New N / ͥ⁰ ο ⁵⁵ 8 11 
ee, ο 15 41 1 2 
Sout Africa, Republic of S s s E E E s s s s s s S k ee 159 377 T5 198 
ο ο NON TOREM POA ü ² οκ ĩ τν ο ο κος: 95 152 102 196 
Sweden υλικών 8 1,852 4,421 2,148 7,173 
Switzerland 145 442 1,223 
United Kingdom nun! 2,520 6,264 1,096 2,102 
Venezuèla: ĩ Gr a tel ³⁰¹wͥ AAA 77 359 599 1,437 
Üͤùù ſ ͥ XS Soe se A nea 8 rg 120 8 
i d πμ i AL E m CL. 62,611 159,592 62,474 183,536 
TRevised. 


Table 6.—U.S. exports of molybdenum products 
(Thousand pounds, gross weight, and thousand dollars) 


1975 1976 
Product and country —— —u— 
Quantity Value Quantity Value 
Ferromolybdenum:1 
Argentina p 76 216 213 616 
ιν... η. = — J 482 
um-Luxembourg ........ - --------------------------------------.--.-. LM -- 

Füssen ecu ο το λε LE 9 5 14 36 
%%% ολ uut ee ⁰ t SS Ln A Lee Et 594 929 284 674 
Αν μι παπι E ͥ (yt ß σώος 16 33 17 41 
hn Meet 114 264 369 999 
italy en eu Luc CUL ος 88 214 481 
en. J)); ð . ( E 445 1,090 871 1,921 

ως κο δες ας ασε x 8 161 420 — 
Netherlands JJ! 8 52 122 519 1,438 
Peru p nu s s po sS ee OS. oie e E. 4 16 2E ΝΡ 
Philippines ο ³o Add Lec LEM TEE ο. ἘΠΕ T 16 
Sout Africa, Republic of -——----------------—-----—---——- 127 301 261 123 
ο πο ο κι SO ια ον 8 22 52 255 858 
ON oe ] ę e LL e E E 95 214 289 720 
iii!!! Y αμα a P Em 110 940 
1J7J7J%/%%%ͤõĩõĩÄ—êĩ—E. ⁰e jr ng ag Z uC LL E 11 23 7 16 
Dn ))) Ld E e ĩðͤ 8 24 17 
United Kingdom . _ _ L2 Ls Lc 222 c2 43 71 80 169 
/ ⁰⁰²ꝶm; E ML E EA Lut 5 
ö§;1: ? 1 . h mau ee 2,241 4,198 8,596 9,447 
Metal and alloys in crude form and scrap T , 
;öõ;öÄi IH me 8 s ae 2 
Germany, West __ - -— ee 56 187 116 144 

πι D I I LE EUM. 16 221 35 144 
Merio une L -N... 8 20 67 10 10 
South Africa, Republic of _——----------------------—-—- 48 88 TOM a 
ο Ring 11. 5 5 e 44 18 59 78 

ni ON onerum μμ κ A x8 
Φως 4 17 2 12 

οκ κοπο T ¾ 59m REC RENE 317 858 223 390 


See footnotes at end of table. 
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Table 6.—U.S. exports of molybdenum products —Continued 
(Thousand pounds, gross weight, and thousand dollars) 


Product and T 1975 1976 
uct and coun — 
Quantity Value Quantity Value 
Wire: 
Argentina —————— eines LU e eL Lu Ld 2 33 5 67 
JJJJJ)/;ͤĩͥÜym ⁵ -== 6 55 11 8⁴ 
FFF /b; (8 9 66 14 110 
% T 88 15 237 27 440 
Canada MAIER ns et pa E N EE IN E EE ial ae EA 51 508 58 502 
τιν αιμα ομώνυμο ο κας 19 202 34 333 
Germany, Weed «444 „„ 77 623 89 820 
CC E y y 8 (2) 4 2 17 
ο τε κε τος ³ m ος K a e Cium 7 44 TN NOR 
[ly NND 6 50 13 133 
J/öĩõĩ·¹ dd k E E 35 274 50 434 
/ôö%§;ũ x . EE e 6 143 9 175 
Netherlands 5 185 ε.α nS 
5 ----------------------------------- y A 3 W 
πο ου ο ος λα ee E EEA EAEE E EE 
Spain ce La E c Aa RE 12 83 14 119 
United Kingdom . oe ͤ0Ky Ä 12 213 10 125 
%%ö0ôöÜĩ§556i : Sen te λα ta Saa μον. 4 41 4 56 
Total. oo uoc ³§A¹ m πώ 210 2,863 843 8,672 
Powder: 
Australia uum D ee ⁵ĩðͤ 8 (3) 9 1 7 
BON. uoce su M ee ee ea E EY T 28 2 15 
Germany, d ⁵ ⅛ðxU]ns eee ee be dee Lr 14 51 4 16 
vere PECTORE 8 2 12 S ane 
JOON onu oe S 7ꝛ . ee eee e (3) 2 5 13 
//! —Á——Ó— M 2 9 6 37 
ον πιασει σος “ραπ uuu s κο» (2) ΜῈΝ ἀπο 
Sweden ο ee EL ĩͤ E 28 151 5 80 
Switzerland h/ nouo erem 88 (2) D κα 
erf e e S 14 (3) 2 
hh ð§-¹w :öł;ĩ ro 16 2 16 
f p LM I LM 60 296 25 136 
Semifabricated forms, n.e.c 
POG coo ee See ee ee ee ee 1 12 7 28 
Belgium-Luxembourg ----------------------------- (3) 8 (3) 11 
κο ινα μμ μισο μαμα μη 26 2 2» 
ο ο ον το y 19 198 6 75 
J ⁰KT˙¼ yd ο αμα. 18 150 10 178 
Germany, West ~- - ------------------------------ 28 208 29 420 
Hon aeu -Á T9 88 m τ. 
Indi 2:25 ou οσα ο t y E ME 9 36 MR ne 
])]!!! ³ðW0wm mt 88 3 61 2 27 
Japan μα πασοκ eas acs 5 65 18 329 
Korea, f ³ A A lZ ete T Sn 2 85 
/õĩ⁰⅛”ꝛ]] a m ⁰ð⁰ęꝶmq CE 67 158 2 2 
Netherlands U „ 6 134 4 92 
South Ace Republic ohh „„ „„ 28 234 5 48 
Mu ois E Lu c SS @) 37 2 8 
Taiwan που νμωμ μα καπ N E LS νυν (2) 1 76 8 
United Kingdoeonnmnun nn 42 374 14 179 
DIOE oo icc oot M Iu D ML M LS 5 50 7 103 
J7//TTCCͤ ERREUR usus 812 1,790 184 1,584 
TRevised. 


1Ferromolybdenum contains about 60% to 65% molybdenum. 
Less than 1/2 unit. 
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Table 7.—U.S. import duties 


Item Article 
601.33 Molybdenum ore 
603.40 Material in chief value molybdenum _______ 
607.40 Ferromolybdenum _________________ _ 
Molybdenum: 
628.70 Waste and scrap _________________ 
628.72 Unwrought ____________________ 
628.74 ôö§Ä˙ê 8 
Molyhdendum chemicals: 
417.28 Ammonium molybd ate 
418.26 Calcium molybd ate 
419.60 Molybdenum com n HCC 
420.22 Potassium molybd ate 
421.10 Sodium molybdate __ _ _ -...... ..-..... 
423.88 Mixtures of in ic compounds, 
chief value molybdenm -. -. 
418.18 Molybdenum orange .................... -.- -. 


Rate of duty, Jan. 1, 1977! 


12 cents per pound on molybdenum content. 
10 cents pe per pouna on molybdenum content 
pins R valorem. 


10.5% ad valorem.? 

10 cents per pound on molybdenum content 
plus 3% ad valorem. 

12.5% ad valorem. 


10 cents per 


ouno on molybdenum content 
plus dis orem. 


9 5955 


5% ad valorem. 


Not applicable to countries that have centrally controlled economies. 


Duty on waste and scrap temporarily suspended. 


WORLD REVIEW 


World production of molybdenum was 
estimated at 191.3 million pounds, or about 
14.6 million pounds higher than that of 
1975. On a worldwide basis, about half the 
molybdenum produced was as a byproduct, 
chiefly from copper mining operations. 
Among market economy countries, the 
United States, Canada, and Chile continued 
as the major producers of molybdenum. 
Although mine production of molybdenum 
in the U.S.S.R. must be estimated, it was 
the major producer among central economy 
countries. The People's Republic of China 
was probably a significant producer of mo- 
lybdenum also, but it has been omitted from 
the table of world production due to lack of 
data on which to base a reliable estimate of 
its mine output. 

Argentina.—If undertaken, development 
of the El Pachón copper-molybdenum de- 
posit would take at least 4 years with initial 
production in 1981. An estimated $750 mil- 
lion would be needed to finance the develop- 
ment, according to its owners, Cia. Minera 
Aguilar, S.A., a subeidiary of St. Joe Miner- 
als Corp. Exploratory work completed as of 
mid-1976 established about 860 million tons 
of ore, grading 0.59% copper and 0.016% 
molybdenum. Facilities for extracting mo- 
lybdenum would be included in the mining 
complex. 

Brazil—The Brazilian Government 
announced the discovery of a molybdenum 
deposit in the northern territory of Rorai- 
ma. The discovery was the first significant 
deposit of molybdenum found in Brazil. 


Although no estimate of the deposit's size 
was given, preliminary tests indicated a 
possible ore grade of 196 molybdenum or 
higher. 

Canada.—Craigmont Mines, Ltd., began 
an exploratory driling program on the 
Carmi molybdenum property located in 
southern British Columbia. Drilling com- 
menced soon after Craigmont optioned the 
property from Vestor Explorations, Ltd., 
in May. Previous drilling on the property 
had outlined two mineralized zones with a 
total reserve estimated at 40 million tons of 
ore grading 0.15% molybdenite. Both zones 
were undefined laterally and to depth. The 
drilling undertaken by Craigmont later in 
the year resulted in the finding of addition- 
al mineralized zones. Considerable further 
exploration was planned in order to define 
more fully the extent and grade of the 
deposits. 

Noranda Mines Ltd., announced that an 
additional $900,000 would be spent on dril- 
ling and other development work in order to 
evaluate the possibility of open pit mining 
at its Boss Mountain molybdenum mine 
near Hendrix Lake, British Columbia. Ac- 
cording to Noranda, the property appeared 
to have the potential to support a 20,000. 

ton-per-day milling operation of low-grade 
surface material. The company stated that 
a pilot plant stage of ore testing might be 
necessary to confirm metallurgical findings. 
Higher grade ore, which was being worked 
by underground methods, was reported to 
be sufficient to sustain current operations 
until the end of 1977. 
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The Noranda Exploration Co., Ltd., was 
given an option to explore the Ruby Creek 
molybdenum prospect in northern British 
Columbia by Adanac Mining and Explo- 
ration, Ltd. The property had been explored 
previously by Climax Molybdenum Corp. of 
British Columbia, Ltd. The Ruby Creek 
property is reported to contain about 104 
million tons of ore grading 0.1695 molybde- 
nite. 

Midas Resources, Ltd., obtained an option 
on 10 copper-molybdenum claims in Powell 
Township near Matachewan, Ontario. 
Mineralization was reported to be intermit- 
tently exposed over a distance of approxi- 
mately 500 feet in length. The company 
planned to conduct exploration and survey 
work on the claims. 

Chile.—It was announced that financing 
of a new molybdenum conversion plant 
would be provided by the Chilean Copper 
Workers Federation, the Inter-American 
Development Bank, and Chile's Central 
Bank. The plant will have facilities for 
converting molybdenum concentrate to mo- 
lybdic oxide and ferromolybdenum. After 
the plant becomes operational, exports of 
the higher priced oxide and  ferro- 
molybdenum will be increased, thus gener- 
ating additional foreign exchange revenue 
for Chile. 

Iran.—Development of the Sar Cheshmeh 
copper-molybdenum porphyry deposit in 
south-central Iran continued, but scheduled 
initial production has been delayed, possi- 
bly to late 1977. Reasons cited for the delay 
include late deliveries of necessary equip- 
ment, setbacks in worker training pro- 
grams, and a considerable increase in capi- 
tal cost of the project to over $1 billion from 
an original estimate of $430 million. The 
mining facility will include a molybdenum 
recovery plant and a smelter to produce 
blister copper at an initial rate of about 
160,000 tons per year. Expected output of 
molybdenum has not yet been reported. 
However, reserves are presently estimated 
to total about 470 million tons of ore with 
an average grade of 1.12% copper and 
0.03% molybdenum. 

Mexico.—Startup of milling and concen- 
trating operations at the La Caridad copper- 
molybdenum porphyry deposit was sched- 
uled for late 1977. The mine, located in the 
State of Sonora about 200 miles northeast of 
Hermosillo, is operated by Mexicana de 
Cobre S.A., a company owned by the Mexi- 
can Government and private Mexican in- 
terests. Work at the mine site during 1976 
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consisted of a preproduction stripping pro- 
gram, construction of crusher and concen- 
trator plants, and operation of a 100 ton- 
per-day pilot plant to test mill design cir- 
cuitry. Various methods of molybdenum re- 
covery were studied in the pilot plant. 
When operational, the concentrator will ini- 
tially treat about 80,000 tons of ore per day. 

Papua New Guinea.—A consortium was 
formed by Broken Hill Pty. Co. Ltd., of 
Australia with the Government of Papua 
New Guinea and mining interests from the 
United States and West Germany to under- 
take a feasibility study of the Ok Tedi 
copper deposit. Drilling completed by mid- 
1976 established an orebody of at least 275 
million tons with an average of 0.85% 
copper, 0.012% molybdenum, and some gold 
values. The study should take about 2 years, 
and if mine development is warranted, pro- 
duction may be possible by 1983. 

Molybdenum mineralization was report- 
ed by Triako Mines N.L. at the Yandera 
copper prospect. Exploratory drilling com- 
pleted in early 1976 outlined indicated re- 
serves of 124 million tons and inferred 
reserves of 214 million tons grading 0.42% 
copper and about 0.02% molybdenum, with 
gold and silver values. Additional mineral- 
ization was found but had not been ade- 
quately explored for reserve calculations. 
The company and its associates, Buka Min- 
erals N.L. and a Kennecott Copper Corp. 
unit, were evaluating exploration data in 
consideration of further exploratory work. 

Peru.—Production of concentrates began 
in July 1976 at the Cuajone copper- 
molybdenum mine operated by Southern 
Peru Copper Corp. (SPCC). Full production 
capacity of 170,000 tons of copper in concen- 
trate per year was nearly reached by year- 
end. The open pit mine site, concentrator, 
and auxiliary facilities required 6 years of 
development work at an approximate cost 
of $730 million. The Caujone project is a 
joint venture of SPCC, a consortium of U.S. 
mining companies, and Billiton N.V. a 
subsidiary of the Royal Dutch / Shell 
Group. Billiton’s equity is about 11.5% of 
the total investment. The mine is located at 
an elevation of about 12,000 feet within 15 
miles of SPCC’s previously operating Toque- 
pala open pit copper-molybdenum -mine. A 
rail line connects the two mines and runs to 
the southern coastal town of Ilo where the 
company’s newly enlarged smelter is locat- 
ed. The Cuajone orebody contains reserves 
of 470 million tons of ore with approximate- 
ly 1% copper and 0.08% molybdenum. 
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Table 8.—Molybdenum: World mine production by country 
(Thousand pounds contained molybdenum) 


Country! 


*Estimate. PPrelimi 


Japan ge θεος νο u Sut uh ο LI m lE 


" £n ꝰę Inh HE t Kali μι OMNE md — Aue dur dan" Me Ha em iir e ms 
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1974 1975 1976” 

DRM 95 95 25 
% OQ 30,736 28,719 31,780 
%%% 21,466 20,042 028 
8 235 309 6330 
F 166 166 264 
τσ... 95 37 35 
RF 71,494 1,435 992 
FF ) μα ES 
it 19,400 20,000 20,600 
% απο κα 112011 105980 113233 
ο... 7185,568 176,718 191.287 


liminary. Revised. 
1In addition to the countries listed, Bulgaria, North Korea, Nigeria, the People's Republic of China, and Romania are 


believed to produce molybdenum, but information is inadequate to make reliabl 


31 ess than 1/2 unit. 


e estimates of output levels. 


TECHNOLOGY 


During 1976, research programs in gener- 
al were directed towards improved meth- 
ods of molybdenum recovery at ore con- 
centrating facilities and new end-use ap- 
plications for molybdenum materials. 

Bureau of Mines investigators described 
an electrooxidation process to recovery mo- 
lybdenum and rhenium from offgrade 
concentrates. The process consisted of dis- 
solution of metal values by electrooxidation, 
liquid-solid separation by thickening, acidi- 
fication and chlorate ion removal by sulfur 
dioxide treatment, solvent extraction to 
concentrate the molybdenum and rhenium, 
separation of the two metals by carbon 
adsorption, and metal recovery by crystalli- 
zation. An offgrade molybdenite concen- 
trate containing about 36% molybdenum 
and 1,330 parts per million (ppm) of rhe- 
nium was used to test the process. Ex- 
traction of about 99% of both metals was 
obtained by electrooxidation with an energy 
consumption of 13.7 kilowatt-hours per 
pound of molybdenum extracted. After sep- 
aration of the two metals using a carbon 
adsorption column, the final recovery of 
molybdenum and rhenium was 96% to 98%. 

Pilot-scale demonstration of the electro- 
oxidation process was successfully com- 
pleted during the year at the Nevada Mines 
Division of Kennecott Copper Corp. near 
McGill, Nev. Extraction of 94% to 98% 
of molybdenum and rhenium was routinely 
achieved from offgrade concentrates pro- 
duced by the concentrator at the mine site. 

A steam injection method for flotation 
separation of molybdenum from copper sul- 
fide concentrate developed by the Bureau of 
Mines was tested at the Mineral Park 


property in Arizona owned by the Duval 
Corp. Steam injection prior to and ‘during 
flotation resulted in a higher grade of mo- 
lybdenum in rougher concentrate and 
greater copper rejection. 

Bureau of Mines researchers were also 
engaged in a project to decrease the mo- 
lybdenum content of waste waters from ore- 
processing operations at the Questa mine 
owned by Molycorp Inc. An ion exchange 
technique which reduced the molybdenum 
concentration in waste water from 4 ppm to 
0.3 ppm was developed. A technique which 
involved coprecipitation of molybdenum 
with ferric hydroxide was also evaluated. 

The results of numerous metallurgical 
studies of molybdenum-containing steels 
and alloys were published during the year. 
A standard constructional steel (SAE 4135), 
modified by increasing the molybdenum 
content and adding columbium, was tested 
for the effects of various production var- 
iables on its mechanical properties and 
sulfide stress cracking (SSC) resistance. 
Steels with high strength and high SSC 
resistance, such as this modified SAE 4135, 
are requirod for casing, tubing, and tool 
joints used in the drilling of and production 
from deep oil and gas wells where hydrogen 
sulfide or “sour gas" is encountered. Among 
the conclusions reached by the cited study 
were that the SSC resistance of the modi- 


28cheiner, B. J. R. E. Lindstrom, and D. L. Pool. 
Extraction and Recovery of Molybdenum and Rhenium 
From Molybdenite Concentrates by Electrooxidation: Pro- 
cess Demonstration. BuMines RI 8145, 1976, 12 pp. 

5 P. J., D. L. Sponseller, and D. E. Diesburg. one 

ects of Variables on Mechanical Pro 

and 1 Sulfide Stress king Resistance of SAE 413 Steel 
Modified With 0.75 Percent Mo and 0.035 Percent Cb. J. 
Eng. for Ind., v. 98, No. 2, May 1976, pp. 708-716. 
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fied steel was clearly greater than that of 
unmodified SAE 4130 steel and that this 
advantage in SSC resistance increased with 
greater hardness and yield strength of the 
steel. 

A group of highly alloyed, austenitic 
stainless materials were examined for their 
applicability in the high-pressure, high- 
temperature, and corrosive environments 
encountered in deep gas wells.* The study 
identified certain of these materials which 
performed well on tests for sulfide stress 
cracking, chloride stress corrosion cracking, 
pitting, crevice corrosion, and general 
weight-loss corrosion performance in the 
absence of a corrosion inhibitor. The inert 
alloys that exhibited high resistance in all 
of the tests contained 7% to 15% molybde- 
num in addition to 55% to 70% nickel plus 
cobalt and 15% to 20% chromium. 

The corrosion-resistant properties and ap- 
plications of ferritic stainless steels, several 
of which contain molybdenum as a vital 
alloying element, were reviewed.“ Several of 
the newer ferritic stainless steels, contain- 
ing 1% to 4% molybdenum, combine re- 
sistance to chloride stress corrosion crack- 
ing with better weldability than established 
ferritic grades. The production of these 
steels has become possible with the develop- 
ment of new production processes such as 


argon-oxygen decarburization (AOD), 
electron-beam melting, and vacuum in- 
duction melting. 


The use of soluble molybdates as corro- 
sion inhibitors in cooling water systems was 
described.* When used at low concentration 
levels with other soluble corrosion inhibi- 
tors, molybdate-containing formulations 
were shown to be effective in both low- and 
high-hardness water systems and to be cost 
competitive with established water treat- 
ments. The very low toxicity of soluble 
molybdates makes their usage desirable 
from an environmental standpoint. 

The addition of soluble molybdate was 
also found to retard corrosion of SAE 1010 
steel in aerated solutions containing chlo- 
ride and sulfate. Electrochemical tests 
were also performed in order to study the 
behavior and mechanism of the molybdate 
ion as a corrosion inhibitor. 

Other areas that experienced consider- 
able technological interest during the year 
included the use of purified molybdenum 
disulfide as an additive in oils and greases, 
the application of molybdenum compounds 
as flame retardants and smoke suppres- 
sants, the development of molybdenum 
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monocarbide as a potential substitute for 
tungsten carbide in cutting tools and high- 
speed steels, and the recycling of molybde- 
num catalysts used in petroleum refining. 
U.S. patents granted during 1976 that 
dealt with the processing of molybdenum 
materials included ones for purification of 
technical-grade molybdenum oxide by mix- 
ing with sulfuric acid, roasting, and leach- 
ing with ammonium hydroxide; for the 
extraction of molybdenum values from an 
ore leach solution with an organic solvent;® 
for the separation of tungsten and molybde- 
num from an alkaline leach solution; for 
the production of molybdenum trioxide by 
roasting molybdenite concentrate in a recir- 
culating fluidized bed reactor; for the pur- 
ification of molybdenum oxide by reroasting 
and formation of soluble molybdates;'? for 
the production of molybdenum metal by 
direct dissociation of molybdenite;'* for the 
carbonyl extraction of molybdenum and 
other metal values from low-grade ore, fil- 
ter cake, or mine tailings;'* for the recovery 
of molybdenum from a leach solution con- 
taining tungsten by oxidation of molybdic 
acid ions and the precipitation as molybde- 
num sulfide; for the purification of mo- 
lybdenite concentrate by treatment with 
hydrofluoric and sulfuric acids; for the 
extraction of molybdenum from  mo- 


“Watkins, M., and J. B. Greer. Corrosion T o 
Highly Alloyed 'Materials for Deep, Sour Gas Wall 


ronments. J. Petrol. Technol., June 1976, pp. 698-704. 
5Lula, R. A. Ferritic Stainless Steels - Corrosion Resist- 
aon ‘Economy. Metal Prog., v. 110, No. 2, July 1976, pp. 


*Robitaille, D. R., and J. G. Bilek. ος te Cooli 
. Chem. Eng., v. 83, No. 21, Dec. 20, 1976, 
pP 

"Lizlovs, E. A. Molybdates as Corrosion Inhibitors in the 
Presence of Chlorides. Corrosion, v. 32, No. 7, July 1976, 


pp. 263-266. 

J ed to AMAX 
Inc.). Purification ο... Grade Mol bdentm Oxide. 
US. Pat. 3,982,580, Jan. 13, 1976. 

*Baucom, E. I. arp to E. I. du Pont de Nemours & 
Co.). Extraction of Molybdenum Values. U.S. Pat. 
3,933,971, τν ας 20, 1976. 

10Belli A. L (assigned. τν dose uipment 
Ltd.). ας of 
y cceli ar S. Par 8.939 5, Feb. 11, 1976. 
„I. A., A. P. Watkinson, and J. K. Brima- 
mie G (assign to Canadian Patents and Development 
Ltd) Production of Mol um Tri Sina uidized 
Bed Reactor. U.S. Pat. 3, 1,867, A Mar. 2, 197 

13Ronzio, R. A., R. C. Zi ; 
Rickard (assigned to AMAX c.). Purification of Molybde- 
num Oxide Concentrate. E Pat. 3,957,946, May 18, 1976. 

13Buker, D. O. (assigned to AMAX Inc... Production of 
Molybdenum Metal. LUS. ph t 8,966,459, June 29, 1976. 

e L ed in part to J. P. M rs). 
wo Molybdenum. US. Pat. 3,966,886, June 


15Qnozaki, S., S. Nemoto, and T. ο πο impe 
Nittetsu Mini Co., Ltd.. Recov of Tungsten an 
Val an Alkaline Solution. U.S. Pad 


Molybdenum Values From 
uc e K. A. ré d R. C. Ziegler (assigned 
Brown, an 
to AMAX Inc.). Purification of Molybdenite Concentrate. 


US Pat. 3,991,156, Nov. 9, 1976. 
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lybdenite concentrate by reaction under 
pressure with nitric acid to form molybdic 
acid: for the direct production of molybde- 
num or other metal powders from oxides or 
roasted sulfide ores by processing in an arc 
heated plasma gas;* and for an induced 
polarization method to locate and indentify 
underground disseminated deposits of sul- 
fide ores of molybdenum and other 
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metals.!? 


17Mollerstedt, B. O. P., and K. E. Backius (assigned to 


M d A. B.). Hydrometallurgical Extraction of Mo- 
ia lani 


ol 
1775 num From Molybdenite. U.S. Pat. 4,000,244, Dec. 28, 


15 Fey, M. G., and E. A. Dancy (assigned to Westinghouse 
Electric Corp.). Direct Production of Molybdenum, Tung- 
sten, Columbium, or Tantalum Powder in an Arc Heated 
Plasma Gas. U.S. Pat. 3,989,511, Nov. 2, 1976. 

1*Zonge, K. L. Induced Polarization Method for Locating 
and Identifying Major Features of Underground Dissemi- 
nated Deposits. U.S. Pat. 3,967,190, June 29, 1976. 
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Natural Gas 


By Gordon W. Koelling! and Leonard L. Fanelli? 


Marketed production of natural gas in 
the United States declined 0.8% to 20.0 
trillion cubic feet (Tcf) in 1976.* Although 
this was the third consecutive annual 
decrease in production, the rate of decline 
was considerably less than that registered 
during the 2 previous years. 

Total consumption of natural gas (includ- 
ing extraction loss) increased 1.9% to 20.8 
Tcf during 1976 in conjunction with the 


persistence of considerably lower than nor- 
mal temperatures in most of the country 
east of the Rocky Mountains from October 
through yearend. Residential and commer- 
cial use of natural gas increased 2.6% and 
5.096, respectively, and consumption by the 
industrial sector, the largest user, declined 
slightly. The electric utilities sector regis- 
tered a 2.296 decline. 


Table 1.—Salient statistics of natural gas in the United States 


1972 1978 1974 1975 1976 
Supply: 
Marketed production! million cubic feet. 22,531,698 22,647,549 21,600,522 20, 108, 661 19,952, 
Withdrawn from storage do_ _ _ _ 1,757,218 1,532,820 1,700,546 1,759,565 1,921,017 
Importe oe oe one do. ... 1,019,496 1,082,901 959,284 953,008 963,768 
sf 8 do- 25,308,412 25,213,270 24.280, 352 22,821,234 22,831,223 
tion: 
nsumption _____________- do... 23,009,445 22,965,914 22, 110, 623 20, 409, 875 20, 800, 582 
DONG. ος ο ee do- 78,013 11,169 16,189 12,615 64,111 
Stored ος κ eS do... 1,892,952 1,974,324 1,784,209 2,103,619 1,755,690 
Adjustment“ ss do- 328,002 195,863 288,731 235,065 216,240 
Total ix τὰ τς ee do... 25,308,412 25, 213,270 24, 260,352 22,821,234 22,831,223 
Value at wellhead: 
otal ————— ccs thousand dollars. _ 4,180,462 4,894,072 6,573,402 8,945,062 11,571,776 
Average cents per thousand cubic feet 18.6 21.6 30.4 44.5 58.0 


Marked production of natural gas represents gross withdrawals less gas used for repressuring and quantities vented 


and 
SIncludes transmission losses, changes in aboveground storage and gas unaccounted for. 


. NOTE.—Domestic production as used in the Bureau publication "Minerals and Materials/ ra pus quis survey” represents 
marketed production leas the shrinkage (extraction loss) resulting from the extraction of natural gas 


Proved reserves of natural gas declined 
6.390 from 228.2 Tcf at yearend 1975 to 216.0 
Tcf by yearend 1976 as annual discoveries 
failed to equal production for the eighth 
time in the last 9 years. Extensions to 
known fields during 1976 totaled 5.3 Tcf, 
and new reservoir discoveries in old fields 
and new field discoveries accounted for 3.4 
Tcf. Revisions of previous reserve estimates 
and changes in underground storage result- 
ed in a net reduction of 1.4 Tcf. 


The average wellhead value of natural 
gas increased 30.3% to 58.0 cents per thou- 
sand cubic feet (Mcf) in 1976. During the 
same year the average retail price for gas 
delivered to consumers rose 22.8% to 146.5 
cents per Mcf. 


" ! Mineral Specialist, Division of Petroleum and Natural 
as. 

Survey Statistician, Division of Fuels Data. 

All gas volumes in this chapter are on a pressure base 
of 14.73 psia at 60° F 
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Exports of 65 billion cubic feet (Bcf) in 
1976 were 11.0% less than in 1975. Almost 
17.0% of total 1976 exports was shipped 
from Alaska to Japan as liquefied natural 
gas (LNG). The remaining exports, which 
were transported by pipeline, were almost 
equally divided between Canada and Mexi- 
co. 

Natural gas imports increased 1.1% to 
964 Bcf in 1976. Almost all of this gas was 
shipped from Canada via pipeline. LNG 
shipments from Algeria totaled approxi- 
mately 10 Bcf and for the second consecu- 
tive year, no imports were received from 
Mexico. | 

Efforts to supplement natural gas sup- 
plies through the manufacture of synthetic 
natural gas (SNG) from liquid fuels for 
peakshaving purposes continued. Twelve 
SNG plants were operational and one was 
under construction as of yearend 1976. 

Seven pilot projects for the development 
and testing of processes for the production 
of high-Btu gas from coal were operational 
at yearend 1976. An additional four projects 
involving the production of low-Btu gas 
from coal were also operational or under 
construction, and both government and in- 
dustry were engaged in research involving 
the output of low-Btu gas from in situ coal 
gasification. The Bureau of Mines contin- 
ued its experiment in gathering methane 
from a West Virginia coal deposit, and in 
November 1976 entered into a cooperative 
agreement for testing the use of hydraulic 
fracturing to stimulate methane recovery 
from a Pennsylvania coalbed prior to 
mining. During 1976, several gasification 
projects involving biomass conversion were 
also under development. 

Research programs involving fracturing 
techniques to stimulate flow from econom- 
ically submarginal gas reservoirs were con- 
tinued during 1976. Most of this activity 
was in Colorado, Wyoming, Utah, and 
Texas, but several projects involved efforts 
to fracture reservoirs in the Upper Devon- 
ian Shales of the eastern United States. 
During 1976, a Government-industry con- 
tract was signed for the investigation of 
methane-saturated gulf coast salt water 
aquifers. 

The Federal Power Commission (FPC) 
regulates the sale, transportation, and price 
of gas moved in interstate commerce. Dur- 
ing 1976, the FPC increased the uniform 
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national base rate from its previous level of 
$0.52 per Mcf to $1.42 per Mcf for sales of 
natural gas from wells commenced on or 
after January 1, 1975, with an automatic 
quarterly escalation of $0.01 per Mcf begin- 
ning October 1, 1976. A ceiling for natural 
gas from wells commenced during 1973 and 
1974 was set at $0.93 per Mcf, with a $0.01 
per annum escalator. Natural gas from 
wells commenced prior to January 1, 1973, 
was to be allowed to rise from the previous 
level of $0.29 per Mcf to $0.52 per Mcf when 
contracts expire by their own terms. 

Leasing of public lands for the explora- 
tion and development of natural gas (and 
crude oil) resources continued under the 
authority of various public land acts. In 
1976, the Federal Government leased a total 
of 1.3 million acres in the Gulf of Mexico, 
Gulf of Alaska, and Mid-Atlantic Outer 
Continental Shelf areas for bonus bids 
aggregating $2.3 billion. 

The Office of Pipeline Safety (OPS), which 
is responsible for safety regulation of natu- 
ral gas pipelines, reported that the total 
number of pipeline failures in 1976, and the 
fatalities resulting from these failures, were 
the highest since it began reporting these 
data pursuant to the Natural Gas Pipeline 
Safety Act of 1968. Pipeline failures during 
1976 were 15% higher than in 1975, and 
fatalities resulting from these failures 
jumped from 14 to 63. Damage by outside 
forces was the cause of 55.6% of total 
failures in 1976 (table 2). 

Federal gas pipeline safety standards, 
contained in 49 CFR Part 192 of Title 49 of 
the Code of Federal Regulations, were 
amended during 1976 to update existing 
referenced documents, provide protection 
for buried cast iron pipelines, clarify re- 
quirements for operator emergency plants, 
establish new performance standards for 
joint sealing methods for cast iron pipe, 
provide more appropriate bending require- 
ments for steel pipe, and delineate the 
safety regulations for offshore gas pipelines. 
Notices of proposed rulemakings were 
issued with respect to modified corrosion 
control requirements for small isolated 
metal fillings in plastic pipelines, modified 
bending requirements, and occupational 
safety and health requirements for pipeline 
personnel. 
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DOMESTIC PRODUCTION 


Gross withdrawals of natural gas; includ- 
ing marketed production, gas returned to 
the formation for pressure maintenance, 
and that vented or flared; totaled 20.9 Tcf in 
1976, only 0.8% less than in 1975. Marketed 
production, which totaled 20.0 Tcf in 1976, 
was also only 0.8% less than during 1975. 
Gas used for repressuring and quantities 
vented and flared in 1976 totaled 0.9 Tcf and 
0.1 Tcf, respectively, approximately the 
same as in 1975. Data on gross withdrawals 
and disposition of natural gas appear in 
table 8. 

Gross withdrawals from gas wells declin- 


State 


Gas well completions (table 4) increased 
19.9% to 9,085 in 1976. Approximately 
37.6% of the total net increase was account- 
ed for by Ohio, where most of the wells 
completed were shallow and self-help drill- 
ing (drilling by gas consumers on their own 
property) was also an important factor. 
Another 29.4% of the total net growth was 
registered in Louisiana, were the bulk of 
the increase in completions resulted from 
in-fill drilling on closer spacing in the 
northern part of the State in response to 
rising intrastate gas prices. In Texas, which 
accounted for 20.0% of the total increase, 
continuing development of the Laredo field 
and exploratory and development drilling 
in the Ozana-Sonora area in the southwest 


ed 1.1% in 1976 to 17.2 Το and gas with- 
drawals from oil wells increased 0.8% to 3.8 
Tcf. Increased gross withdrawals were reg- 
istered by 20 of the 31 producing States, but 
the quantities involved in most cases were 
small. The largest gain, 121 Bcf, was in 
Oklahoma. Gross production in Texas, the 
largest producing State, declined 4.096. 

Most of the total marketed natural gas 
production was from Texas and Louisiana. 
Marketed production data for leading pro- 
ducing States are shown in the following 
tabulation: 


Percent of 
Marketed 

: total U.S. 

producion from 1975 marketed 

(percent) production 

in 1976 

. 7,192 -3.9 36.0 
„ 007 —1.2 35.1 
C 1.727 ＋7.6 8.7 
5 1.231 +1.2 6.2 
3 829 -1.8 4.2 
FCC 354 +11.3 1.8 
53 329 {4.1 1.6 
3 1.283 +4.1 6.4 
S ELA ce hats 19,952 -0.8 100.0 


part of the State were partially responsible 
for increased activity. 

Completions of exploratory wells (table 5) 
in 1976 increased 19.7% to 1,402. Texas 
accounted for 49.4% of these completions. 

Data in gas well completions include 
condensate wells. The latter are wells that 
produce from high-pressure natural gas 
reservoirs, some of which contain consider- 
able quantities of liquid hydrocarbons in 
the pentanes and heavier range described 
generically as “condensate.” 

The number of gas condensate wells pro- 
ducing at yearend 1976 totaled 137,443 
(table 6). This was an increase of°4.0% over 
the 1975 yearend total and 13.4% more than 
the number of wells preducing at yearend 
1972. 


CONSUMPTION AND USES 


Consumption (wet) of natural gas in 1976 
totaled 20.8 Tcf, 1.9% higher than in 1975 
(table 7). Gas delivered to consumers in- 
creased 1.2% to 17.8 Tcf during 1976 when 
it accounted for 85.4% of total consumption. 
Of the remainder, 7.9% was used as lease 
and plant fuel, 2.6% was used for pipeline 


fuel, and 4.1% was accounted for by ex- 
traction losses (shrinkage) at gas-processing 
plants. 

Residential use increased 2.6% in 1976 to 
5,051 Bcf when it accounted for 28.4% of the 
total deliveries to consumers (table 8). In- 
creases in residential use occurred in all 
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census regions except the Pacific and West 
North Central. 

The total number of residential consum- 
ers declined slightly during 1976. Data on 
the number of residential customers by 
census regions for the years 1966, 1975, and 
1976 are as follows: 


tial consumers 
Census regions (thousands) 
1966 1975 1976 
New lane 1,532 1,626 1,556 
Middle Atlantic 7,490 7,594 7,512 
North Central. 8,181 9,498 9,458 
West North Central ,001 3,587 3,415 
South Atlantic 3,005 8,597 3,4 
East South Central. 1,619 1,967 1,798 
West South Central 4,081 4,698 4, 
Mountain 1,580 2,221 2,184 
Pacific ___________ 5,535 6,721 6,904 
Total!!! 36,084 41,516 41,238 


The use of gas by the commercial sector 
increased 5.0% to 2,883 Bcf in 1976 despite a 
1.6% decline in the number of customers. 
This sector accounted for 13.4% of total 
deliveries to consumers. 

The industrial sector remained the 
largest user of natural gas, accounting for 
39.2% of 1976 deliveries to consumers. Total 
consumption by this sector declined only 
slightly to 6,967 Bcf during the year. Most of 
the gas used by industry was consumed as 
fuel with petroleum refineries, which used 
19 Bef, comprising the largest fuel-con- 
suming industrial sector. Other important 
industrial users of gas for fuel included the 
primary metal, nonmetalic, paper, and food 
products sectors. 

The principal non-fuel use of gas involved 
the petrochemicals industry. This sector’s 
use of gas as a feedstock in 1976 accounted 
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Manufacturers of acetylene, carbon black, 
and hydrogen were also significant con- 
sumers of natural gas for raw material use, 
collectively accounting for an additional 
75 Bef. Producers of hydrogen cyanide, car- 
bon disulfide, chloroform, methyl chloride, 
methylene chloride, and carbon tetrachlo- 
ride accounted for most of the remain- 
ing consumption of gas as a raw material. 

Use of gas by electric utilities continued 
to decline in 1976 when consumption by this 
sector dropped 2.2% to 3,078 Bcf. Decreases 
occurred in all regions except New England, 
West South Central, and Pacific, which reg- 
istered relatively small volume gains. 

The continued shortage of natural gas 
supplies during 1976 forced many gas- 
distribution companies to deny service to 
new customers and to curtail supplies to 
some existing users (tables 10-14). FPC re- 
ported that net curtailments of firm deliv- 
ery commitments of the major interstate 
pipeline companies for the year April 1976 
through March 1977 totaled 3,380 Bcf, a 
deficiency of 23.0%. Net interruptible cur- 
tailments for the same period were reported 
at 475 Bcf, a deficiency of 70.9%. Firm 
curtailments for the year ending March 
1977 were 20.7% higher than those for the 
preceding period and interruptible curtail- 
ments rose 43.9%. 

The mileage of field and gathering, trans- 
mission, and distribution pipelines in serv- 
ice at the end of 1976 was up only 0.8% from 
that of the previous year. Data on the 
Nation's natural gas pipeline network are 
as follows, in thousands of miles: 


for 8.7% of total industrial use and 3.4% of . 
all U.S. natural gas consumption. Of the 607 Field and 
Bcf of natural gas used by the petrochemi- Transen — 2054 2622 2826 2582 
cals industry as a raw material in 1976, Distribution _ _ _ _ _ 469.8 645.6 6482 659.1 
nearly 495 Bcf went into production of 
ammonia. The second largest use, nearly Tb. Ὃ''" ------- P 
Bef, was used for production of methanol. "Revised. 

RESERVES 


Discoveries of natural gas failed to equal 
production during 8 of the last 9 years, and 
proved reserves declined 26% during the 
period. In 1975, the quantity of gas discover- 
ed was considerably less than that produced 
and proved reserves dropped 5.3% from 
228.2 Tcf at yearend 1975 to 216.0 Tcf by 
yearend 1976 according to the Committee 
on Natural Gas Reserves of the American 
Gas Association (AGA). 


Net additions, before production, to 
proved reserves reported in 1976 aggregated 
almost 7.4 Tcf, approximately 3196 less than 
in 1975. Almost 53% of net additions to 
reserves in 1976 were offshore in the Gulf of 
Mexico. Extensions to known fields ac- 
counted for the largest addition to reserves, 
5.3 Tcf, approximately 52% of which were 
in Texas and Louisiana (including offshore). 
About 5995 of the 2.0 Tcf total for new 
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reservoir discoveries in old fields were in 
Louisiana. New field discoveries totaled 
approximately 1.4 Tcf, over 6896 of which 
was accounted for by Texas and Louisiana. 
. On the negative side, revisions of previous 
reserve estimates resulted in a net re- 
duction of 1.2 Tcf, and there was a net 
reduction in underground storage of about 
0.2 Tcf. Details on proved reserves of natu- 
ral gas in the United States are shown in 
table 16. 

There were some net increases during 
1976 in the reserves of natural gas in 11 
States. However, significant increases 
occurred only in Montana and New Mexico 
where reserves rose 0.18 Tcf and 0.16 Tcf, 
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respectively. Reserves in Texas dropped 6.4 
Tcf, or 9.0%, and those in Louisiana declin- 
ed 3.8 Tcf, or 6.2%. 

Natural gas reserves committed to inter- 
state pipelines declined during 1976 for the 
ninth consecutive year. 

Dedicated domestic reserves dropped 8% 
in 1976, and domestic gas produced and 
purchased by interstate pipelines declined 
approximately 5% from the 1975 total of 
12.0 Tcf to 11.4 Tcf in 1976. The reserve- 
production ratio for interstate reserves 
dropped from 8.9 at yearend 1975 to 8.6 by 
yearend 1976. Additional data are shown in 
the following tabulations: 


Preliminary summary of domestic natural gas reserves, 
interstate gas pipeline companies 
(Billion cubic feet at 14.73 psia and 60° F) 


ον dant ο ο 1975 ....- 


106,816 


Gon sim nar Doce ber gi. 31, 1975 and changes during 1976444446. 109 590 
reserves as o m and changes during 1976 „„ „ „„ ; 
Gas ucsdduring PiEiiii ę]⅛ . 11.361 
Total dedicated gas reserves as of December 31, 197ꝶ ))) 44% 269 
"Revised. 
Yearend domestic reserves, production and purchases of 
interstate natural gas pipeline companies 
(Billion cubic feet at 14.73 psia and 60° F) 
Major Minor 
supply supply Total 
companies companies 
Number of companies ..................-.-.-.-.--------------.-.-.---------.-.-.-----΄-.-- 26 32 58 
Gas reserves at yearend 
Company G S εσας uuu LEM EE i 10,247 558 10,805 
Independent producer contracts |. ------------------------- 86,111 1.353 81,464 
JõöõWB% 96,358 1.911 98,269 
Percent of total ——— n e um reels muet 98.1 1.9 ΕΞ 
Annual production and purchases: 
Company-οπ.DEỹd]ddũllů]]! ll „„ 616 52 668 
Independent producer contracts |... JV 10,495 198 10,698 
πια μαι κ Re α μεν ¾ é ĩͤ pa sau =e 11,111 11,361 
Percent of total ....................-.-------΄--------------------.-----------.-.-- 97.8 2.2 NM 
STORAGE 
The practice of storing natural gas, pri- total quantity of natural gas stored in 


marily near market areas, dates back to 
1916. The purpose of this storage program is 
to help meet peak demand during the win- 
ter months when the capacities of long- 
distance transmission systems are inade- 
quate and, hence, total demand cannot be 
met directly from producing areas. The 


underground reservoirs in the U.S. has 
expanded steadily since 1960, except during 
1972 when inventories at yearend matched 
those of the preceding year, and in 1976 
when colder than normal weather in the 
eastern two-thirds of the country resulted 
in a net drawdown of about 161 Bcf. 
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Figure 2.—Trends in annual additions to natural gas reserves. 
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Figure 3.—Trends in total natural gas deliveries to consumers, and quantities of injected 
gas in underground storage (yearend). 


In addition to supplies of natural gas in markets or import terminals. 
underground storage, smaller quantities are The following tabulation summarizes 
stored aboveground in liquefied form near LNG storage data: 


Number 
Capacity 
Facility Status (Beh) KA 
C/ mp; 8 mide ag dca reed ai ra DER EAE 53.7 54 
Ko IN lc NC BEES Oe nder construction 5.2 6 
CPP CCT 6.3 22 
GSP CIRCE SUBE DM COE ee nder construction 1.5 1 
Small satellite e rational ------------------ 102 31 
port-receiving terminals d „S š 
a n „„ η x Under construction ~- ------------ E "d 
F nder construction |... 16.9 10 


In general, peakshaving facilities have bilities while satellite facilities have onl 
both liquefaction and regasification capa-  regasification equipment. | 
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VALUE AND PRICE 


Total wellhead value of marketed natural 
gas production increased 29.4% to $11,572 
million in 1976, despite a 0.8% decline in 
production volume (table 19). This occurred 
as a result of a 30.3% increase in average 
wellhead value to 58 cents per Mcf. Texas 
and Louisiana accounted for 48.7% and 
8.5%, respectively, of the $2,627 million 
increase in total value during 1976. 

Wholesale prices.—Average wholesale 
prices for natural gas in the 14 large metro- 
politan areas for which FPC collects such 
data rose significantly between July 1, 1975 
and July 1, 1976. Increases for individual 
metropolitan areas ranged from 7.5% to 
52.2%, and the median price rise was 
19.000. Excluding the Los Angeles area 
average price of 82.09 cents per Mcf, which 
was actually the price at the California 
State line, the lowest wholesale price re- 
ported as of July 1, 1976 was 89.69 cents per 
Mcf in the Chicago area. The highest aver- 
age price reported was 185.31 cents per Mcf 
in the Boston area. 

A ‘-year historical series of average 
wholesale natural gas prices in the 14 large 
metropolitan areas is shown in table 20. The 
wholesale prices for gas in those cities listed 
are based on the effective FPC gas tariffs. In 
cities served by more than one pipeline, 
prices are based on weighted average 
charges. Prices reflect deliveries at the city 


gate except for Los Angeles and San Fran- 
cisco where distributors purchase gas at the 
California-Oregon and California-Arizona 
State lines. | 

Retail prices.—The average retail price 
for natural gas delivered to all classes of 
consumers increased 22.8% above 1975 
levels to 146.5 cents per Mcf in 1976. The 
largest average increase was in the indus- 
trial sector where retail prices increased 
28.6% to an average 124.0 cents per Μο, 
Residential users paid an average 197.8 
cents per Mcf in 1976 and the average price 
to commercial consumers was 169.8 cents 
per Mcf. Retail costs to electric utilities 
averaged 98 cents per Mcf. 

Monthly data, collected by the Bureau of 
Labor Statistics on the average price of 
residential heating gas in 20 standard 
metropolitan areas, indicate an average 
increase of 19.4% in such costs between 
January 1976 and January 1977. Increases 
for individual areas ranged from 5.3% in 
Philadelphia to 43.9% in Cincinatti. The 
largest price increases occurred where 
prices have generally been lower, thus the 
disparity in prices between the 20 selected 
metropolitan areas narrowed significantly 
in 1976. A historical summary of average 
residential heating gas prices in 20 stand- 
ard metropolitan statistical areas appears 
in table 21. 


FOREIGN TRADE 


Exports of natural gas totaled 64.7 Bcf in 
1976, a decline of 11.0% from 1975. Of the 
total 1976 volume, 76.9% was shipped from 
Port Nikiski, Alaska to Japan as LNG. 
Exports via pipeline to Canada and Mexico 
were almost equally divided with Canada 
receiving 50.3% of the total deliveries. 

The LNG exported to Japan in 1976 
totaled 49.8 Bcf valued at $83 million com- 
pared with 53.0 Bcf valued at $73 million in 
1975. Since no receiving terminals exist on 
the U.S. west coast and there were no U.S. 
flag LNG tankers capable of transporting 
LNG from Alaska to the east coast, all 
Alaskan LNG was exported. Federal Mari- 
time law requires U.S. flag ships for all 
interstate seaborne trade. Statistics on LNG 
exports for 1976 are shown in table 22. 

Exports via pipeline to Canada in 1976 
totaled 7.5 Bcf compared with 10.2 Bcf in 
1975, a decline of 26.6%. Detroit was the 


exit point for most of these shipments. 
Natural gas exports via pipeline to Mexico 
continued to decline from 9.5 Bcf in 1975 to 
7.4 Bcf in 1976. Comparisons of exports in 
1975 and 1976 are shown in table 23. 

Pipeline imports of natural gas from Can- 
ada totaled 953.6 Bcf in 1976, an increase of 
0.6%. These imports were valued at $1,652 
million, compared with $1,147 in 1975. This 
large increase in value resulted from the 
continuing rapid increase in the average 
price of gas from 55.35 cents per Mcf in 1974 
to 121.03 per Mcf in 1975 and 173.27 Mcf in 
1976. Nine companies imported Canadian 
gas in 1976. 

For the second consecutive year since 
1955 there were no imports of natural gas 
from Mexico. Data on pipeline natural gas 
imports are shown in table 24. 

Imports of LNG totaled 10.2 Bcf during 
1976, more than double the 1975 total of 4.9 
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Bcf. These imports, shipped from Algeria to 
Everett, Mass., the U.S. receiving point, 
were valued at $7.9 million. There were no 
LNG imports from Canada in 1976. LNG 
import data are summarized in table 25. 

The El Paso Algeria Corp.'s 25-year con- 
tract with Société Nationale pour la Re- 
cherche, la Production, le Transport, la 
Transformation et la Commercialisation des 
Hydrocarbures (SONATRACH), the Al- 
gerian National Oil and Gas Co., which has 
been approved by FPC, calls for the delivery 
of LNG equivalent to about 1 Bcf per day. 
This LNG will be transported from Α]- 
geria in a fleet of 9 tankers, owned and 
operated by El Paso. Each tanker will carry 
the equivalent of 2.6 Bcf of natural gas. 
Three of these ships, which were built in 
France, were completed as of the end of 
1976, and the remaining six were in various 
stages of construction in U.S. shipyards. 
Deliveries to Cove Point, Md. and Elba 
Island, Ga. are expected to begin in 1978. 

The receiving terminal at Cove Point, 
Md., which is jointly owned by Columbia 
LNG Corp. and Consolidated System LNG 
Co., will handle a quantity of LNG equiva- 
lent to 650 million cubic feet (MMcf) of gas 
per day when completed in 1977. Columbia 
will receive 300 MMcf and Consolidated 350 
MMcf per day. After regasification of the 
LNG at Cove Point, the gas will be shipped 
by an 87-mile, 36-inch pipeline, completed 
in 1976, to a compressor station at Loudoun, 
Va., and then to transmission, distribution 
and storage facilities. 

Construction of the receiving terminal on 
Elba Island near Savannah, Ga., owned by 
Southern Energy Co., was about 80% com- 
plete at yearend 1976 and is scheduled for 
completion in 1977. Southern will receive 
350 MMcf of gas per day from El Paso. 

Other proposed LNG projects were await- 
ing FPC approval. Among these, was that 
filed by Trunkline Gas Co. to import the 
equivalent of 168 Bcf of natural gas per year 
from Algeria, over a 20-year period, begin- 
ning in 1980. Trunkline requested approval 
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to construct a receiving terminal with sto- 
rage and regasification facilities near Lake 
Charles, La., at an estimated cost of $164.3 
million. 

Another project awaiting approval was 
that of Tenneco Corp. to import LNG from 
Algeria to the U.S. via Canada. This 20-year 
contract calls for the delivery of the equiva- 
lent of 397 Bcf of natural gas per year to St. 
Johns, New Brunswick, Canada. After 
regasification, 280 Bcf of gas per year would 
enter the U.S. by pipeline and the remain- 
der would be used in Canada. This would 
involve the construction of a pipeline, at an 
estimated cost of $546.4 million, consisting 
of about 391 miles of 30-inch line from the 
Maine-New Brunswick border to Albany, 
N.Y. and 107 miles of 30-inch line extending 
from there to Tennessee Gas Pipeline Co.’s 
main transmission line near Milford, Pa. 

An application was filed with FPC by 
Pacific Indonesia LNG Co. to import LNG 
equivalent to about 539 MMcf of gas per day 
from Indonesia for a 20-year period. West- 
ern LNG Terminal Co. requested approval 
to construct and operate an LNG receiving 
terminal near Oxnard, Calif. to handle 
these imports. 

El Paso Eastern Co. requested approval to 
import LNG from Algeria to a terminal in 
Matagorda Bay on the Texas Gulf Coast. 
This 20-year contract with SONATRACH 
calls for the delivery of 1 Bcf per day of 
LNG, scheduled to begin in 1984. The LNG 
would be shipped by a fleet of 12 cryogenic 
tankers, with El Paso Atlantic Co. providing 
6 of the ships and the remaining 6 to be 
provided by SONATRACH. After regasifica- 
tion of the LNG, 65% would be sold to El 
Paso Natural Gas Co. and 35% to United 
Gas Pipe Line Co. El Paso would construct a 
terminal and 463 miles of pipeline to exist- 
ing pipeline systems at an estimated total 
cost of $720 million. The proposed pipeline 
would connect with El Paso's Waha gas 
plant in Reeves County, Tex. and would 
intersect with United's existing line near 
Victoria, Tex. 


WORLD REVIEW 


World marketed production of natural 
gas totaled 49.4 Tcf in 1976 (table 26), an 
increase of 1.9 Tcf or 3.96% from that in 
1975. The United States was the largest 
producer, accounting for 40.4% of the total. 

Algeria.—SONATRACH expanded its 
natural gas production and processing 
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facilities, and marketed production during 
the year increased 10% to 370.8 Bcf. Almost 
all marketed natural gas production was 
exported as LNG. 

Early in 1976, SONATRACH issued a 
contract valued at $480 million to the C. 
Itoh Commercial Group and Japan Gasoline 
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Co., Ltd., to install gas processing units at 
Hassi R'Mel gasfield rated at 3,860 MMcf 
per day that will have the capacity to 
produce 300,000 barrels per day (bpd) of 
condensate and 95,000 bpd of liquefied 
petroleum gas (LPG). 

Construction of SONATRACH’s Arzew 
No. 1 gas liquefaction plant continued 
during 1976. Deliveries of LNG from this 
plant for export to the United States were 
expected to commence early in 1978. 

During 1976 SONATRACH finalized 
plans to construct two LNG plants at 
Bettioua, near Arzew on Algeria's western 
coast. Both facilities were scheduled to be- 
gin operations in 1979. One of the plants, to 
be built by Foster Wheeler Corp., will have 
the capacity to liquefy up to 1.5 Bcf of gas 
per day for export. The Algerians con- 
tracted Pullman Inc. to design and build the 
other plant at Bettioua with six liquefaction 
units, each with a capacity to liquefy in 
excess of 150 MMcf of gas per day for export 
to Europe and the United States. 

Société d'Etudes du Gazoduc de la Medi- 
terranee Occidentale (SEGAMO), an organ- 
ization owned by Algeria, France, and 
Spain, examined possible routes for a long- 
distance, natural gas pipeline to deliver 
Algerian gas across the Mediterranean Sea 
to Europe and contracted Williams Com- 
panies to prepare a study of the seafloor 
between Algeria and Spain. The projected 
1,550-mile gasoline crossing the Mediterra- 
nean Sea between Algeria and Italy and 
passing through Tunisia was reportedly 
cancelled at yearend 1976, when Tunisia 
rejected its permission to build the trunk 
line across its territory. 

Canada.—Marketed production of natu- 
ral gas in Canada which ranked fourth in 
total world output, totaled 3.067 Tcf in 1976, 
a decrease of 0.7% from that of 1975. Most 
of this production was from the Province of 
Alberta, although significant quantities 
were also produced in British Columbia. 
Exports of natural gas to the United States 
totaled 954 Bef in 1976, up 0.6% from 1975. 

The Canadian Petroleum Association esti- 
mated natural gas reserves at 58.3 Tcf as of 
yearend 1976, an increase of 1.3 Tcf from 
yearend 1975. Exploratory drilling for natu- 
ral gas continued at a high level in western 
Canada, but continued to decline in the 
Arctic region during 1976. The decrease in 
Arctic activity was due in part to the 
uncertainty of Government energy policies 
and extremely high operating costs. 

Petro-Canada Ltd. the newly-formed 
national oil and gas entity, signed joint 
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venture agreements with several companies 
to explore for natural gas off Canada’s east 
coast. The joint ventures included an $18 
million project with Shell Canada Ltd. and 
Shell Explorer Ltd. to drill four wells; a $3 
million project with Mobil Oil Canada Ltd 
to drill a well near Banquereau Bank; and a 
$3 million project with Francana Oil and 
Gas Ltd., Murphy Oil Co., Ltd., and Soquip, 
the Quebec Governmental oil and gas con- 
cern, to drill a well offshore Sydney, Nova 
Scotia. 

Other offshore exploration programs 
included that initiated by Dome Petroleum 
Ltd. to drill several wells in the Beaufort 
Sea offshore the Mackenzie Delta. Eastcan 
Exploration Ltd. planned to use drillships 
and a semisubmersible rig to explore for 
natural gas on the Labrador Shelf. 

Gulf Oil Canada Ltd. and Mobil Oil 
Canada Ltd. tested a development well in 
the Parsons Lake Field, Mackenzie Delta, at 
up to 20.5 MMcf per day, and Eastcan 
Exploration Ltd. tested a discovery well on 
the Labrador Shelf some 700 miles north of 
St. Johns, Newfoundland, at 9.8 MMcf per 
day. Other significant new gas wells tested 
during 1976 included: Husky Oil Ltd., near 
Chatham, Ontario, 16.5 MMcf per day; Pan- 
arctic Oils Ltd., two discoveries off Melville 
Island in the Arctic Islands, one at 6.5 and 
the other at 6.8 MMcf per day; and Shell 
Canada Ltd., 90 miles northwest of Calgary, 
Alberta, up to 12.7 MMcf per day. 

Several natural gas pipeline projects were 
completed or in the planning stage during 
1976. Alberta Gas Trunk Line, Ltd. com- 
pleted over 500 miles of various-diameter 
lines and announced plans to construct 184 
miles of large-diameter lines. TransCanada 
Pipe Lines Ltd. planned the addition of 
about "0 miles of loop lines to its gas 
pipelines system in Central Canada. Alber- 
ta Oil Sands Pipeline Ltd. planned to build 
a 170 mile, 16-inch pipeline to transport gas 
to the Syncrude Ltd. tar sands extraction 
plant, and West Coast Transmission Co. 
approved a 4-year program to lay over 440 
miles of natural gas gathering lines in 
western Canada. An 87-mile pipeline is to 
be constructed in British Columbia from the 
Grizzly gasfield to a proposed sulfur- 
scrubbing plant near Chetwynd. 

Competing projects were under consider- 
ation to move natural gas by pipeline from 
northern producing areas to markets in the 
southern Provinces. Two proposals called 
for the construction of large-diameter inter- 
national gas pipeline's through Canada 
from the Alaskan border to existing pipe- 
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lines in Alberta and British Columbia. 
Either of these trunklines would be used to 
deliver Alaskan .gas to consumers in the 
lower 48 States and eventually, to move gas 
from Canada's Mackenzie Delta to markets 
in the lower Provinces. 

Another plan under consideration called 
for the construction of a domestic gas line, 
costing about $3 billion, from the Mackenzie 
Delta to existing facilities in Alberta. 

Indonesia.—Expanded production and 
processing facilities resulted in Indonesia's 
total marketed production of natural gas 
increasing by nearly 5496 to 126.4 Bcf in 
1976, three times greater than the country's 
output 2 years earlier. Atlantic Richfield 
Co. completed the construction of an 
offshore natural gas processing plant in the 
Ardjuna Field, in the Java Sea near Jakar- 
ta, Java, that will produce up to 20,000 bpd 
of liquefied petroleum gas and supply the 
residue gas to onshore industries at the rate 
of about 200 MMcf per day. Α 150-mile gas 
pipeline was being laid from the plant to a 
steel mill at Cilegon and to a fertilizer plant 
at Ceribon. 

Two LNG plants and export terminals 
were under construction by Pertamina, the 
Government-owned oil and = entity, one 
at Badak Field near Balikpa 
tan, and the other at Aceh | Field, N orth 
Sumatra. Shipments of Indonesian LNG 
will be made from these facilities to Japan 
and possibly, the United States. The Kali- 
mantan plant, which was scheduled to be- 
gin operations in 1977, will be capable of 
processing about 5,700 bpd of natural gas 
liquids from associated gas and will have 
the capacity to liquefy about 550 MMcf of 
natural gas per day. The Sumatra plant, 
which will be capable of liquefying about 1 
Bcf of natural gas per day, was scheduled 
for completion in 1978. 

Mexico.—Marketed production of natural 
gas by the Government-owned oil and natu- 
ral gas entity, Petróleos Mexicanos, S.A. 
(Pemex) totaled 577.9 Bcf in 1976, a decrease 
of 1% from that in 1975. Large quantities of 
the gas produced contained hydrogen sul- 
fide and required treatment prior to deliv- 
ery to the market. Half.of the gas was 
produced in association with the production 
of crude oil, and the remainder was non- 
associated natural gas. Nearly 70% of the 
output came from fields in southern Mexico, 
22% from northern fields, and 896 from 
fields in the Poza Rica area near the Gulf of 
Mexico midway between the two major 
producing areas. 

Extensive facilities were being developed 
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in the States of Chiapas and Tabasco in 
southern Mexico to process large quantities 
of sour gas from the recently discovered 
Reforma fields. Units rated at a total ca- 
pacity of 600 MMcf per day were under 
construction or operating at Cactus in 1976, 
and more units will be added during 197" to 
increase the capacity there to 1 Bcf per day. 

Production from the promising Reforma 
fields was expected to raise Mexico's total 
gas output considerably within the next few 
years, and significant volumes may become 
available for export, possibly to the United 
States. 

Netherlands.—Natural gas reserves fell 
by 3% to 83.9 Tcf at yearend 1976, the first 
decline since the discovery of the prolific 
Groningen Field in 1959. Total reserves 
included offshore North Sea fields 19.2 Tcf, 
Groningen 62 Tcf, and other onshore fields 
8.7 Tcf. Marketed production of natural gas 
in the Netherlands increased by 7.1% to a 
record 3.4 Tcf during 1976, and the country 
maintained its position as the world's third 
largest producer of natural gas. 

Norway.—As of yearend 1976, numerous 
projects were underway or completed in 
Norway’s sector of the North Sea to trans- 
port natural gas to markets on the Euro- 
pean continent. Deliveries of natural gas 
from the offshore Ekofisk Field to Emder, 
West Germany, via a 274-mile pipeline com- 
pleted in 1976, were scheduled to begin in 
1977. Natural gas will be piped from the 
Emden terminal to consumers in Belgium, 
France, Netherlands, and West Germany. 

Norway and the United Kingdom signed 
an agreement for the joint development of 
the Frigg gasfield in the North Sea, and the 
Norwegian Government initiated a study on 
the feasibility of gas pipeline construction 
from offshore fields to markets in Norway. 

United Kingdom.—Developments in the 
North Sea dominated the natural gas in- 
dustry in the United Kingdom during 1976, 
and the country maintained its position as 
the third largest preducer of marketed 
natural gas in Europe. Eleven gas compress- 
ing and processing units were under con- 
struction at Brent Field to compress gas 
initially for reinjection and later to process 
the gas to be piped to shore installations. A 
$40 million, 200,000 ton, concrete gas treat- 
ment platform was installed at Frigg Field, 
and construction teams laid twin 31-inch, 
217-mile gas pipelines from the field to St. 
Fergus, Scotland. A new gas well in the 
Morecambe Field of the Irish Sea tested 
10-15 MMcf per day. 

Gas discoveries in the North Sea during 
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1976 included a well near Brae Field, which 
tested 12 MMcf per day, one near Beryl 
Field, which tested 23.7 MMcf per day, and 
one near Bacton, England, which tested 18 
MMcf per day. 

At yearend 1976, the Government was 
studying a proposal to construct approxi- 
mately 840 miles of gas gathering lines from 
producing fields in the North Sea to Peter- 
head, Scotland. 

U.S.S.R.—The U.S.S.R. was second to the 
United States accounting for 23% of world 
production. Its 1976 marketed production of 
natural gas reached a record 11.3 Tcf, up 
11% from 1975 and more than 50% above 
that produced 5 years earlier. Most of the 
Soviet output came from the Ukraine, 
Turkmenistan and western Siberia. 

Construction was completed during 1976 
at the Orenburg gas processing complex, 
one of the largest in the world. Approxi- 
mately 1.9 Bcf per day of gas from nearby 
fields will be processed for the removal of 
natural gas liquids and sulfur, and then 
piped to consumers in the U.S.S.R. and 
other European countries. 

Plans were finalized for the development 
of the Golitsyna gasfield in the Black Sea, 
about 43 miles west of the Tarkhankut. A 
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confirmation well completed in 1976 flowed 
35.3 MMcf per day. 

Several thousand miles of natural gas 
pipelines were built during 1976, with more 
than 4,000 miles of lines scheduled to be 
constructed in 1977. Construction was com- 
pleted during 1976 on nearly half of the 
1,680-mile, large-diameter, natural gas 
trunk lines from the Orenburg Field near 
the Caspian Sea to Uzhgorod, on the border 
with Czechoslovakia. Scheduled for comple- 
tion during 1978, the line will have a design 
capacity to transport 2.7 Bcf per day of 
natural gas to several European countries. 

The looping of a 600-mile section of the 
gas pipeline from the giant Vuktyloskoye 
gasfield, north of Ukhta and near the Arctic 
Circle, to Torzhok, in European Russia be- 
tween Leningrade and Moscow at Torzhok 
was completed in 1976. The line connects 
with international gas lines serving Czech- 
oslovakia and Poland. 

At yearend 1976, a major natural gas 
trunk line was under construction in west- 
ern Siberia from the huge Urengoiskoye 
Field to Nadym. Projects remained in the 
planning stage to construct long-distance 
gas pipelines to Japan from Sakhalin Island 
and from near Yakutsk, in eastern Siberia. 


TECHNOLOGY 


Government and industry activities in 
the development of technology designed to 
increase gas supplies continued in 1976. 
These efforts involved several techniques to 
produce gaseous fuel from coal, the gasifica- 
tion of petroleum liquids, the recovery of 
gas from low permeability formations and 
methane saturated aquifers, and the pro- 
duction of gas from biomass. 

Research involving the gasification of 
mined coal to produce high-Btu gas was 
expanded during 1976 as the total number 
of pilot plants in operation was increased to 
seven by the completion of four new facili- 
ties. In addition, two pilot projects involving 
the production of low-Btu gas from coal 
were operational, one was being modified, 
another was under construction, and two 
were in the design stage as of yearend 1976. 
The Energy Research and Development Ad- 
ministration (ERDA) initiated negotiations 
during the year with private firms for the 
design of high-Btu and low-Btu coal gasifica- 
tion demonstration projects, and private 
interests filed applications with the FPC for 


the construction of two commercial high- 
Btu plants. 

Research involving the production of low- 
Btu gas by in situ gasification of coal seams 
was in progress. During 1976, the Laramie 
Energy Research Center conducted experi- 
ments near Hanna, Wyo., which produced 
low-Btu gas of uniform quality over sustain- 
ed periods. A consortium of three Texas 
electric utilities, Texas Utilities Ser- 
vices, Inc., initiated tests involving the in 
situ gasification of lignite using technology 
developed in the Soviet Union. 

A Bureau of Mines demonstration project 
continued to gather methane from an op- 
erating coal mine near Bula, W. Va. Deliv- 
eries of small quantities of methane from 
this project to Consolidated Gas Supply 
Corp. occurred during 1976. The Bureau 
also signed a contract with Emerald Mine 
Corp. involving a pre-production methane 
gathering project at a coal mine in Green 
County, Pa. The goal of both these projects 
was the development of techniques which 
would provide additional natural gas sup- 
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plies for distribution, and also reduce coal- 


mining hazards. 

SNG plants, using naphtha and natural 
gas liquids as feedstocks, continued to pro- 
vide supplemental gas supplies, primarily 
during the winter months. As of yearend 
1976, 12 SNG plants were in operation and 1 
was under construction. 

Research has also focused on fracturing 
techniques that stimulate flow from eco- 
nomically submarginal gas reservoirs. Dur- 
ing 1976, a total of nine fracturing projects 
were in progress in Wyoming, Colorado, 
Utah, and Texas, and five projects were 
underway in the Appalachian area. Several 
of the latter projects involved fracturing of 
the Upper Devonian gas shales which un- 
derlie about 12 eastern States, including 
those that comprise the major northeastern 
markets. 
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During 1976, a Government-industry con- 
tract was signed for the investigation of 
methane-saturated Gulf coast salt water 
aquifers. A previous study by the US. 
Geological Survey indicated that these aqui- 
fers in onshore reservoirs alone may con- 
tain up to 24,000 Tcf of methane. 

A program to encourage the development 
of techniques from the conversion of renew- 
able biomass resources into methane by 
biochemical, thermochemical, and photo- 
chemical processes was initiated by ERDA 
in 1976. Several resource inventory and 
technology assessment contracts were 
awarded universities and other private re- 
search organizations. In addition, a contract 
was awarded for the construction of a pilot 
plant to test the technical and economic 
feasibility of converting garbage to methane 
using anaerobic digesters. 


Table 2.—Gas pipeline failures reported during 1975-76 


Total number Fatalities Injuries 
ao of failures Employees Non-employees Employees Non-employees 
1916 1976 1975 1916 1975 1976 1975 1976 1975 1916 
Distribution: 
Danese 5 = 1 2 3 94 118 -— e 1 1 6 8 23 83 
ou 
forces 144 659 -— 2 5 16 7 16 119 108 
Construction defect 
material failure 78 115 ο. a an 27 1 20 25 81 
Other causes 68 144 sof 1 2 6 15 22 24 36 
Total 979 1,036 8 3 8 50 29 191 258 
arcsec and 
gathering: 
absens d „„ 44 115 3 TP 1 N 2 = = 4 m 
Damage by outside 
— _ 287 219 Tm ut κ: 8 ας E 5 5 
Construction defect or 
material failure 88 180 1 1 nt. z. 5 6 an 2 
causes 25 29 1 1 De ἘΠ 1 22 Sm 12 
Total... oec 894 543 5 2 1 8 8 28 9 19 
Grand total 1,373 1,579 5 5 9 58 37 94 200 212 


Source: Office of Pipeline Safety, Department of Transportation. 
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Table 3.—Gross withdrawals and disposition of natural gas in the United States 


(Million cubic feet at 14.73 psia) 
Gross withdrawals Disposition 
State From From Marketed Vented 
gas oil Totall pro- Repres- and 
wells wells duction "8 flared? 
1975 
Alabama __ _ _ -- 83,660 5,261 88,921 87,814 ao 1,107 
Alaska i . ot 188,153 115,074 258,227 160,270 82,556 10,401 
ATONE. oculus 8 251 255 208 * 47 
Arkansas 91,270 R 121,518 116,237 3,963 1,818 
Californian 173,499 194, 154 7, 653 318, 908 47,808 1,587 
Colorado __________ ~~ __________ 130,743 43,402 174,145 171,629 pae 2,516 
p L ni nAn is 383 383 44,883 oe M 
Ilinois -------------------------- 1,440 3) 1,440 1,440 mm m 
Die... 88 346 (3) 946 946 e: ἜΝ 
Kansas __  _ Sh oe Bee 705,746 140,418 846,164 843,625 1,698 846 
Kentucky ono c ee 60,511 3) 60,511 60,511 Za 
T UT ERRE PENE IN EE eee ών δες 6,455,690 786,718 7,242, 7,090,645 126, 304 25,459 
Maryland ______________________ 93 -- 93 BEN = 
Michigan 71,907 31,994 108,901 102,118 176 1,612 
Mississippi πο μαμα κο παμωωπ οκ 74,361 18,133 92,500 74,845 6,293 ,862 
Missouri .............-......-.. --.-..-... -....-. -. -.-. 30 3) 30 30 m -- 
Montana 41,474 8,078 44,547 40,734 611 8,202 
Nebra aaa 1,605 2,858 ,963 2,565 = 1,898 
New Mexico ooo 915,370 311.830 1,227,200 1,217,430 8,128 642 
New σε ο he 8 628 (3) ,028 7,628 uem Mm 
North Dakota ὐ mm 26,654 26,941 24,786 PS 2,155 
ο ο ο αλ. 85,810 (9) 85,810 84, 850 B 
αι τον ο οι αι. -- 1,412,637 308,061 1,720,698 1,605,410 83,486 31,802 
Pennsylvania ...... ........................... 84,772 3) 84,772 84,676 = 96 
South Dakota (3) 39 E 85 4 
Tennessee ...................................-. 585 612 E 585 
λος πισω ο ee 6,463,095 1,525,678 7,988,773 7,485,764 471,714 31,295 
Dia ee ee, 19,001 58, 77,607 55,3 : 1,806 
Virginia -.-.-------------------- 6,723 n 6,723 6,723 ire in 
West Virginia 154,484 (5) 154,484 154, Le -- 
Wyoming. gn 249,882 76,856 238 316, 123 6,892 3,223 
τους... δω uu p. 17,380,298 3, 723,237 21,108,530 20,108,661 860,958 133,913 
1976 
%%Cͤ;—v « y 87,832 5,768 43,600 41,421 1,085 1,088 
Alaska ___ es 142,944 126,167 269,111 166,072 96,485 6,554 
Αγίσοηδ............ -..-...-----......-- -.... -.-. -. -.. -.. -. 8 291 262 p 82 
Arkansas____ _ oa 91,166 29,981 121,147 109,533 10,387 1,227 
Glien... ο 174,477 253,163 427,640 384 72,018 1,288 
Colorado ~- —------------------—- 134,110 51,918 ,028 183,972 220 1,836 
Florida ~- —-—-------------------—-— eT 46,513 46,513 43,165 2,511 837 
mine LS ZZ Z 1,556 (5) 1,556 1,056 NE un 
Indiana- ß uu ya a 192 3) 192 192 e -- 
ET T EDDIE 704,197 127,467 831,664 829,170 1,663 831 
Kentucky) 66, (3) 66,137 66,137 m t. 
isiana ncn ccm M 6,365,774 711,266 17,148,040 7, 006,598 104,977 31,467 
Maryland ______________________ 75 τ 75 75 ir E 
Hei; 8 81,628 40,003 121,631 119,262 327 2,042 
Mississippi... ------------- 73,138 16,776 89,914 70,762 5,558 — 18,599 
JJ K ia haces hs 29 (5) 29 29 = = SS 
Montana.. 41,685 3,412 45,097 505 464 2,070 
Nebraska... A 899 2, 3,308 2,511 Lt 797 
New Mexico 939,491 800,161 . 1,239,652 1,280,976 7,157 1,519 
New LoriʒK 9,235 (5) 9,235 9,235 ER A 
North 233 K EE 285 33,922 34,207 31,470 ire 2,737 
Ohi0 joc ος ⁵ð m ώς ερ eee = 89,780 (5) 89,780 88,891 -- 
Oklahoma ——————— 8 1,491,165 351,024 1,842,189 1,726,518 85,479 80,197 
Pennsylvania __ cl. ; (S) 89,485 89, 2 99 
South Dakota 5 (5) 52 a 47 5 
Tennessee 485 532 146 
οταν ² m.. απο ο σας 6,213,395 1,452,537 7,665,982 7,191,859 443,671 30,402 
JJ KAT 8 18, 59,719 78, 646 57,416 20,182 1.048 
Vigna ο ας LS a LTU 6,9 uni 937 6,937 s es 
West Virginia. 153, 3) 153,322 153,322 IS =s 
Wyoming 262,692 74,141 | 328,768 6,149 1,916 
„. P 17,190,655 3, 753,123 20,943,778 19,952,438 859,410 131,930 


1Marketed production plus quantities used in repressuring and vented and flared. 
*Partly estimated; includes direct losses on producing properties and residue blown to the air. 


Not reported se 
Source: Figures based on reports from State agencies. 


tely, included under Gross withdrawals from gas wells." 
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Table 4.—Gas and oil well completions in the United States, by State, 1971-76 


Gas completions! Oil completions? 


1971 1972 1978 1974 1975 1976 1971 1972 1973 1974 1975 1976 
Alabama ........-- 6 9 10 16 26 86 8 13 18 16 20 29 
Alaska ___________ 1 2 8 4 4 1 27 12 20 27 44 50 
Arizona.. 2 1 1 ne ME " σε 5 grum 8 e 
Arkansas _________~_ 29 89 40 41 23 45 127 96 91 99 147 217 
California 60 62 65 69 46 76 1,459 1,045 879 1,567 1,854 1, 
Colorado _________ -. 148 124 148 201 300 178 154 300 228 218 328 415 
Florida ___________ ERR = S Ll m » 8 65 24 9 15 11 
Illinois ~__________ 16 18 13 11 5 12 252 255 240 357 460 759 
Indiana ___________ 2 5 8 21 17 23 81 92 67 136 145 191 
Kansas ___________ 112 384 389 438 540 1,099 880 592 989 1,094 1,478 
Kentucky _ 135 166 157 127 123 151 230 158 195 
Louisiana: 
North __________ 237 451 269 458 413 808 390 291 234 326 402 454 
South __________ 200 234 284 190 220 211 398 375 337 283 873 294 
Offshore 184 133 231 141 182 239 258 253 287 216 181 200 
Total Louisiana 621 818 784 789 815 1,258 1,046 919 858 82⁵ 956 948 
Maryland = ΜΝ HUM ΚΕ ΜΉΝ 2ι ΕΝ bas m Xd 
Michigan __________ 33 34 41 52 33 64 81 87 79 116 169 118 
Mississippi 13 13 28 26 31 44 175 87 70 67 108 
Missouri 1 a "OP 2 7 ES S 7 6 
Montana __________ 33 125 123 145 279 190 45 83 46 60 100 91 
Nebraska 1 2 Ex 5 2 47 48 88 40 74 
New Mexico ________ 186 238 498 463 517 350 401 502 280 350 
New Vork 7 22 27 98 236 355 83 96 97 153 142 188 
orth Dakota _______ 1 8 Ses 49 23 40 42 69 93 
Ohio ___ 608 721 940 1,050 555 1,121 391 426 39 550 640 
Oklahoma _________ 238 841 638 790 1,174 1,025 898 1,149 1,743 1,991 
sire. ein σερ 1 297 434 468 640 565 394 534 525 671 6 1 
South ota _______ NP ἽΝ e "e UN iu 2 4 5 1 4 
Tennessee 23 10 12 38 38 57 14 24 61 4 47 
Texas ____________ 810 943 1,475 1,848 2,135 2,443 3,880 3968 3686 4,402 6,074 5,779 
Ul 8 6 25 12 8 73 104 118 11 
Virginia ZA 18 7 55 26 7 E ΜΡ e - e 
West Virginia 496 488 514 556 699 133 84 72 121 120 124 
Wyoming 43 52 61 40 78 80 405 345 381 418 620 416 
Grand total 3,880 4,928 6,335 7,239 7,580 9,085 11,858 11,806 9,902 12,784 16,408 17,059 


Includes multiple completion wells that produce gas from all zones. 
Includes multiple completion wells that produce gas from one or more zones but oil from at least one zone. 


Source: American Petroleum Institute. Quarterly Review of Drilling Statistics for the United States, Annual 
Summaries 1971 to 1976, inclusive. 
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Table 5.—Exploratory wells drilled in the United States, by State, 1971-76 


"Su 
State Gas completions 
1971 1972 1978 1974 
Alabama _____________ 2 6 5 4 
Alaska |... Ta 1 1 3 
Arizona.. 1 1 1 Tue 
Arkansas _____________ 2 1 2 2 
California 5 9 17 16 
Colorado _____________ 27 29 29 

Hor. onm es m ae oS 
Illinois 4 2 1 3 
Indiana.. 1 8 3 6 
Kansas ______________ 14 26 40 33 
Kentucky ..........-- 12 18 16 20 
EE 5 n 5 34 
Mississippi iii 8 4 15 6 
Missouri .......................... ΕΜ κο nif 1 
Montana 16 28 35 
Nebraska aa ux as bos 8 
New Mexickco _ 7 27 25 48 
New Vork 3 3 8 19 
North ota __________ an EAM ze κ. 
ORIG ͤ A 7 24 81 117 
Oklahoma 27 55 69 61 
Ivania .. -.-. 8 20 41 42 
South Dakota __________ mM πα "e "m 
77 14 7 11 
17»; 172 183 410 56 
Utah __ ur 4 2 13 4 
Virginia _ _ a = = aan 2 5 
West Virginia 18 35 89 53 
Wyoming 10 16 16 19 
Total: ai ae 47 601 900 1,194 


1916 1916 1911 


8 
8 


1,171 


15 


@ = ἂν | | 
DONANI O) ON DI 


$ 81 o 


Oil completions? 


Zi cots: MEE! wer 


1972 1973 1974 
2 4 
CN 2 
7 4 
17 17 
71 38 
2 3 
20 22 
11 11 
117 98 
30 18 
24 22 
34 38 
9 13 
15 10 
10 7 
14 9 
1 2 
7 4 
88 uox 
37 35 
8 3 
Je 4 
4 6 
179 207 
22 4 
1 4 
45 34 
64 61 


863 
1975 1976 
4 5 

6 5 
9 9 
36 29 
81 28 
29 40 
15 25 
115 182 
58 54 
30 28 
55 29 
23 29 
14 22 
17 27 
26 17 
1 T 
14 20 
10 22 
5» 70 
11 10 
4 AT 
13 17 
311 386 
T 2 
2 -- 
8 5 
63 41 
972 1,047 


Includes multiple completion wells that produce gas from all zones. 


*Includes multiple completion wells that produce gas from one or more zones but oil from at least one zone. 
Source: American Petroleum Institute. Quarterly Review of Drilling Statistics for the United States, Annual 


Summaries 1971 to 1976, inclusive. 
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Table 6.—Producing gas and condensate wells in the United States! 


3 Dec. 81, Dec. 81, Dec. 31, Dec. 31, Dec. 31, 
PAD district and State 1972 1973 1974 1975 1976 
District 1: 
Maryland ___________________- 16 15 15 15 14 
New York 327 κανα 789 700 900 1,400 
Pennsylvania __________________ 16,600 16,600 17,128 "17,800 17,500 
West Virginia__________________ 21,924 21,400 21,450 21,700 22,100 
Tial onn ο ee z $8,720 $8,982 39,462 140,101 41,194 
Illinois kn 3 36 37 41 94 
Indiana 87 106 474 478 668 
Kansas______________________ 8,621 8,785 8,800 8,865 9,880 
Mace πο εαν 1317 1446 Κ΄ 200 214 
Missouri)) 2 3 3 3 
Nebraska_.____________________ 29 29 25 19 17 
North Dakota 21 44 94 18 94 
Ohio 8,630 9,406 10,038 10,382 11,509 
Oklahoma ____________________ 8,457 8,868 9,401 9,769 10,486 
South Dakota -- 10 20 20 20 
Tennessee __________________ 45 6 19 5 7 
Total.____________________ 34,945 35,661 36,655 37,195 89,672 
District 3: 
ασ πο ο ολα... 15 15 134 745 66 
Arkansas 1.041 876 1.172 1.128 1,228 
Sah Bae arena at a ee 9,456 10,551 711,148 711,959 11,970 
TOREM CERRO NT SN Oe er 252 250 289 
New Mexico — 9,679 9,711 9,915 10,352 10,674 
Teaas _ _ — 23,918 23,805 24,646 26,184 21,162 
Toller 43,816 45,208 147,154 149,816 51,352 
District 4: 
Colorado 934 1,050 71.039 11, 880 1,500 
Montana .............. ccc -.. -. -.--. -. 1,116 1,118 1,450 1,285 1,490 
ö; ας ee ος. 200 158 114 271 71 
Wyoming___ 887 850 900 950 990 
„ uu ru u G ee 8,137 8,176 Τὰ 508 rg 836 4,051 
District 5: 
Alaska ñ onc ue atr 50 52 52 61 50 
Arizona... 4 4 1 1 1 
Californian 1,086 1,095 1,142 1,585 1,123 
Total.__._________________ 1,140 1,151 1,195 1,647 1,174 
Total United States 121,158 124,178 1127, 969 712,095 137,443 


"Revised. 
1Based on State reports, State estimates, and World Oil magazine. 
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Table 9.—Production of natural gas liquids at natural gas processing plants, natural gas 
processed and extraction loss in 1975 and 1976 


(Million cubic feet at 14.73 psia at 60* F unless otherwise stated) 


1975 1976 
Total Total 
natural natural 
gas gas 
liquids . liquids mE Extrac- 
State and Natural š and Natural e 
ethane gas tion los ethane gas tion loss 
produc- processed pis pro- processed ica 
tion age duction age 
(thou- (thou- 
sand sand 
barrels) barrels) 
Alabama and ΠΡ πια παν NNUS 815 29,694 1,261 845 25,517 1,181 
Alaska, Montana, Utah _______________~_ 8,948 ,203 5,134 4,230 149,865 6,022 
Arkani- — — se cedo erre 608 17,918 899 611 20,370 823 
Californian 9,328 218,079 15,221 8,711 216,667 14,125 
τσ —— "BM Πα μα [πω Han 
irginia - -m m — » , , ` 
Illinois and Kentucky kk 12,041 $22,398 18,239 11,556 805,441 17,708 
Kangsag CERES ,858 1,867,949 763 30,201 889, 40,915 
Louisiana 135,522 831,487 189,541 118,779 5,749,788 172,584 
Michigan. __ _ 2, 79,154 2, 4,719 151,8 6,665 
Nebraska, North Dakota, South Dakota 1,910 84,468 2,117 1,799 85,851 2,680 
New Mexico 39,408 1, 037, 160 56,109 42,144 1, 066, 104 61,778 
Oklahoma ___ -.-......-........-. -.... -. 40,475 1, 033, 60, 42,514 1,07 | 
77G ως οκ τς eat 291,47 6,509,132 435,571 287,092 6, 253,159 428.686 
Υγοπιίης.................-.-.- -.---.-.-. -.-.---.-..-..-.. -. 8,970 "216, 104 18,224 9,725 251 14,669 
Total United States 595,958 17,748,426 872,282 587,045 17,717,951 854,086 
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Table 10.—Comparison of actual and projected firm deliveries 


for heating season November through March 


(Million cubic feet) 
Actual 
November 1976- 
March 1977 
Alabama-Tennessee Natural Gas Co 11,445 
ο... Transmission Oo 81,774 
Louisiana Gas co 148,704 
ο Gas o JFF saq asa = : 
prock "lo μμ μμ A E S 

Cities Service Gas co 204,517 
ο... Interstate GasCo .......------------------------- 182,816 

ion Cort i 
Commercial Pipeline Co, InOO 289 
Consolidated Gas Suppl Corp 17177070. Ce ME 350,253 
East Tennessee Na Gas co 30,141 
Eastern Shore Natural Gas cro -. -. -.-- ----. 1,813 
E] Paso Natural Gas ooo 453,175 

Florida ission Co o ; 
Granite State Gas Transmission, Ine 2,098 
Great Lakes Transmission od 36,830 
Inter-City Minnesota Pipelines, Ltd 8,597 
Kansas-Nebraska Natural Gas Co., Ine 42,020 
Kentucky- West Vi Gas Co -----------—— 10,160 

Lawrenceburg Gas ission Cors 1, 
Louisiana-Nevada Transit ............ --.-----------. 1,553 

McCullock Interstate Gas Corp -..----------------------. 

igan Wisconsin Pipe Line o 415,769 

Mid Louisiana Gas Co „ 8, 
Midwestern Gas Transmission Co __ -- -.-- -. -. -. 129,221 
Mississippi River ission Corn 132,590 

Montana- Utilities Co 22 _____ 25, 
National Fuel Gas Supply e εμας 132,158 
Natural Gas Pipeline Co. of America ............- -.---. 486,260 
orth Penn Gas co 16,536 
Northern Natural Gas elo -- -.-- --..---- -.---- 355,951 

Northwest Pipeline Corp -......--------.----------------- 189, 
Sf E LE 
South Georgia Natural Gus OO S L L SUD 2 2 7,186 
South Texas N Natural Gas 535 G 12,841 
Southern Natural Gas co 258,080 
Tennessee Gas Pipeline Co ........... _ _ _ 471,212 
Tennessee Natural Gas Lines Inc — l l. 9,512 

Texas ion Corp __ -- 358 
Texas Gas Pipe Line Cor 1.057 

Texas ion deis 171717 ελ. ες A 
tating re Gas Pi eg Line Cord 311,509 
rn 55 @ CO το ος 8 ,884 
J SA een eee Lean E cies eas e 161,468 
United Gas Piet LineCo od 889,833 
το, οἱ [në mnes 20 

exas Gathering Co o ; 
Western Gas Interstate Co _________________ 135644 
Western Transmission Corrs 870 
ον πι ον ανα RN PIRE 6,957,918 
Pipeline to Pipeline Transactions ............... --------- 1,242,414 
Nie P V S S ; wee 5,715,499 


6,798,357 
1,252,745 


5,545,612 
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Table 11.—Comparison of actual firm requirements and firm curtailments for year April 
1976 through March 1977 with projections for year April 1977 through March 1978 


(Million cubic feet) 
Total for year Total for year 
April 1976-March 1977 April 1977-March 1978 
Actual Projected 
: Per- š Per- 
Firm Volume Firm Cur- 
require- cur- vate require- tail- ya 
ments tailed tailed ments ment tailed 
Alabama-Tennesse Natural Gas oo 29,758 2,79 9.39 81,969 6,187 19.20 
quin ission c0o -.-- -.-. 151,292 12,678 8.38 143,126 4,790 8.95 
s ο ο ο ο Z 517,169 409 40.10 555 606 4290 
Bluefield Gas Co «4 1,218 EN -- 1,160 = ES 
Caprock Pipeline c — „„ 860 = mo 796 M us 
Cities Service Gas co 577127 156,108 27.05 589,798 170,968 28.99 
Colorado Interstate Gas Co _______________ _ 352,686 mu. 862,935 τ t 
Columbia Gas Transmission Cord 1,419,987 325,351 22.91 1,447,526 408,658 28.28 
Commercial Pipeline Co, Inne = EE. 39 un x 
Consolidated Gas Supply ερ. enne 745,931 108,331 14.52 691,165 92,478 18.38 
East Tennessee Natural Gas o 81,290 24,8314 29.98 81 24,914 29.98 
Eastern Shore Natural Gas o 6,703 2461 36.7 6 8,200 50.12 
El Paso Natural Gas o — 1,898,096 281,923 20.17 1,422,184 454,202 31.94 
Florida Transmission IOo. -— 40,523 Le A 38,697 p E 
Granite State Gas Transmission, Ine 8,632 = a 3,717 ^ PME 
Great Lakes Gas Transmission o 88,888 bes ΝΕ 88,741 ΒΕ — 
Inter-City Minnesota Pipelines, Ltd 7,440 i 2 m 7,026 μέ cus 
ebraska Natural Gas Co., Inn -. _ _ 91,955 ο. Sm 89,927 MEN ENS 
Kentucky-West Virginia Gas co 24,753 Sa . 80,137 Det -—- 
Lawrenceburg Gas n Cord 5,523 1,980 35.85 5,523 1,980 35.85 
Louisiana-Nevada Transit co 3,911 339 8.67 4,626 735 15.99 
McCulloch Interstate Gas Corp _ zt 4,642 ΕΝ E 8,711 es 8 
Michigan Wisconsin Pipe Line c0o --- 860,598 90,837 10.56 885,945 102,079 12.21 
Mid Louisiana Gas 0oſ ------ 82,007 7,681 23.84 $1,365 6,624 21.12 
Midwestern Gas Transmission Io. 347,391 37,455 10.78 $49,497 52,344 14.98 
Mississippi River πως Corn 226,211 583 0. 220,109 a P 
Montana-Dakota Utilities o 81,651 τα M 40,158 E NN 
National Fuel Gas Supply 985 FF 219,331 11,157 5.09 228,821 81,486 1876 
Natural Gas Pipeline Co of America 1,214,068 X 241,872 20.42 1,216,631 1,448 23.18 
Noi Penn DCUM νι... ee ών το NE s 27,782 OR ο 26, MR ΕΝ 
N rn Natural Gas o 823,441 98,121 11.92 855,974 . 174,828 87 
Northwest Pipeline Cork? 425,985 618 6.26 441,122 0,429 
P ission co $74,613 E = = 833,662 is ΕΠ 
Panhandle Eastern Pipeline “! Jodl 806 191,184 2606 729,476 188,669 25 
South Georgia Nat Gas co 12,665 124 0.98 14,960 372 49 
South Texas Natural Gas Gathering o ,648 oe Be 24,165 Behe ` w Sus 
Southern Natural Gas looo 235 127772 19.88 305,180 48,089 15.74 
Tennessee Gas Pipeline c0o0o0o0 - - -....... -..... 1,317,191 214061 16.25 1,817,092 261,537 19.86 
Tennessee Natural Gas Lines, Inc 81, 5, 16.65 84,506 9,192 96.64 
Texas rn Transmission Cord 1021804. 255,690 25.02 1,017,762 154,753 15.21 
erae Cas Fipa Line Corp αμ κκ μον 2, -- NN 1,996 EN om 
Texas Gas Transmission Cors: 775,617 219,650 28.32 771,162 225,261 29.21 
3 Gas 1 as Pipe Line Corp us 1,072,557 463,058 43.17 1,098,798 544,108 49.74 
rn Pipeline o 66,690 117,741 9211 671 141,788 38.65 
FF ⅛·àA oe 94, 150 37.35 593,217 189,737 31.98 
United Gas Pipe Line c0odoo0·— -..-----..- 1,601,167 773,984 48.34 605, 928 342 50.21 
ΑΓ Transmission, ine 7.252 -- E 6,011 PEN ΕΝ 
West Texas Gathering o0o 92,457 » Eee 64,652 ae ae 
Western Gas Interstate o- 7,558 370 4.90 1,299 400 8.54 
Western ion Corp 8 1,937 Sa ETE 1,916 SOS c 
Total. numum ee vA 18,472,689 4,285,181 2293 18,121,922 4,618,992 25.49 
Net Requirements .................-.-.-.-.-.-..---.---.-.-.-. 14.705, 113 XX 802,000 XX XX 
Net Curtailments ________________-_____ XX 3,379,672 XX '3,800,488 XX 
Net Curtailments as a percent of 
net requirement -..-. „ ΧΧ ΧΧ 22.98 ΧΧ ΧΧ 26.57 
XX Not applicable. 


Source: Federal Power Commission. 
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Table 12.—Comparison of actual and firm requirements and firm curtailments 
for heating season November 1976 through March 1977 with projections 


for year November 1977 through March 1978 


(Million cubic feet) 
Heating season 
November 1976-March 1977 
Actual 
š Per- 
Firm Volume cant 
require- cur- eur 
Alabama-Tennessee Natural 
δω τι 8 14,017 2,572 18.85 
quin Gas Transmission Co _ _ _ 91,160 9,386 10.30 
isi Ges co 595 105, 891 41.59 
ee aas Co „„ Zn e 
prock Pipeline .....-------------- == M 
Cities Service Gas o 810,116 105,599 84. 
Colorado Interstate Gas Co 182,816 "ee = > 
Columbia Gas Transmission Corp 882, 196,068 28. 
ial Pipeline Co., Ine ΗΝ PS 
Consolidated Gas Suppl Kou vm 895,552 45,299 11.45 
East Tennessee Na Ges dem 40,571 10,436 25.12 
Shore Natural Gas Co 8,455 1,642 41.53 
El Paso Natural Gas co 597,100 149,925 24.10 
Florida Ges Transmission CO 23,100 EH ud 
Granite State Gas 
ission, Inne 2,098 e 2E 
Great Lakes Gas Transmission Co 86,830 ae cue 
Inter-City Minnesota Pipeli T 
Kansas-Nebraska Natural Gas 
e μισο. 42,020 ΚῊΝ ER 
Kentucky-West Virginia Gas Co 10,160 mm = 
Lawrenceburg i 
i vai ο τος ο RR 810 85.25 
Louisiana-Nevada itCo .... 1,870 317 16.95 
McCulloch Interstate Gas Corp 1,553 zm Pm 
Wisconsin Pipe Line Co 124 42, 9.25 
Mid Louisiana Gas o 17,521 8,579 20.48 
Midwestern Gas Transmission CO 149,454 , 18.58 
Mississippi River Transmission 
CORB nu Acus uus ue cis uas 183,178 583 0.44 
Montana-Dakota Utilities Co 25,086 E 
National Fuel Gas Supply Corp .... 143,315 11,157 1.18 
Natural Pipeli 
6777 ̃ αρ 517,848 81,083 6.01 
North Penn Gas co 16,536 μη > 
Northeast Pipeline Corp 55 215196 28.505 11.35 
ific Gas Transmission CO 1 σα 
South Georgia N a Ges C B 1.257 18421 21.67 
a José 
South Texas Na Gas 
ΘΝ „„ 12,841 ee tm 
Southern Natural Gas Co 712 44,682 14.7 
Gas Pipeline co 572,514 101,302 17.69 
Tennessee Natural Gas Inc __ 1 2,847 23.04 
Texas M 451,576 92,972 20.59 
Texas Gas Pipe Line Corn 1,05 E -- 
Texas ο. 7 83,405 23.85 
Transcontinental Gas Pipe 
Line Corn 506,093 194,584 88.45 
Transwestern Pipeline o 151,444 51,560 84.05 
Trunkline Gas ooo 137 674 34.93 
United Gas Pipe Line Co 706, 265 316,432 44.80 
w ey Gas RPM 2,959 = uu 
West Texas Gathering Co 37,652 κ» on 
Western Gas Interstate o 8,414 870 10.84 
ission Cord 870 "et κεί. 
% ο eo 8,827,187 1,869,274 21.18 
Net Requirements ............---------- 7,242,163 XX 
Net Curtailments __ —- XX 1,521,264 XX 
Net curtailments as a percent of 
net requirement XX XX 21.09 
XX Not applicable. 


Source: Federal Power Commission. 


November 197/7-March 1978 
Projected 
š Per- 
aae: Cur- cent 
ments tailment ha 
16,126 5,686 85.26 
87,701 4,790 5.46 
248,999 ,064 88.58 
833 f e 
425 = = 
808,541 94,781 81.21 
192,483 Da "m 
e 195,066 .00 
359,028 31,271 10.38 
41,508 10,718 25.82 
8,456 1,672 48.88 
608,062 215,786 85.49 
20,911 ME E 
2,182 Se ft 
86,728 NES wee. 
8,464 ones ες. 
48,477 = Heer 
12, Pu im 
810 85.25 
2,172 562 25.87 
858 ΚΕ ἘΝ 
451,958 42,465 9.40 
6,225 2,972 18.8 
150,556 80,806 20.46 
181,158 us S 
142,191 19,757 18.89 
522,525 48,822 9.84 
15,424 aes ee 
405,155 64,942 16.08 
211,288 9,505 4.50 
158,889 M = = 
852,818 80,858 78 
8,819 182 2.19 
9,415 22 = 
805,180 48,089 15.74 
569,694 137,594 24.15 
19,514 6,126 81.89 
S 60,869 19.96 
353,419 83,402 23.60 
537,889 215,700 40.10 
151,446 65,956 48.55 
247,543 88,294 85.67 
705,223 340,021 48.21 
2,860 ae e 
24,615 = Gi 
4,204 400 9.51 
793 uM κε 
8,801 2,008,866 22.81 
7,204,682 xx 
1,659,070 XX 
XX XX 23.03 
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Table ο... of actual interruptible sales and curtailments for year April 1976 


through 
through March 1978 


(Million cubic feet) 


Actual- 
April 1976 March 1977 
Inter- 
ruptible vole Fercent 
require- tailed tailed 


ment 
Alabama-Tennessee Natural Gas o- 10,898 9,991 91.68 
porum Gas Transmission Co ...................... 14,432 14,432 100.00 
Ar Louisiana Gas Co 8,331 8,331 100.00 
Bluefield Gas Co __________________ 1 = ON 
Interstate Gas o 8,655 10.09 
East Tennessee Natural Gas co 21,424 18,927 88.35 
Eastern Shore Natural Gas Co 1,470 87.48 
Fl ission C0o 118,817 67,700 56.98 
Granite State Gas Transmission, In 502 40.24 
Kansas-Nebraska Natural Gas Co., Ine 33, 358 9,150 21.43 
Louisiana- Transit C0o T νε 
Mid isi Okie eee 1 1,296 100.00 
Mississippi River Transmission Cord 49,420 42,934 86.88 
Montana-Dakota Utilities C0o0o 20,898 4.02 
Natural Gas Pipeline Co. of America ............. 21 Ἐπ ες 
Northern Natural Gas Co 470 AR di 
Northwest Pi Corp -_ . ncu 7,054 6,748 95.66 
Panhandle Eastern Pipeline Co 0 : 81,591 49.30 
South Nat Gas Co 20,281 ; 51.41 
Southern Natural Gas Oo 285,693 263,242 92.14 
a Gas Lines, Inne 4,054 677 À 
Texas Gas Transmission Corn 4,015 4,075 100.00 
Pipeline o 811 πα pe 
Total p στ εν eet uA LL 104,245 491,504 70.64 
Net requirements and net 
curtailments ___________________ 668,618 414,214 70.92 


977 with projected requirements and deficiencies for year April 1977 


April 1977-March 1978 
Inter- 


ruptibl ë Volume Percent 


cur- 
require- tailed tailed 


119 -- 
29,644 4,565 19.31 
21,987 20,603 98.71 
1,472 1,472 100.00 
126,982 49,260 88.79 
455 246 54.07 
82,905 18,220 40.18 
8 78 100.00 
27 1,278 100.00 
57,898 45,086 11.81 
24,540 6,882 28.04 
15 oe RE 
8,668 6,767 78.07 
54,457 25,881 46.52 
19,590 1 62.50 
262,046 241,499 92.16 
8,740 8,740 100.00 
en 4, 99.90 


666,760 458,341 68.74 
643,662 443,344 68.88 


Source: Federal Power Commission. 
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Table 14.—Comparison of actual interruptible sales and curtailments for heating season 
November through March 1977 with Tamera requirements and deficiencies for year 


April 197 March 1978 
(Million cubic feet) 
Actual- Pro 
November 1976 March 1977 Novena Pd 1978 
Berit Volume Percent ruptible volume Percent 
require- tailed tailed — require θὰ tailed 
ment ment 
Alabama-Tennessee Natural Gas Co 2,608 1,922 78.70 2,479 2,479 100.00 
uin Gas Transmission Oo BS aes ΕΠ -— ως ou 
Louisiana Gas Co PM aM MN Ec: e x 
Bluefield Gas i 38 RM M 12 = ENS 
Colorado Interstate Gas co 5,757 3,584 62.26 86.17 
Tennessee Natural Gas co 485 7.071 94.47 8,169 8,124 99.45 
Eastern Shore Natural Gas Co _ _ 99.08 810 810 100.00 
Gas ission COO 45,118 28,461 62.26 49,942 22,182 4442 
Granite State Gas Transmission, Ine 151 88.89 1 160 88.89 
Nebraska Natural Gas Co., Ine 18,987 5,495 89.43 14,840 8,195 51.15 
Louisiana-Nevada Transit co 15 MM is 82 8ὸ 100.00 
Mid Louisiana Gas co 100.00 529 629 100.00 
Mississippi River Transmission Cord 19,192 18,902 98.49 28,940 100.00 
tana- Utilities Co 10 6.18 12,540 8,108 24.19 
Natural Gas ine Co. of America EM ees 7 FM E 
Northern Natural Gas co SR = = S 
Northwest Pipeline Cors 6,452 6,412 99.88 7,997 6,743 84.32 
Eastern Pipeline co 28,618 14,150 59.93 24,212 18,266 64.66 
South ia Na Ges co 1,081 64.91 5,978 4,774 79.93 
thern Natural Gas cod 64,726 162,856 98.56 150,866 148,984 98.72 
— — „ δ 5 uà 3A 
Transwestern Pipeline o 282 ΕΣ 2 282 e — 
22 NUNTIUS IN NEUE EE s 812,009 256,871 82.88 809,744 249,914 80.68 


FTC 801.990 247,828 81.90 800,249 240,555 80.12 
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Table 17.—Unde und storage capacity, 


Number ἔαρ 
umber ca 
State of reser- (billion 
voirs cubic 
feet) 
Arkansas . LLL -. -. -. -. ϐ 544 
California 8 399.7 
Colorado 7 52.1 
Illinois 84 786.8 
Indiana 28 81.2 
Jowa_____ eee ees 9 213.0 
77 18 172.5 
Kentucky _ ~~ -_ - 24 213.1 
Magd onem 1 6240 
Michigan 97 862.9 
Minnesota 2 9.9 
Mississippi PON Hoop OR 4 108.0 
Missouri 2 31.0 
Montana 5 196.8 
Nebraska aa 2 98.1 
New Mexico 2 45.9 
New Vork 19 131.0 
Ohio 23 0 
. él 829.3 
ennaylvani aa Ë 
Texas » 21 811.2 
τω... ------ i pr 
West Virginia 88 488.7 
Wyoming 7 108.7 
Total US. ___ — 380 6.579.7 


Table 18.— Underground storage of natural gas in the U.S. and monthly stock changes 


during 1976 
(Billion cubic feet) 
Begin- Addi- With- Net Ending 
— tions drawals c stocks 
January L. ou cle Am Lu ee D 4,400 21 516 -555 3,845 
CC ̃ omjww — 8 8,845 62 868 8,539 
Mah. ο ως ο D ꝗydydʒ y AE 8,539 86 105 -19 8,520 
Apal 2222 8 8,520 177 69 108 8,628 
OPERE ECRIRE UON HONOR Γον ee 8,628 261 84 221 8,855 
ο μαμα ομως A i e 8,855 817 28 289 4,144 
; ³⁰·A dd a ut ua u LÀ Lora ned 4,144 290 9 281 4,425 
— oom 5 ou s Wo 
October ________________________________-_-_ 4.975 133 123 10 4,985 
November7Tlrſſ clc 222222222 2222-222 4,985 41 -251 4,184 
Docombor Jul πουωσ ³ -A ³¹A ³ 4,194 22 517 -495 4,289 


llnjected gas only, natural gas in underground reservoirs is excluded. 
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Table 19.—Quantity and value of marketed production of natural gas in the United States 


1975 1976 
Quantity Value Average tity Value Average 
State million (thou- ss million (thou- wenneg 
cubic sand (cents cubic sand i cente 
Alabama ____________ 37,814 32,898 81.0 41,421 40,806 98.5 
Alaska Mte Ac er 160,270 48,402 30.2 166,072 64,602 88.9 
Arizona _____________ 208 58 28.0 262 74 28.2 
Arkansas 116,237 40,334 84.7 109,583 58,052 58.0 
California ___________ 318, 308 222,816 70.0 334 833,074 94.0 
Colorado 171,629 44,624 26.0 183,972 88,907 48.0 
Florida _— .....---- 44, 43,185 91.8 43,165 42,388 98.2 
Duni 1.440 008 70.0 1, 1,533 98.5 
Indiana _____________ 89.0 100 52.0 
Kanaas 843,625 145,103 17.2 829,170 348,251 42.0 
tucky ----------- 60,511 54.0 36,315 55.0 
F 7,090, 645 2, 999, 179 42.3 7,006,596 3,223,034 46.0 
Mayiand ο DES 93 27.0 75 24 32.8 
ichigan____ ---- 102,113 64,740 63.4 119,262 106799 89.5 
Mississippi i ,945 ; 49.6 10,165 11.0 
Missouri ____________ 30 34.0 29 1 84.5 
Montana 40,734 17,638 43.3 563 18,941 44.5 
Nebraska ____________ 2. 54.1 2,511 1 51.3 
New Mexico 1,217,480 493,059 40.5 1,230,976 695,501 56.5 
New Vork 1,628 : 74.0 9 0,436 118.0 
. 24,186 5,701 23.0 31,470 10,699 84.0 
ο οσα ( 84,960 59,982 70.6 ,891 90,491 101.8 
Oklahoma ___________ 1,605,410 513,731 32.0 1,726,513 866,710 50.2 
vania _________ 84, 7,156 67.5 ,986 68.5 
Tennessee 43.0 7 71.0 
Texas |... _ 7,485,164 8,885,112 51.9 7,191,859 5,163,755 71.8 
Utah ______________ 354 ; 48.0 7,416 à 50.5 
irginia _ _ _ _ -... 6,123 8,462 51.5 6,937 : 114.0 
est Virginia 154,484 57,005 86.9 158,822 : 51.0 
Wyoming ..............- -.... 816,123 533 33.7 328, 768 134,795 41.0 
Total 20, 108, 661 8,945,062 44.5 19,952,438 11,571,776 58.0 


5 production of natural gas represents gross withdrawals less gas used for repressuring and quantities vented 


Source: Figures based on reports received from State agencies. 


Table 20.—Average wholesale prices for 14 large cities and adjacent areas 


(Cents per Mcf) 
Standard metropolitan July 1, gr 1, July 1, July 1, July 1, July 1, July 1, 
Statistical area 1970 1971 1972! 1973! 1974! 1975! 1976! 

Baltimore .....--------------------.-.-.-. 43.98 52.60 53.22 54.51 65.21 96.40 108.34 
Bostoernn 65.76 76.17 76.73 83.61 114.10 133.14 185.31 
I Sasu aaa 8 81.93 36.04 86.65 44.16 .66 9.69 
Cleveland _ _ ---- 49.09 52.90 52.14 62.72 73.12 92.77 
Detroit... unu Se 39.91 41.48 47.34 51.21 58.51 82.14 107.34 
Los Angeles 34.63 38.78 40.74 42.25 50.53 74.57 82.09 
Minneapolis-St. Paul! 36.80 42.59 45.14 52.03 55.67 67.93 92.34 

Newark (and New Jersey suburbs of 
New York) )))) 43.45 41.18 53.61 56.91 711.02 97.84 116.88 
New York ............-------------.-.-΄΄-- 42.51 45.98 51.93 54.17 71.64 93.78 112.98 
Philadelphia ________________-_- 43.42 46.90 53.28 56.64 76.53 95.80 117.25 
Pittsburgh ~- ---------------------- 43.44 49.78 49.26 48.24 65.07 75.30 93.65 
St. Louis (Missouri portion only) -.... -.--. 81.26 41.62 49.87 53.96 61.18 .28 98.81 
San Fransi FFF 33.67 35.17 36.52 39.24 49.01 94.27 127.04 
Washington, DCC - 51.06 61.64 60.29 59.74 71.60 103.51 118.11 


1Reflects contingent rates in effect subject to subsequent roduction and refunds as of July 1, of year indicated. 
3Deliveries are not at city gates. Distributors must transport from State lines (California-Oregon and California- 
Arizona). 


Source: Federal Power Commission. 
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Table 21.—Average price of residential heating gas by area 1969-77 


(Dollars per 10 therms) 
Standard metropolitan Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- 
y: uary uary 

statistical area 199 1970 1971 192 1978 1974 1978 1976 1977 
i 0.824 0.824 0.824 009 1.107 1.117 1218 1.411 1.658 
Baltimore 1.265 1.332 1.821 1.518 1.518 1.564 2.017 2.409 2.544 
Boston __________________ 1.496 1499 1.568 1802 1.814 2.108 2588 3.155 9.548 
Buffalo 905 982 1.028 1.218 1.223 1461 1854 1.947 2.577 
Chicago-Northwest Indiana .895 965 1.021 1110 1180 1.207 1.432 1628 2150 
Cincinnati _______________ _ 152 799 812 943 974 992 1.328 1.555 2.297 
Cleveland 7382 747 858 896 .988 928 1.229 1.405 1710 
Dallas - 75⁵ 841 .849 863 .890 888 914 1512 2.045 
Detroit __ ꝛ ꝛůͥp 850 866 873 953 998 1.155 1.350 1.869 221 
Houston 871 816 928 957 1.000 1.042 1.499 2.229 2.821 
Kansas City __ ---- 609 681 669 717 120 771 929 1.058 1.449 
Milwaukee 1101 1.247 1.272 1350 391 1446 1.575 2.157 2.602 
po Paul 851 87 913 998 1.078 1.119 1.354 1.439 1646 
New York-Northeast New Jersey __ 1.299 1320 1363 1.568 1.660 1887 2298 3.015 3.510 
VV 880 1.381 1.430 1.459 1.531 1.714 2.009 2.380 2.506 
FFC 845 880 .970 1.018 1.064 1.144 1.418 1.607 1.874 
Pr vk sz as N .916 ‘979 1.098 1.097 1.178 1.454 1.654 1.878 
San Francisco-Oakland ________ 610 .622 714 762 840 920 1.291 1.530 1.657 
MEM CR = = 1.1 1159 1.159 1.249 1.270 1.530 1886 2421 2.634 
Washington, DCC 1.315 1.862 1.360 1.505 1.569 1.599 2.149 2.482 3.060 
Average 844 874 920 1010 1.047 1.133 1.379 1.943 2.819 


Source: Bureau of Labor Statistics, Monthly release, Retail Prices and Indexes of Fuels and Electricity" table 7; U.S. 
average table 2. 


Table 22.—Liquefied natural gas (LNG) exports, in 1976: 


Phillips Marathon Total 
Petroleum Co. Oil Co. Exports 
Volume shipped 
| 2 p Sun y RENE ONE PE 42 US. gallons_ _ 10,086,251 4,229,586 14,265,837 
Mcf equivalent at 14.73 psia _ 84,998,822 14,780,647 49,779,469 
Average Btu per cubic fee!!! 1,010 1,010 1,010 
Value: 
Total W ee eee eS eee 58,645,046 24,119,118 83,424,159 
Average priſſ/ſee -. -.-..---..-..-- cents per Mcf 167.56 167.65 167.59 


1 All shipments were to Japan from Port Nakiski, Alaska. 
Source: Federal Power Commission. 
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Table 25.—Liquefied natural gas 
(LNG)imports, 1976: 
Volume received: 
TA eer on barrels _._____________ 2,917,505 
Mcf equivalent at 14.73 pa 10,155,340 
Average Btu per cubic foot ________~_ 1,062.7 
ue: 
Total dollars 7,856,718 
Average price cents per Mcf ________ 77. 
1 All shipments were from Algeria to the Distrigas Co 
terminal at Everett, Mass. L 
Source: Federal Power Commission. 
Table 26.—Natural gas: World production by country 
(Million cubic feet) 
1974 1975 1916} 
Country! Gross Marketed Gross Marketed Gross Marketed 
produc- produc- produc- produc- produc- produc- 
tion? tion? tion? tion? tion? tion? 
North America and 
Caribbean 
Barbados 590. 85 *125 120 *158 *152 
Canada ... 8,497,225 8,045,506 8,506,128 8,089,531 *3,563,760 8,067,853 
Cuba _____________ 4930 671 è] 883 è] 
Mexiko 744.673 560,911 786,469 583,885 771,785 577,984 
Trinidad and Tobago 128 294 168,457 126,490 62,990 137,959 78, 559 
United States 22,849,798 21,600, 522 21,108, 530 20, 108, 661 20,948,778 19,952,438 
South America: 
Argentina 332,839 255,148 862,860 211,639 414,592 *259,000 
Bolivia _.__________ 144,128 539 137,297 60,092 153,952 61,766 
Brazil! r52, 17,587 57,871 r €24,720 57,704 °19,890 
c ωώσας 4248,687 127,508 4250,624 120,271 882 141,858 
Colombia 116,634 65,792 120, 754 65,905 117,924 66,715 
Besse eet 11,159 *1,000 10,559 *1,100 10,186 *1,100 
FFC 69,848 731,809 67,037 *85,000 ; °85,000 
Venezuela 1 639, 511 475, 969 1.342,234 450,295 1,311,892 479,807 
pe: 
Albania? __________- 57,170 7,170 57 190 7,190 57 190 7,190 
Austria 71,930 78,957 83,305 79,869 75,721 69,093 
Bolgiumm _ _ 52 246 2,246 51,816 1,816 51,211 1,211 
B μμ και 56,851 6,857 53, 8,906 e 58 900 *3,900 
Crechoslovakxia _ _ _ 534,432 84,432 532,807 32,807 533,098 83,098 
Denmark 1,084 (5 1992 (5) 1,648 (ê) 
Francde 892,697 269,414 410,249 259,844 369,319 250,450 
Germany, Eat 5278,052 278,052 5256,780 256,780 5280,000 ,000 
Germany, Wett 184,181 113,202 645,445 639,414 665,537 658,050 
Hungary 180,139 9180, 139 5183, 000 9183, 000 5214, 840 9214, 840 
Italy -------------- 5540,863 . 640,3 5514,252 514,252 5552,836 552,336 
Netherlands 2,956,707 2,956,671 53,208,428 8,208,428 9,436,171 3,486,171 
Norway 19,700 (5 106 (5 151, (5) 
Polandd 67 202,670 5210,580 210,580 5236,518 236,513 
Romania 1,074,973 1,011,518 1,176,185 1,131,770 1,095, 000 1,053,574 
Spain 5 86 589 $ 
U.S.S.R . 9,700, 000 9,201,299 10, 760, 000 10, 205, 890 11, 950,000 11,885,955 
United Kingdom? _ _ _ _ _ _ 51,230,039 1,230,039 51, 273,936 1,273,986 51 316,358 1,816,858 
18 CCC 551,100 51,100 554,843 54, 561,094 61,094 
ca: 
oT. REESE ENE E 700,251 198,502 739,874 836,628 863,051 350,778 
„CCC 500 2,400 35,000 2,800 000 2,000 
Congo (Brazzaville) _ _ _ _ _ 28,000 664 14,000 591 °13,000 533 
Egypt -- ----------—- 49,700 r €1,500 600 1,606 72,000 13,432 
Gabon_____________ 62,507 22,495 60,458 9,252 64,488 5,962 
Libya occ 425,363 9345,199 489,085 382, 633 620, 000 9505, 527 
Morocco 2,841 2,084 2,501 92,000 1,730 *1,500 
Nigeria 1,017,774 14,255 658,839 16,094 *764,000 *18,500 
Rwanda _ ---- 535 š 85 X a 56 6 
Tunisia 7,600 7,098 r €19,400 7,497 15,891 7,554 
Asia: 
Afghanistans 5113, 006 118,006 105,944 98,881 *96,000 89,805 
Bahrain 100,010 68,255 101,546 73, 343 107,464 76,931 
Banglede ss 17.241 17,223 533,000 83,000 ° 535.000 *35,000 
Brune 243,811 116, 820 268,390 214,394 841,948 298,829 
Burma! |... _ €11,000 61900 9,700 600 8,500 5, 400 
| incar 1,400,000 1,200,000 1,600,000 1,400,000 1,800,000 1,600,000 
ublic of , , , , , 9 , , , 
ο ο c 67. 25,320 81,576 35, 85,108 58,784 


See footnotes at end of table. 
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Table 26.—Natural gas: World production by country —Continued 


(Million cubic feet) 
1974 1975 19165 
Country! Gross Marketed Gross Marketed Gross Marketed 
produc- produc- produc- produc- produc- produc- 
tion? tion? tion? tion? tion tion? 
Asia: —Continued 
Indonesia 240, 000 82 812,368 126,426 
FFC 1,766,721 787,860 1,603,884 711,057 1,776,225 793,739 
iad uen m 329, 237 941,988 648 958,410 1 958,408 
Israel 2,827 52 105 2,105 52,055 2,055 
pan-?;·v 102,000 100,540 *88,000 86,026 *90,000 88,046 
Kuwait!!! 466,939 186 7 183,792 395,775 197,120 
Malaysia (Sarawak)!3 _ _ _ 973,000 r €17,000 r *88.000 r 20, 000 104,728 22,611 
NERO UNES *36,000 *1,500 r 942,000 *1,700 ; 2,000 
Pakistans 5175, 000 175,000 5164,101 164,101 5183,685 188,635 
Qatar __ te 181,905 945,909 192,005 578,010 167,088 952,124 
Saudi Arabia?! 1,670,729 *219,000 1,885,812 ,000 1,667,904 *240,000 
7 6,856 ,000 7,396 *61,060 
Taiwans 56,034 55,872 55,604 54,702 66,638 65,014 
5 4,900 2,450 4,600 2,300 5,200 
United Arab Emirates 

habi ....----- 460,995 9 432,002 938,493 508,000 ° 940,000 
Dubai 101,000 19,000 102,000 20,000 127,600 20,000 
Sharjah!!! K ) 15,000 ) 15,000 ) 
Australia 8159,39 159,839 5171,491 177,491 5209388 209,383 
New Zealand 10,647 rae *11,500 11,442 82,000 ' 80,945 
Total 157,449,350 747,178,520 56, 418, 460 47,517,774 59,300,715 49,459,213 

*Estimate. Preliminary. "Revised. ape Not available. 
1In addition to the countries listed, Thailan e G and DEOR eee. ομαδα but 


ο Com prises all marketed production ae output levala: ted, flared, reinjected for reprocessing or fi 
mar uction (see us gas ven re or re or for storage, 
p oen VF 
e er llected and utilized as a fuel or as a chemical industry raw material as well as that used for gas 
sake ie cl gas used in oilfields and/or gasfields as a fuel by producers, even though it is not actually sold. 
“Gas vented or ey is apparently not included; difference between gross production and marketed production is the 
amount reinjected into reservoirs. 


ovakia: i : (estimate) 
1976—NA; Poland: 1974—7,451; 1975—7,400 (estimate); 1976—NA; the United ie 1974—8, 991; 1975—8, 800 
(estimate); 1976—NA; Japan: 1974—9, 141; 1975—9,500 (estimate); 1976—NA. 
nan keted prod DD i small field use in Denmark, N d Sharjah, and i 
o mar uction was some in orway an in 
orway there was extraction of natural gas liquids in each year 1974-1976, 6; but available information is inadequate to 
timalo output lor 


year 

;sIncludes ο σσ ο 5 ο ο... - 

The Sabah of Malaysia reports crude oil production, presumably produces some natural gas, but 

available information is inadequate to estimate gross output levels, and no data are avallable to indicate whether or not 
any part of gross output is classified as marketed. 


Natural Gas Liquids 


By Thomas G. Clarke! and Leonard L. Fanelli? 


Domestic production of natural gas liq- 
uids (NGL) from gas processing plants in 
1976 was 587 million barrels, 8.9 million 
barrels, or 1.5%, less than in 1975. This 
fourth consecutive annual decline in pro- 
duction was attributed to a decline in the 
availability of supplies of natural gas and to 
the decreased liquids content of the gas 
processed. The volume of natural gas pro- 
cessed during the year totaled 17.72 trillion 
cubic feet, compared with 17.75 trillion 
cubic feet in 1975. The total domestic appar- 
ent demand for NGL rose to 656.8 million 
barrels in 1976, after a 3-year decline from 
the alltime high of 700 million barrels 
recorded in 1972. 

The total value of NGL production in- 
creased to $3.28 billion in 1976 from $2.77 
billion in.1975. This represented an increase 
in the average unit value to $5.59 from $4.65 
per barrel in 1975. The 1976 increase in 
value was the result of actions taken under 
the Government's pricing and allocation 
program administered by the Federal Ener- 
gy Administration (FEA). A 1976 amend- 
ment to FEA regulations permitted sellers 


of NGL to pass through increases in product 
and distribution costs to consumers. In 
general, the May 15, 1978, selling price was 
used as a reference base price to which 
allowable cost increases were added to de- 
termine lawful prices. Another change 
eliminated certain inherent inequities re- 
garding price adjustments by certain classes 
of sellers. 

Presidential Proclamation 4412, issued 
January 3, 1976, removed all fees on im- 
ported NGL products, except for naphtha 
derived from natural gas. The import rate 
for naphtha varied from 0.25 cents to 0.5 
cents per gallon, depending on the country 
of origin. 

Natural gas liquids are extracted from 
natural gas at gas processing plants. The 
lighter products, ethane and liquefied petro- 
leum gases (LPG—butane, propane, pen- 
tane, isobutane, and mixed gases) remain in 
a liquid state only under pressure or when 


αρα νεα! specialis, Division of Petroleum and. Naturel 
as. 
*Survey statistician, Division of Fuels Data. 


Table 1.—Salient statistics of natural gas liquids in the United States 
(Thousand barrels, unless otherwise noted) 


Exports 

Apparent domestic demand ...............-.---- ---- ------ ---- 
Average value at plant (dollars per barrel 
ΑΙ stocks at plants, terminals and refineries 


1972 1973 1974 1975 1976 
100,691 108,220 117,791 22, 188,654 
844,045 838,818 830,155 821.141 803,712 
156,450 155,880 144,129 180, 129,282 

87,030 81,510 023 21 20 
688,216 684,423 616,008 595.958 587,045 
68,829 "87,846 11,885 67,699 11,844 
11,469 "9,955 "9,038 "9,488 8,993 
700,351 697,117 "669,040 '644,186 
2.28 2.98 5.01 4.65 5.59 
84,243 98,940 114,295 124,278 117,329 


Revised. 
"Includes isopentane, plant condensate, finished gasoline, special naphtha, distillate fuel oil, kerosine, and 


us. 
3Includes 98,595,000 barrels in underground storage. 
Includes 81,768,000 barrels in underground storage. 
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Figure 1.—Map of PAD districts. 


cooled. Natural gasoline and plant conden- 
sate remain liquid at atmospheric pressure 
and may be run to fractionators for the 
production of naphtha, jet fuel, kerosine, 
distillate fuel oil, and other finished pro- 
ducts. 

Data presented in this chapter were com- 
piled from reports of natural gasoline 
plants, cycling plants, and fractionators 


that process natural gas. Plant condensate 
is included with NGL, field condensate is 
included with crude oil data presented in 
the petroleum chapter. Ethane and lique- 
fied gases recovered from crude oil refinery 
operations (such as ethane, butane, and 
propane) are classified as liquefied refinery 
gases (LRG) and are reported as refined 


petroleum products. 


DOMESTIC PRODUCTION 


Production of NGL at natural gas process- 
ing plants decreased to 587 million barrels 
in 1976, 8.9 million barrels less than in 1975. 
The output of ethane continued to increase 
for the eighth consecutive year, but pro- 
duction decreased in other NGL product 
categories. The rise in ethane production to 
about 23% of total NGL output was com- 
mensurate with increasing demand for eth- 
ane as a petrochemical feedstock, and 


improved NGL plant thermodynamic effi- 
ciency. LPG comprised 52% of total 1976 
NGL production, while natural gasoline, 
condensate, and other products accounted 
for the remaining 25% of production. A 
tabulation indicating quantities and per- 
centage change in production of the various 
NGL product categories between 1975 and 
1976 follows: 
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Natural gasoline and isopentane 
Other natural gas liquide — 
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2 Natural gasoline & isopentane 
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Thou- 
sand Percent 

barrels 
ji m ua le 22 eo eh +10,709 +8.70 
PE PLY OCR οκ ⁵ ³ A 8 -10,959 -δ.46 
ον το ον 8 -6,470 -5.37 
EEE nae a A a e a ον -1,072 -0.08 
ROME N E 8 -1,121 -6.21 
JJ EE MERCEDES A -8,913 -1.5 


LP-gases & ethane 


e — — — - 


- 


q990205283289809 009924. 
° 


Other products 


1970 1975 1980 


Figure 2.—Production of natural gas liquids in the United States. 


At yearend 1976, the number of gas pro- 
cessing plants in operation totaled 763, 
compared with 754 a year earlier. Plants 
were located in 23 States and were owned 
and/or operated by about 180 companies. 
Production from gas processing plants was 
accounted for by Texas, 46%; Louisiana, 
14%; Oklahoma, 11%; California, 5%; New 


Mexico and Wyoming, 4.5% each; and 
others, 15%. Gas processing plant capacity 
remained almost constant at 72,610 million 
cubic feet (MMcf) per day, a decline of only 
0.150 from that of 1975. During 1976 the gas 
throughput nearly maintained the level of 
1975, declining only 0.4%, from 48,626 
MMcf per day to 48,410 MMcf per day. 


RESERVES 


The American Gas Association Commit- 
tee on Natural Gas Reserves estimated 
proved recoverable reserves of NGL in the 
United States on December 31, 1976, were 
6,402 million barrels, an increase of 184.1 


million barrels from that of 1975. This 
increase ended 8 consecutive years of 
decreasing reserves. New field and reservoir 


801] and Gas Journal. V. ΤΊ, No. 28, July 11, 1977, p. 74. 
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Figure 3.— Relative production of natural gas liquids components, 1976. 


discoveries amounted to 61.8 million bar- 
rels, principally in Texas and Louisiana. 
Extensions and net revisions were 772.9 
million barrels; Alaska accounted for al- 
most 408 million barrels, the most signifi- 


cant addition to reserves during the year. 
Of total reserves at yearend 1976, Texas 
accounted for 39% and Louisiana accounted 
for 25%. 


CONSUMPTION AND USES 


Approximately 45% of all 1976 NGL 
plant output was utilized by refineries for 
fuel or petrochemical uses. Refinery input 
of natural gas products during 1976 was 
265.45 million barrels, an increase of 2.496 
from the 1975 level. Increases were ac- 
counted for by butane, propane, butane- 


propane mixtures, and plant condensate, 
but the input of natural gasoline declined in 
conjunction with the reduced domestic out- 
put of that product. The following summary 
shows NGL product input to refineries, in 
thousand barrels: 
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Change 

Product 1976 1976 (percent) 

7% tls lore Lu Lit LI A le 8,926 4,510 +14.9 
Butane: 

(o iri" CC ð⅛˙1,. NEN 85,160 32,200 -10.0 

Normal buwagneekss S ~~ cem 056 42,179 +20.3 

Other Dial uco e aa a E E EL 13,647 14,482 +6.1 

Total τι κακο . 84,463 88,861 +5.2 

Butane-propane mixtures 1,278 1,889 +48.4 

oe ος le Loon uie ˙0wm 184,087 132,320 -1.8 

)))hh)hhhhüõãͤã³ů 00 ³ σωμα "M NP ΕΝ 

Plant condensate ....................-...-.-. -...----.-.-.-..-.-..-.-.-..-..-.. ² jð „ 85,510 37,871 +6.5 

WV. . ae hog de id ie oh e 259,819 265,451 4-24 


Total domestic demand for liquefied gases 
and ethane at gas processing plants and 
refineries in 1976, as indicated in table 11, 
was 518.97 million barrels, up about 5.796 
from a demand of 486.45 million barrels in 
1975. NGL processing plants supplied 388.2 
million barrels, or 76% of total demand; the 
remainder was LRG used in petrochemical 
manufacture, 8%, and for fuel at refineries, 
16%. 

The highest domestic demand was for 
propane (including propylene) which 
accounted for 303.84 million barrels, or 59% 
of the total. Ethane (including ethylene) 
demand was 182.71 million barrels, about 
2690 of the total. All of the ethane was 


utilized for the production of petrochemi- 
cals, primarily ethylene. According to the 
U.S. International Trade Commission, total 
production of ethylene from ethane was 22 
billion pounds in 1976, up almost 6% from 
the 20.5 billion pounds produced in 1975. 

Sales of ethane and LPG in 1976 were 
26.0 billion gallons, an increase of 1.4 billion 
gallons from the 1975 output. Propane 
accounted for 51.796 of the sales and ethane 
was 21.5%. The chemical industry was the 
largest user, accounting for 97.290 of total 
sales. Residential and commercial use was 
28.2% of sales, and 15.4% was used in 
gasoline production. 


STOCKS 


Yearend stocks of NGL and ethane at 
plants, terminals, and refineries were 
117.88 million barrels compared with 
124.28 million barrels in 1975. Included in 
the 1976 total were 81.77 million barrels in 
underground storage. The decrease in 
stocks reflected cooler than normal temper- 
atures during the fall and early winter, 
especially in the eastern half of the United 
States. Total stocks at plants and terminals 


were down 5.96 million barrels to 112.26 
million barrels, and refinery stocks fell 0.99 
million barrels to 5.07 million barrels. Eth- 
ane stocks at plants and terminals increas- 
ed 6.6 million barrels during 1976, and 
natural gasoline stocks were up 0.1 million 
barrels. However, propane stocks at plants 
and terminals declined 6.6 million barrels; 
butane, 5.3 million barrels; and condensate, 
0.2 million barrels. 


PRICES AND VALUE 


The average unit value of NGL pro- 
duction at natural gas processing plants 
was $5.59 in 1976, an increase of 20% from 
1975. Total value of NGL was $3.28 billion 
in 1976, compared with $2.77 billion in 1975. 


LPG and ethane accounted for about 70% of 
total NGL value in 1976. A tabulation of 
average values, from 1972-76, in dollars per 
barrel, follows: 


1972 1978 1974 1975 1976 
. 1.91 2.66 4. 4.26 5.26 
SEARA 3.06 3.51 6.59 5.81 6.55 
„ 3.39 3.94 6.52 5.47 5.69 
5 4.66 4.29 1.91 1.16 9.90 
„ 2.58 3.25 5.39 5.35 7.52 
8 228 298 5.01 5 


! Includes kerosine, distillate fuel oil, and miscellaneous products. 


Natural gas liquids continued to be sub- 
ject to FEA mandatory allocation and price 
controls, and the rise in prices in 1976 was 
due primarily to a passthrough of product 


and distribution costs permitted by FEA. 
Propane price data for six widely separated 
domestic areas are presented in table 17. 


FOREIGN TRADE 


Net imports of NGL increased 8% to 62.9 
million barrels in 1976 from 58.2 million 
barrels in 1975. Gross imports, consisting of 
LPG and plant condensate, increased 6% 
from 67.7 million barrels in 1975 to 71.8 
million barrels in 1976. Imports of LPG 
increased 16%, but receipts of plant conden- 
sate declined 9.5%. The increase in LPG 
imports was associated with the declining 
availability of domestic natural gas supply 
for NGL plants and colder than normal 
temperatures in the fall and early winter, 
especially in the eastern half of the country. 
The decrease in imports of plant condensate 
resulted from a shift to a higher proportion 
of lighter fractions, especially propane, in 
the feedstocks shipped from Canada to 
synthetic natural gas plants in Michigan 
and Ohio. 

Canada supplied 7496 of LPG imports and 
99% of plant condensate receipts in 1976. 


Venezuela was the source of 12% of LPG 
imports and the remaining plant conden- 
sate. Countries supplying more than 100,000 
barrels of LPG imports in 1976 were Alge- 
ria, Australia, France, the Hawaiian Trade 
Zone, Kuwait, Saudi Arabia, and the United 
Kingdom. 

Exports of NGL decreased 596 to 9.0 
million barrels in 1976, compared with 9.5 
million barrels in 1975. Small quantities of 
NGL were shipped to numerous countries, 
but 99% of the exports of NGL went to 
Mexico and Canada. Mexico, traditionally 
the largest recipient of U.S. LPG exports, 
received 9760 of the total volume, comprised 
mainly of butane-propane mixtures, and 296 
of the exports were dispatched to Canadian 
consumers. Total NGL exports consisted of 
butane, 2.8%; propane, 23.6%; and butane- 
propane mixtures, 73.6%. 


WORLD REVIEW 


In 1976 the United States and Canada 
continued as the world's largest producers 
of NGL, with a combined total of 692 
million barrels, about 66% of total world 
production. Of growing importance in the 
world export trade was the increased pro- 
duction from the Middle Eastern area, 
mainly Iran, Kuwait, and Saudi Arabia, 
which produced a combined estimated total 
of 99.6 million barrels in 1976, compared 
with 80.1 million barrels in 1975. 

The Government of Saudi Arabia and the 
Arabian American Oil Co. (Aramco) comple- 
ted the first phase of construction of several 
NGL processing centers, including a com- 
pression center at Abqaiq and a treatment 
and a fractionation plant at Ra's at Tan- 
nurah, Saudi Arabia's main export termi- 


nal. The Abqaiq plant was designed with a 
gas processing capacity of 320 MMcf per day 
from gas-oil separator plants in the Ghawar 
and Abgaiq fields. Production of 140,000 
barrels per day (bpd) of NGL will be piped to 
Ra's at Tannurah for export. The second 
phase of the $1 billion Aramco expansion 
wil be at Berri-Al Jubayl several miles 
north of the Ra's at Tannurah terminal. 
Production capacity will be 600 MMcf per 
day with an NGL recovery of 70,000 bpd, a 
smaller yield than at Abqaiq because of the 
lower NGL content of Berri-Al Jubayl gas. 
Northern Natural Gas Co. and Shell In- 
ternational Gas, Ltd. negotiated a contract 
valued at $1 billion for the sale of LPG to be 
produced from the North Sea over a 10-year 
period. This may be the first long-term LPG 
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contract negotiated around future price in- 
dices: The periodic adjustments are to be 
based upon the prices of Arabian light 
erude, the U.S. Wholesale Price Index, and 
the U.N. Index for Exports of Manufactured 
Goods from Industrial Countries. Deliveries 
are scheduled to start after January 1, 1979, 
to one of five U.S. east or gulf coast ports. 
About 3 million barrels of LPG are to be 
delivered during the first year, 7 million 
barrels during the second, and 7.9 million 
barrels annually for the remainder of the 
contract period. The LPG would be pro- 
duced from the Shell United Kingdom, Ltd. 
share of the Brent and other British North 
Sea fields. Construction of an extraction 
plant in Peterhead, Scotland, is planned for 
the gas processing. 

The world's first open sea offshore NGL 
plant was completed and went onstream at 
midyear in the Ardjuna field area of the 
Java Sea, northeast of Jakarta, Indonesia, 
The Ardjuna field is operated by the Atlan- 
tic Richfield Co. under a production agree- 
ment with Pertamina, the Indonesian State- 
owned petroleum agency. 

Pemex, the Mexican Government-owned 
petroleum agency, continued construction 
in 1976 on a large gas processing plant 
complex at Tabasco, in southern Mexico. 
When completed in 1978, it will have a 
throughput capacity of 2 billion cubic feet of 
gas per day. À sour gas feedstock will be 
processed for maximum ethane and other 
liquids by a turboexpansion process. Three 
gas-sweetening facilities were put onstream 
during the year, each with a rated through- 
put capacity of 400 MMcf of gas per day. 
The desulfurized sweet gas from these facili- 
ties is processed through two 500-MMcf-per- 
day turboexpanders for NGL extraction. 

A subsidiary of the Fluor Corp. was 
granted a contract for the design, engineer- 
ing, and construction of two identical NGL 
processing centers in Iran. The total project 
will be valued at $300 million, and each 
plant will be capable of processing 1.5 bil- 
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lion cubic feet of gas per day when comple- 
ted in 1977. Gas from the Pazanam Dome 
field, located near Agha Jari in Southern 
Iran, will be utilized in the new processing 
centers. The residue gas from each of these 
centers will be reinjected into separate 
oilfields located nearby. 

Combustion Engineering, Inc. and Mit- 
subishi Heavy Industries, Ltd. of Japan are 
to construct 13 offshore platforms in the 
Arabian Gulf for the Qatar Gas Co., Ltd. 
The platforms, for the $170 million NGL 
gathering project, will be located in the Idd 
el Shargi, Maydan-Mahzan, and Bul Hanine 
field areas, in offshore Qatar. Living quar- 
ters and production modules, including sep- 
aration, compressor, cooling, and dehydra- 
tion equipment, will be installed in each 
field. Completion of the project was sched- 
uled for mid-1979. 

The Kuwait Oil Co. recently awarded a 
contract to Kellogg International Corp. for 
the construction of gas-gathering system 
facilities. Associated gas will be collected 
from 25 gathering centers located in the 
main field areas of Kuwait, and the gases 
and field condensates will be transported to 
Mina al Ahmadi, a port on the Persian Gulf, 
for final processing in a LPG plant. The 
output of liquids will be at a daily design 
capacity of 100,000 barrels of propane, 
55,000 barrels of butane, and 41,000 barrels 
of natural gasoline. Completion of the facili- 
ties was scheduled for 1978. 

Work continued on a large NGL process- 
ing center for sour gas and condensate in 
the Orenburg gasfield on the Ural River in 
south-central U.S.S.R. Reportedly, the sec- 
ond of 10 plants planned for the complex 
was onstream at the beginning of 1976. The 
extraction process separates the sour gas 
and oondensate, dehydrates the sour gas, 
and prepares it for final low-temperature 
separation of the NGL. Each plant will have 
extraction units capable of a throughput of 
840 MMcf of gas per day. 


TECHNOLQGY 


During 1976, Halliburton Resource Man- 
agement, Inc. began operating a newly de- 
signed, low temperature NGL field recovery 
unit which extracts LPG and condensate 
from natural gas feedstocks at rates sub- 
stantially larger than conventional plants. 
The unit operates most efficiently at low 
pressures, by utilizing a vortex tube, that 
delivers more refrigeration with less pres- 
sure drop than a unit using a choke. Recov- 
ery rates from a gas stream are thus 


more efficient than from a conventional 
field processing unit. 

Elf Aquitane of France, announced a new 
hydrocracking process for the production of 
propane from butane feedstocks that uti- 
lizes a zealite catalyst which reacts with 
butane to induce hydrogenation. The pro- 
pane yield is about 90% of the butane 
feedstock, and the production of paraffins, 
methane, and ethane byproducts is also 
minimized by use of this process. 
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Table 4.—Production of natural gas 1 at natural gas processing pan and natural 


gas processed in the 


nited States by State, in 1975-7 


(Million cubic feet at 14.78 psia at 60° F unless otherwise stated) 


State 


Florida, Pennsylvania, West Virginie 
Illinois and Kentucky ___ _ 2222222222222 1œ( õe 
Kansas 


PV unable / L. a ZL L EE 


Fia peuples Wee V s ο ο το ο. 
ori ennsylvania, 7•§öĩö: d y 
Illinois and Kentucky ..........----------------------------------------------------------------- 
Kansas 


Nebraska, North Dakota, South Dakoteiů l2l2-- 


NewMexicó .— eo ee ee ee ee ee eus emet mE EE 


Total 
natural 
gas liquids Natural 
and e gas 
production processed 
(thousan 
barrels) 
608 17,918 
9,828 213,079 
6,563 136,090 
12,977 765,597 
12,047 $22, 
29,858 1,367,949 
135,522 5,881,487 
2,004 19,154 
875 ,694 
8,948 156,208 
1,910 84,468 
,408 1,037,160 
40,475 1,038,008 
291,470 6,509,132 
910 215,104 
595,958 17,748,426 
611 20,870 
8,777 216,667 
8,409 175,624 
15,644 854,064 
11,556 805,441 
80,201 ,850 
118,779 5,749,783 
4,719 151,318 
845 25,517 
4,280 149,865 
1,799 85,351 
144 1,066,104 
42,514 1,072,992 
287,092 6,253,159 
9,725 251,846 
587,045 17,717,951 
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Table 7.— Production of natural gasoline by vapor pressure and PAD district 


in the United States, in 1976 
(Thousand barrels) 
Reid vapor pressure | i I i i II ict net eret Í V i Total 
12 pounds and less ..................----------.- 351 6,193 58,471 1,924 327 67,266 
Over 12 pounds including 14 pounds 507 5,755. 18,632 1,882 842 21,118 
Over 14 pounds including 18 pounds 6 2,302 5,583 861 248 8,500 
Over 18 pounds including 22 pounds 10 800 1,148 24 635 2,117 
Over 22 pounds including 26 pounds ........ ΤΊ 2,602 6,585 441 645 10,850 
Over 26 pounds 845 8,159 6,092 1,164 2,671 13,981 
TOM. e > % choc A e LE 1,796 20,311 96,511 5,796 4,868 129,282 


Table 8.—Comparison of 1975 and 1976 natural gas liquids production and value 


) : Dollars per 
Thousand barrels Thousand dollars barrel 
Per- Per- Per- 
1975 1976 cent 1975 1976 cent 1975 1976 cent 
change change change 
LPG and ethane ______ 444,086 437,366 -1.5 1,898,890 2,298,647 +21.4 4.26 5.26 +28.5 
Natural gasoline and 
isopentane 133,824 132,752 0.8 777, 687 882,718 +13.5 5.81 6.65 +14.5 
Plant condensate _ _ _ _ _ _ 15,626 14,700 5.9 85,492 83,590 2.2 5.47 5.69 +4.0 
Finshed gasoline and 
naphtha___________ 1,084 966 -10.9 8,411 9,650 +14.7 7.76 9.99 +28.7 
Other products ............... 1,338 1,261 -5.8 7,158 9,484 +32.5 5.35 7.52 +40.6 


Total or average 595,958 587,045 -1.5 2,772,588 3,284,089 +18.4 4.65 5.59 4-202 


Table 9.—Estimated proved recoverable reserves of natural gas liquids 


in the United States, by State 
(Thousand barrels) 
Changes in reserves Reserves as of Dec. 31, 1976 
Reserves New 
nd Dec.31,  Exten- Revi field "oir natural ἃ, ce 
1975 sions sions - eris gas : 

eres discov liquids! ciated dissolved 
Alabama ------------ 251,348 -35,930 31.435 E T 241,144 231,012 4,132 
3 DORCS 2,5 407,970 NEN κ. anit 409,718 —— 409, 718 
Arkansas 8,852 4,458 oS a aie 7,279 8,520 8,759 
California 107,502 1,651 9,886 ΚΝ 85 104,895 2,118 102,277 
Colorado 61,749 14,730 1,830 De e ,956 50,787 18,169 

Florida .........- --------------- 45, -1,5 NER E m 422 i 
33 417.029 10, 081 7,349 493 98 888,078 878,902 9,176 

Kentucky __ ,681 - 1,525 45 46 41,132 41,132 

uisiana? * ...... 1,717,700 61,728 21,464 8,636 22,800 1,622,884 1,359,678 263,156 
Michigan 633 252 — = 897 j 17,316 

Mississippi |... 15,170 -1,732 1,248 603 18 18,771 9,118 ; 
Montana. 818 000 ide n = 4,6 1,731 
Nebraska 821 za s ΕΝ S 621 238 389 
New Mexico 868,563 56,231 7,826 91 57 394,098 292,781 101,317 
North Dakota . 60,011 900 "m m Ao 49,090 UE 49,090 
klahoma .-.--------- 299,155 -2,893 19,218 3,467 474 279,795 177,645 102,150 
lvania ___.__ ~~ 515 a= —— ΞΕ DNE 446 446 e 
POSER να 2,660,668 113,477 55,053 11.026 17,682 2,527,837 1, 178,612 1,849,225 
Utah 5e aaa 367 2, 872 ne Te "pn 42,488 486 42,002 
West Virginia 82,463 = 6,444 151 118 83,833 83,833 Hn 
Wyoming 67,082 3,075 1.794 100 oe 61,930 33,373 28,557 

Total 

United States 6,267,880 614,356 158,572 20,460 41,378 6,401,967 3, 857,728 2,544,239 
Gulf of Μοχίοο!................ 811,344 80,926 15, 127 4.079 17, 681 852,954 758,659 94,295 


1 American Gas Association data based on preliminary net production. 

Includes offshore. 

Reported quantities include reserves estimated from same reservoirs considered natural gas bearing based on 
electrical logs, core data, and other available engineering and geological data. 

“Included with Louisiana and Texas. 


Source: American Gas Association. 
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Table 11.—Production, stocks, and demand of liquefied gases and ethane at 
gas processing plants and refineries, in 1976 


(Thousand barrels) 


Butane- 
Ethane Propane Butane propane Isobutane Total 
à | 


Production: 
AT gas processing plants 188.654 189,614 81,970 2,557 80,171 487,866 
For fuel use m" 65,055 14,411 4,151 -. 84,228 
For chemical ue 5,639 25,646 5,630 790 2,640 40,845 
Total lxi 2 Z 139,293 280,815 101,411 8,104 32,811 561,984 
s in Konis: 
u petroleum gases 
At gas processing ts --.--- + 6,586 -6,582 -4,548 46 -1,356 
i jooned een PCC -- +203 -1 402 -1 €18 -1,813 
re gases: 
For fuel ue = -1,676 +3897 +107 — -1,172 
For chemical ue ἜΝ 41 34 +2 +2 - 
a aasan 8 = 24,768 22,668 SAI _. 47,496 
κοκ να πμ ασ es 4,166 4,221 = 8,998 
Used at refiner ies τα. 4,517 56,661 1,889 82,198 95,260 
Domestic demand: 
At gas processing plante 127,068 211,478 49,100 623 -- 888,216 
At refineries: 
For fuel ue et 66,781 14,014 4,650 -. 85,895 
For chemical uses 5,689 25,680 5,664 788 2585 40,859 
/ AAA 182,701 808,889 68,778 6,061 2,585 513,970 
Yearend stocks: i 
uefied petroleum gases: 
At processing plante 13,600 69,442 16,450 918 6,807 106,717 
Liq At rur Lite s : MORENO EIOS E 295 13 1,158 
gases: 
For fuel uss EN 9,851 2,917 172 - 6,940 
For chemical uns = 216 18 2 18 249 
Total) ( A 13,600 79,804 20,808 1,105 7,483 116,295 


(Thousand gallons) 
1972 1973 1974 1975 1976 
For export 481,698 418,152 379,596 398,496 377,706 
For use in gasoline production 8,578,106 3,869,282 21 369. 114 8,765,804 4,000,260 
For all other uses 21,888,700 22,199,048 21,588,692 20,480,690 21,586,740 
United States total 25,893,504 25,986,482 25,287,402 24,594,990 25,964,706 
B : 

à EM 4,460,442 5,016,606 5,282,444 5,231,016 5,513,694 
Propane 13,847,948 18,494,198 18,158,599 712.433, 548 18,414,507 
Butane __ -.-.------------------ 2,404,659 2,710,600 2,415,833 Το 095,876 2,071,198 
Butane-propane 

irtur ess 1.120, 651 977,644 782,316 670,750 527,841 
B cipal uses 
Y Resi ame d 
i e 8 7,845,991 7,231,085 7,019,989 7,813,023 
Internal combustion 1,479,190 1,409,802 1,809,750 1,162,896 1,169,766 
Industrial? .......... ---.--------- 1,124,268 1,094, 1,069,819 71,081,929 1,051,758 
Utility gas _..._..--------- 802,481 496 752 
e ώς 10,858,858 10,977,239 10,654,088 9,403,057 9,658,488 
Miscellaneous? __________-_- 815,568 21,182 917 702 1,860, 1,947,768 
Includes refinery fuel 
Ancludes synthetic rubber. 
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Table 14.—Refinery input of LPG, by product and PAD district 


(Thousand barrels) 
PAD district ; 
= I II III Iv V States 

1974 
Propane ____________________ Ses m 8,442 10 18 8,465 
Normal butane ________________ 233 12,137 13,578 861 2,806 29,110 
Isobutane ___________________ 36 11,685 15,927 865 2,316 80,829 
Other butanes _ _ nn; desee 78 7,216 3,089 1,928 1,489 i 13,855 
Butane-propane mii 34 61 1,982 443 488 2,958 
Total LPG __ ..... 376 81,159 87,963 8,607 7,112 80,217 

1975 

ο μμ πες 8,823 20 82 8, 

Normal butane |... 2... 91 18,192 17,989 816 8,468 85,056 
PPP ecol. 29 18,027 19,983 982 1,839 85,760 
Other butane s 48 266 2,968 2,014 1,956 18,647 
Butane-propane min SR 2 1,278 
Total LWS 164 83,533 44,983 8,635 7,941 89,662 

1976 
πανε NO 4,455 δ 4,517 
Normal butaneee 11 14,575 24,125 164 2,704 42,179 
Isobutannne _ 51 14,198 15,988 7 1,303 82,193 
Other butane s 134 : 1,251 2,594 2,881 14,482 

Butane-propane mi¶nnn Si 1,634 1 42 

Total LPG _-----------—- 196 86,526 47,403 4,200 6,935 95,260 


Table 15.—Liquefied refinery gases and ethane produced at refineries for fuel 


and chemical use, in 1976 
(Thousand barrels) 
Butane- 
States and PAD districts Ethane Propane Butane propane Total 
mixture 
District I 
New Jersey .. _ _ 21 5,550 1,176 "m 6,753 
Pennsylvania . _ _ _ _ l22-2- lu 7,185 1,136 8 8,824 
Other States MS 3,514 919 175 4,608 
Total District I ................. - -..... 21 16,249 8,231 178 19,685 
District II 
III Eae -- 10,444 99 ας 10,543 
ö ⁵ ⁰ d ΠῚ 438 201 us 
EE RG Sup ðͤ so IS ET Teo 464 3,292 336 80 4,172 
Michigan RUP ο OU MORD WOES ἔν 1 351 1 384 1,786 
gii co ncc se eue UM , ; 
ON S. oc ος ο a 8 MS 5,748 56 a 
Oklahoma __________~__ ~~~ „„ == 8, 57 147 8,690 
Other States ne 2,608 252 WWE 2,860 
Total District ili!!! 464 28,043 1,002 611 80,120 
District III: 
Alabama and Mississippi δν 1,843 1,192 897 3,982 
Louisiana: 
•öÜ;C K Au 2 sus Cs 971 9.289 1,757 2,299 14,816 
Inland -oseanen a a E M" 68 911 85 
Total Louisiana -.......--------------΄- 971 9,357 2,068 2,334 14,730 
New Mexico ooo ag 192 PE 
Texas: 
Gulf ac ο μα ο πω 8,457 19,863 9,147 443 82,910 
232 —dnò 2,758 92 ; 
Total Texas 2 -------- 8,612 22,621 9,886 535 86,714 
Total District IIl _ --- 4,643 84,302 18,191 4,102 56,238 


See footnotes at end of table. 
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Table 15.—Liquefied refinery gases and ethane produced at refineries for fuel 
and chemical use, in 1976 —Continued 


(Thousand barrels) 
ΜΡ Butane- 
States and PAD districts Ethane Propane Butane propane Total 
mixture 
District IV 
οσο ο a ³ĩðͤ 8 τος. 189 169 ο ο 808 
Montana esso nomm TM 495 136 23 654 
Ut eea aa mn 761 80 E: 841 
Wyoming ....΄-----------.-------------------------- -- 157 169 81 868 
Total District IV .. _ cc c2 A 1,552 554 60 2,166 
M LE lm 5m! . 505 10,555 4,103 596 
Total United States 5,689 90,701 822 681 5,547 124,568 
1[ncludes Delaware, New York, Virginia, and West Virginia. 
Ancludes Minnesota, Missouri, Nebraska, North Dakota, Tennessee, and Wisconsin. 
*[ncludes 2,640,000 barrels of isobutane used for petrochemical feedstocks. 
Table 16.—Stocks of natural gas liquids and ethane in the United States 
(Thousand barrels) 
ο. i 
LP gases and Natural gasolj 
e carum pr ο and Total 
vend at Total 
Date con te plants atre Grand 
ale At and At ο At termi i. 
ro- ro- ro- 
and finer- and finer- ind nals 
termi- ies termi- ies termi- ies 
mals nals nals 
Dec. 31 
1912 ο Sz 74,859 8,077 8,884 1,418 995 510 179,288 5,005 84,243 
1918 ee Sa 88,109 2,813 5,015 1,085 922 986 94,106 4,884 
1074 — 8 102,518 4,093 8, 218 1,262 641 563 5,918 114295 
E απο ο κκ C) SE 112511 4,202 4,908 1.314 140 548 118,214 i 124,278 
Jan. Bl uil 98,062 8,702 5,078 1,585 §72 506 108,707 5,148 109, 450 
. ĩͤ ας 94,920 8,878 5,199 1,297 571 782 100,690 5,957 106,647 
Mar.31 ` ___ 98,725 3.793 5,374 1.928 1. 104,687 6,796 111,483 
Apr. 300 104,000 8,671 5,808 1,746 641 1,416 109,955 6,883 116, 788 
May allo 88 110,953 4 5,533 1,796 562 117,048 7,82 
J BU e ce τον» 118,460 4,969 5,499 1,963 585 124, 1815 
July31 __ .--.- 125,584 5,816 5,560 1,555 540 131,684 7 189,521 
Aug. 31 ee ee 129,953 5,810 5,774 1,781 594 186,821 8,081 
Sept. 30 133,247 5,050 5,819 1,712 521 1,132 199, 647 7 147,541 
{κε} ecce 131,241 4,100 5,481 1,820 511 187,239 6,869 144,1 
Nov. 0 122,597 8,744 5,502 2,163 578 128,611 6,84 
Dec.31 __ _--- _ 106,717 5,081 1,618 508 1,066 112,256 5073  !117,829 


Includes 81,768,000 barrels in underground storage. 
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Table 18.—LPG' and plant condensate imported into the United States, by country 


(Thousand barrels) 
1974 1975 1976 
LPG: 
By country 
'επν,.--εἰἱ--.--ρᾱᾱ----ο----ἑ-νοκοςεἴς---ς.εὐοιος, (2) 891 2,836 
πο ο ĩ / k ies 5 Za 
Australe at EN τος. 618 
Bélgium ß . u Snel 4 es 
Brunel set ος ĩ A ĩͤ ες E 23 
DEDERE AS P sP ISIS v RS 80,884 90.296 85,189 
i ομως ο LU LE 142 1 
Gas κ —— a a d LE = € 
Hawaii Trade 2ooUbbte!?!!:k!!:!k᷑ 6 79 875 
Indonesia ³ĩðxQWAA2AAAAA ow ²⁵²Üù¹r ere TT. 8 32 62 8 
ae Rh SiN a a a DA a ace eee ot MEL καστ ο. 18 88 84 
)/Cõöĩ5—ͤ .... 8 E" 946 872 
(LU ο uS am NR 
Moroo: Ga ms u ͥͥ§ẽ˙²Ü¹⁰ʃAdAdſſſſd m 8 zu ev 16 
Netherlands __ | uo ee mmi κό» 216 me = L. 
Netherlands Antilles ............. --.---------------.-.---.-.-.-.-. 575 21 OR 
Nigeria: — 5 ] ο κος ος αρα LE 55 71 ate 
οι ενω e e Ede re DR 16 81 
Saudi ArabtidgekAaaasassssss. 1,836 8,028. 2,917 
UdeMM 7 1015 8 84 4 im 
ni I ο ολ HORE ee ee OE NER VAR 
bí O WS SS SS s -m 11,634 4,965 5,924 
Yemen eco E : . Ls eM n 1 POM ΕΡΕ 
μι σε Ümů. df μπα eee ee 44,971 40,727 47,436 
By PAD district 
District] z s u L u o ee eee DEL 5,958 6,716 6,066 
Ich; KA ³ 19,304 17,894 21,988 
District lll. 2: n ue s ως . e iesu mue 9,566 5,8386 6,778 
Dh ⁰ A eee Se S uz 5,535 5,706 5,888 
District V. S onu cura c ] A 6 u Le 4,608 5,025 6,771 
Plant condensate: 
jb ĩ⁵ðyĩ§ĩ⁊¹u ³ ⁵ ↄ A O RA S EAE EEA 31.840 26.972 24,190 
ene 524 t 
Total su uu zc eg οκ iss E ud ρωσ 82,364 26,972 24,408 
Total LPG and plant condensatk «„ 11,835 67,699 71,844 
Includes LRG. 
3 eas than 1/2 unit. 


Source: Imports of condensate as reported to the Bureau of Mines, other data are compiled from the U.S Department of 
Commerce, Bureau of the Census. 
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Table 19.—LPG' exported from the United States, by country 


(Thousand barrels) 
1916 1916 
Country Butane Butane 
Butane Propane propane Total Butane Propane propane Total 
mixtures mixtures 
κους. 383 166 (5 E 166 "m a a ὦ 
Argen EUNTES — κου νο τις -— aas 
Australia 5 ) 1 6 = 4 1 5 
Bahamas _______ ει 1 ἜΠΗ 1 (3) 8 I 8 
Canada ANANE TERAN 10 9 42 38 87 62 187 
Chile EM - ο» oe me at 1 1 
Denmark __ (3) ae (2) EN Lu 1 1 
Dominican 
c, Republic ——€ = 5 EE 8 Q οί ss @ 
Guatemala xu “3 38 6 . K E" 5 
8 in 23 2 = τς @) ο. 
uras ______ D ae es - ο κ 
Hong Kong e ac a ΚΕ (2) SN (3) (3) 
Israel m 2 pe 2 ( * 2 1 1 
Italy εκ... c (3 (2 "s 2 3) 2 
Jamaica ____ ~~ E (3) us (2) TN xs (5 
Jjapan.......-- PN 3 1 1 M == n us 
Jordon -- __ E: -- Lm (3 " (3) 
Kuwait 5 E E en ΜΝ as d 6 
ya __ Ss c __ ΚΝ - 
Mexico 351 2,126 6,711 9,188 215 2,012 6,519 8,746 
Netherlands ph s 3) oor 1 A 1 
Netherlands 
, Antilles ενος E TN M "— (3) a (3 
hmm σσ στ — 8 7 5 
Peru E: & 3 8 l = ὦ) 1 
Philippines EN oe _- -- i2 = = (3) (3) 
Rico 1 4 6 1 8 25 29 
Samoa E DN b mE E (3 ed 3 
Saudi Arabia ---- -- E: e Hs "s E 4 4 
Republic o is 2 s 2 1 (8) 1 
Spain ns (2 ae (2 = = e = 
Thailand mE de —— ae i (3) τ 6 
Turk Islands iS a BS ον ο 1 s 1 
Venezuela -- N (3) 1 1 3) 1 3) 1 
Virgin Islands 51 l 7 59 = | 1 : 
Total 584 2,150 6,754 9,488 256 2,118 6,619 8,998 
Data includes LRG. 
2 Less than 1/2 unit. 


Source: U.S. Department of Commerce, Bureau of the Census. 
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Table 20.—Natural gas plant liquids: 


(Thousand 42-gallon 
1974 
Natural 
Country! ^ 
ii Propane Butane Subtotal pene Total Propane 
other 
North America: 
J 83,035 121,775 54,810 59,504 114,814 

Mexico? —— MP" A NA 23,484 4,982 28,416 NA 

Trinidad and Tobago NE ΜΗ e 

United States 206,539 123,616 830,155 285,943 616,098 200,578 
South America: 

nA caches 1,433 1,525 2,958 476 8,434 1,589 

Bolivia NA NA 65 43 NA 

Brazil? |... ur ΜῈΝ PEN 1,699 1,699 

Chillen 1.884 «208 8,037 1,962 4,999 1,780 

Colombia 718 1.986 1,888 8,324 2,811 

„„ NA NA 63 109 172 NA 

PATI. e se 210 5 215 458 668 NA 

Venezuela? _________ NA NA 21,521 9,075 80,596 NA 

pe: 

Austria ΠΗΡΕ -- ue *220 *220 . 

Czechoslovakia .... - -.... .. ΝΑ ΝΑ ΝΑ 29 ΝΑ 

3 11,814 ΤΙ 922 73,736 73.989 "7,675 1,651 

Germany, Wet NA NA 58 76 NA 

Hungary ----------- NA NA 71,032 751 71,783 NA 

Italy .—— noz ΕΙ ΠΝ com 615 615 PE 

N lands d μπε ee 1,074 1,074 EN 

Poland NA NA 46 NA 

Romania NA NA NA 3,900 3,900 NA 

USSR*? ~~ NA NA NA NA 83,000 NA 

United Kingdom NA NA NA 8,059 8,059 NA 

Yugoslavia ....--------- NA NA 577 NA 

p tag „ NA NA 700 11.400 12,100 NA 

ibya ..--------.--- 835 1,888 2,223 4,119 NA 

Tunisia __ _ TM ME ae Sa = = me 
Asia: 

Afghanistan? ......... -..... ΝΑ ΝΑ ΝΑ Ν 5 NA 

Bruni 155 N 81 186 2,514 2,700 182 

urma ....-------.------------ NA NA NA N *10 m 
Indonesia NA NA 12 NA 
μικρες ΝΑ ΝΑ 97,400 95,700 *18,100 8,290 
lag πμ NA NA NA NA 2,8 NA 

Japan .........-.---------------- NA NA 172 NA 

Kuwait NA NA 14, 500 r *5,650 r 20, 150 NA 

Pakistan ...........- -.-.------- ΝΑ ΝΑ ΝΑ ΝΑ 

ar caches ΕΕ τις. MN NA 
udi Arabia . _ NA NA “91,800 *11,700 *49,500 NA 

Taiwan 381 258 639 
Oceania: 

Australia? __________ NA NA 14,000 8,800 17,800 NA 

New Zealand 13 12 25 NA 25 NA 

Total? ___ rn 7241,017 7152,953 1521, 400 424,514 71,031,239 246,361 

Estimate. Preliminary. Revised. NA Not available. 

In addition to the countries listed, the Pons Republic of China may also Τ᾽ gas liquids, but 
information is e pir to make reliable estimates of output levels. Every n made pe include i in this table 
only those nat tacitis including vel lr pice τοὶ. gh tun DAD Every effort has been ma liquids obtained from 
field treatment facilities including wellhead separators, because sri elige ima i Ε΄ 
are in statistics on crude οἱ] output. In some cases, however, sources whether data presented 

only 5 natural gas 6•IF5Fß„ß Paid odere "d απο of the figures in thie 
able nasi ude field condensate. this appears to be the case, the country been so footnoted, but it may also 
be true in the case of other countries. 

AT ΤΡ field condensate. 

FCC νᾶ... us ct aome 
total of butane and gas pam liquids are reported in sources, and insufficient 
', le to estimate the e totala by indi vidual tyes: Summation of totals of propane and butane 
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World production by country 
barrels) 
1975 19165 
Natural Natural 
Butane Subtotal Lane πρὶ Propane Butane Subtotal ane Total 
other other 
22.411 56,643 55,463 112,106 84,016 22 451 56,467 48,516 104,983 
NA 26,897 5,168 82,665 NA NA 6,441 20,718 84,154 
120,568 821,141 274,817 595,958 189,614 114,098 303,712 283,333 587,045 
1,687 8,226 472 8,698 1,802 9010 8812 6175 4281 
144 NA A 217 
B 1,931 1,931 x M *2,000 2,000 
1.205 2.985 1,696 4,681 1,755 1,182 1,604 4,491 
9,545 1,324 4,869 8,041 3,707 1, 4,801 
N 139 192 NA NA 128 178 
NA NA NA 664 NA NA NA NA 
NA 18,904 10,131 29,085 9,270 8,251 17,521 1,544 25,065 
2s __ 182 182 P 2 -- 191 191 
NA NA 29 29 
1,847 9,498 4,042 1,540 1,613 1,782 8,895 8,956 7,351 
N 46 88 84 ΝΑ 
ΝΑ 846 1,299 2,145 NA NA NA NA e2 600 
on di 408 MR MR NE 405 
m fe. 1,463 1,468 "M ps Md 1,663 1,668 
NA 58 285 NA NA NA NA 400 
NA NA rg 990 rg 990 NA NA NA NA 3,900 
NA NA NA f NA NA NA NA 100,000 
NA NA NA 1,691 NA NA NA Α 668 
ΝΑ 622 184 756 NA NA *626 6141 7773 
NA 788 17,100 17,900 NA NA NA NA 18,000 
NA NA NA *6.000 NA NA NA NA *1,000 
NA NA NA 15 =o = -- 9 
11 143 2.963 8,106 141 8 144 4,604 4,748 
_ as 11 ΝΑ ΝΑ ΝΑ 10 
1 98 ΝΑ ΝΑ ΝΑ ΝΑ 70 
8,705 6,995 5,081 12,026 8,170 8,678 6,848 5,288 12,126 
NA NA 1,687 955 264 
NA 87 NA NA 298 31 
NA 12,876 4,532 17,408 7,711 6,882 14,548 5,805 19,848 
NA N NA re A NA NA eg 
NA 1,600 900 2,500 NA NA NA NA 
NA *39.400 *11,300 *50,100 NA NA NA NA 61,628 
205 558 176 184 391 238 629 214 849 
ΝΑ ΝΑ ΝΑ 719,300 NA NA NA NA 22.700 
NA NA 84 84 NA NA 52 84 86 


152,378 501,202 405,880 1,027,389 252,524 161,136 423,026 395,888 . 1,047,812 
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Nickel 


By John D. Corrick? 


There was a gradual improvement in 
demand for nickel during 1976; however, 
the supply of nickel proved more than 
adequate, as newly developing projects 
gathered momentum in Australia, the Phil- 
ippines, Botswana, and the United States. 
At yearend, nickel remained in oversupply, 
and some major producers were cutting 
back production or continuing to operate 
below capacity. 

U.S. nickel consumption increased 11% 
in 1976 over that of 1975; however, stocks of 
consumer-held nickel remained at a rela- 
tively high level. A surge in consumer-held 
Stocks in the second half of the year could 
be attributed to nickel purchases being 
made in advance of price increases. Ferro- 
nickel increased its share of the total U.S. 
market in 1976 at the expense of pure 
unwrought nickel and recovered that share 
of the market that was lost in 1975. The 
pattern of nickel consumption remained 
essentially unchanged in 1976 from that of 
previous years. 

The price of pure nickel was increased by 
2] cents per pound on October 1; however, 
the old price of $2.20 per pound prevailed 
until 1977 for major consumers of nickel. 


Similar price increases were announced for 
domestically and foreign produced ferro- 
nickel at about the same time. Near year- 
end, most major nickel producers were 
offering class II products at prices reduced 
from those announced in October on firm 
orders for delivery during the first quarter 
of 1977. 

World trade in nickel picked up during 
1976 in line with the gradual increase in 
demand. Imports of nickel into the United 
States in 1976 increased 17% compared 
with 1975 imports. Leading suppliers of 
nickel to the United States, in descending 
order, were Canada, Botswana, Norway, the 
Dominican Republic, New Caledonia, and 
the Philippines. 

Legislation and Government Pro- 
grams.— During 1976 a bill was passed and 
signed into law closing the Glacier Bay 
National Monument in Alaska to new min- 
ing claims and effectively placing all exist- 
ing mining claims under tight regulations, 
to be administered by the U.S: Department 
of the Interior. 


1Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient nickel statistics 


(Short tons, contained nickel) 
1972 1973 1974 1975 1976 
United States: i] 
Mine production!  .................--.-΄-΄- 16,864 18,272 . 16,018 .. 16,987 ^ 16,469 
Plant production: | . | 
ο ον eee ESAE 15,731 13, 895 14.098 14. 343 19,869 
dary o o e cathe t de 926 32,629 20,930 17,880 18,278 
Exports weight) u μα 8 21,671 070 90,442 30,121 47,561 
Imports for consumption 178,978 190,418 220,655 160,507 188,147 
Consumption 159,286 ` 197,723 ‘208,409 146,495 162,927 
Stocks, Dec. 31: Consumerrr -.-.. 26,260 28,159 45,291 85,485 81,596 
Price s omn cuc E cents per pound 133-158 153 153-201 201-220 220 
World: Mine production 673,817 792,588 849,257 867,943 886,337 
"Revised. 
1Mine shipments. 
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DOMESTIC PRODUCTION 


Domestic production of nickel was on the 
increase as output at the AMAX Inc. nickel 
refinery at Port Nickel, La., continued to 
rise. According to the company's annual 
report, nickel production reached 20,000 
short tons in 1976, or 50% of capacity. The 
one domestic mine, operated by Hanna 
Mining Co. at Riddle, Oreg., produced 
16,469 tons of nickel from laterite ore, as 
measured by mine shipments. Nickel re- 
covered at the Hanna smelter and bypro- 
duct nickel salts and metals produced at 
copper and other metal refineries amounted 
to 13,869 tons; part of the byproduct origina- 
ted from scrap. Exploration for nickel in 
1976 took place in the Katahdin massive 
sulfide deposit in Maine, Glacier Bay Na- 
tional Monument in southern Alaska, the 
Precambrian rocks of Wyoming, Montana, 
and Colorado, the Duluth gabbro of Minne- 
sota, and Red Mountain in California near 
the Oregon border. Officials of AMAX Ex- 
ploration, Inc. reported that work on its 
Minnamax project to evaluate copper-nickel 
mineralization near Babbitt, Minn., was 
progressing satisfactorily. In March 1976, a 
contract for sinking a 14-foot-diameter shaft 
to 1,710 feet was awarded to Centennial 
Development Co. A headframe was erected 
during the summer and shaft sinking be- 
gan. By December the shaft had reached 
670 feet and the contractor was averaging 
10 feet per day. After the shaft is completed, 
planned underground development work 
would determine the continuity of the 
copper-nickel mineralization and the min- 
ing and environmental parameters. A 
20,000 ton bulk sample would be mined for 
concentrating and metallurgical tests. Han- 
na Mining Co. reportedly acquired 5,000 


acres on Red Mountain in northern Califor- 
nia and staked mining claims on another 
3,400 acres under the control of the U.S. 
Bureau of Land Management. 

International Nickel, Inc., formed a new 
wholly-owned subsidiary, The International 
Metals Reclamation Co., Inc. (Inmetco), to 
convert specialty steelmaking waste into 
commercially useful metals. The facility is 
to be located at Ellwood City, Pa., 35 miles 
northwest of Pittsburgh, Pa., and will be 
within the U.S. Steel Corp.s industrial 
park. The reclamation unit, to be completed 
by mid-1978, will have a capacity to process 
40,000 tons per year of specialty steel mill 
waste. Flue dust, grinding swarf, and mill 
scale will be processed into a nickel- 
chromium stainless steel remelt alloy. The 
wastes currently are being discarded as 
landfill. 

Universal Oil Product Co.'s (UOP) Tucson 
Technical Development Center completed 
its pilot plant for treating lateritic ores in 
1976. The pilot plant has a nominal capacity 
of 5 tons of ore feed per day. Reportedly, 
mine-run ore can be received, crushed, 
dried and ground, reductively roasted, and 
leached to produce various commercial 
nickel products. 


Table 2.—Primary nickel produced in the 


United States 
(Short tons, contained nickel) 
1972 1978 1974 1975 1976 
Byproduct of 
metal 
refining _._. 2,505 958 8178 
pan 113,869 
Domestic 
ore 13,226 12,987 13, 220 


P cx to conceal individual company confidential 


CONSUMPTION AND USES 


The slower than anticipated recovery in 
demand for nickel during 1976 resulted in 
consumers delaying purchases of nickel 
while working off high levels of stocks. 
Stocks reached a yearly low of 42 million 
pounds at the end of June, then increased 
during the remainder of 1976 to a yearend 
level of 63 million pounds. The second-half 
surge in consumer-held stocks could be 
attributed to nickel purchases being made 
in advance of price increases. 


Ferronickel increased its share of the 
total U.S. nickel market in 1976 at the 
expense of pure unwrought nickel and re- 
covered that share of the market that was 
lost in 1975. Pure unwrought nickel ac- 
counted for 64% of the total nickel consu- 
med in 1976, compared with 6896 in 19156 
and 59% in 1974. Most of the pure nickel 
was consumed in the production of nickel 
wrought products and nickel alloys, and in 
electroplating. Ferronickel accounted for 


NICKEL 
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Table 3.—Nickel recovered from nonferrous scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons, contained nickel) 
Kind of scrap 1975 1976 Form of recovery 1975 1976 
: As metal ________________ 1,979 701 
Nickel-base ___________ — 8,123 1,691 In nickel-base alls 2,628 2,470 
77 5.222 4.189 In copper base alloyhns _ ....-... 7,082 6,565 
Aluminum-base _________ 1,251 1,499 In aluminum base allo ys 1.318 1,478 
In ferrous and € š 4,205 1,188 
Total 9,596 7,2979 In chemical F 723 921 
Nickel-base ____________ 7,825 5,372 οι //˖ů αιμα ο. 11.380 13,278 
7 875 415 
Aluminum base 84 107 
Total ——— i ee 8,284 5,894 
Grand total ___...____ _ 17,880 18,278 


Includes only nonferrous scrap added to ferrous high-temperature alloys. 


19% of the total nickel consumed in 1976 
compared with 17% in 1975 and 22% in 
1974. Principal consumption of ferronickel 
was in stainless and alloy steels. 

Domestic nickel consumption increased 


of 1975. The pattern of nickel consumption 
in 1976 was as follows: 30% in stainless and 
heat-resisting steels, 20% in other nickel 
and nickel alloys, 18% in electroplating, 
12% in alloy steel, and 6% in superalloys. 


by nearly 11% in 1976 compared with that 


Table 4.—Stocks and consumption of sal old nickel scrap in the United States in 


(Gross weight, short tons) 
Class of consumer and beginning Receipts — LLLL,Consumption G 34. — pt ri 
type of scrap of year New Old Total year 
Smelte ers: 
Nickel and nickel alloys ο... 86 6,392 1,899 4,014 5,918 599 
Nickel copper metall 260 1,877 666 1,826 $11 
Nickel silver!!! 699 2,896 359 558 2912 683 
Cu ickel! |... 90 147 n" 178 178 64 
Nickel residues 84 W W W W W 
Total ee Se uz. 880 7,169 2,565 4,674 7,299 910 
Foundries and other 
manufacturers: 

Nickel and nickel alloys ...... 164 1.962 902 831 1,783 293 
Nickel copper metall 18 296 ἘΠῚ 216 216 83 
Nickel silver! 3,095 19,148 19,254 24 19,278 2,965 
i ο ποσα ο 1,833 14,308 14,537 CEN 14,537 1,599 
Nickel residues 116 455 40 428 468 103 
777% a a 1193 2,718 942 1,595 2,477 429 
N ickel and nickel alloys _ _ _ _ _ T150 8,954 2,801 4,845 7,646 892 
Nickel copper metall 218 1,078 686 936 1,602 844 
Nickel silver’ |... . 8,794 22,044 19,618 2,511 22,190 8,648 
i ον NA PES INS 1,923 14,450 14,587 178 14,710 1,663 
Nickel residues 150 455 40 428 108 
TUR. z. L L. Z=; S, p 1573 10,482 3,507 6,209 9,716 1,889 


"Revised. W Withheld to avoid disclosing individual company confidential data; included in nickel and nickel alloys. 
1 Excluded from totals because it is copper-base scrap, although containing considerable nickel. 
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Table 5.—Nickel (exclusive of scrap) consumed in the United States, by form 


(Short tons, contained nickel) 
Form 1972 1973 1974 1975 1976 
Métal ωστε ο 110,422 121,821 - 123,996 99,693 104,374 
Ferronicke“m1l!1!1!!l1l1ln.n 22,806 36,371 45,661 25,325 31,210 
Oxide powder and oxide intern 19,315 33,257 33,617 16,680 22,198 
Salg — on Sie 8 8,939 8,668 2,026 1,751 2,437 
Othër so et es TR 2,804 2,606 3,109 3,096 2,108 
z ο mod u m sy YS 159,286 197,723 208,409 146,495 162,927 


1Metallic nickel salts consumed by plating industry are estimated. 


Table 6.—U.S.consumption of nickel (exclusive of scrap) in 1976, by use and form 


(Short tons, contained nickel) 
Commer- Nickel 
η. Ε Nickel E Oth 
pure erro- ic an er 
Use un- nickel oxide other forms Total 
wrought nickel 
nickel salts 

Steel: i 
Stainless and heat-resisting _________ 13,564 21,503 13,837 MEN 214 48,618 
Alloys (excludes stainless) 5,535 7,394 5,933 -- 261 19,123 
Superalloyye s 8,686 175 16 Mr 236 9,113 
Nickel-copper and ον Dicke alloys ______ 7,166 10 31 e 143 7,850 
Permanent magnet alloys __________._-- 4,319 1,401 TO T ΕΞ 5,790 
Other nickel and nickel alloys ___________ 29,992 344 1,701 15 416 32,528 
Cast irons o et LCS 2,022 982 507 1 1,096 4,008 
Electroplatinn gh 26,183 Ew 15 1,871 16 28,685 
Chemicals and chemical uses 1,787 2E 352 463 is 2,602 
Other uss 4,520 1 296 87 266 5,110 

Total reported by companies ` 

canvassed and estimated ________ 104,374 31,210 22,198 2,437 2,708 162,927 


Based on monthly estimated sales to platers. 
Ancludes batteries, ceramics, and other alloys containing nickel. 


Table 7.—Nickel (exclusive of scrap) in 
consumer stocks in the United States, 


by form 
(Short tons, contained nickel) 

Form 1974 1915: 19165 
Metall 25,862 19,702 18,346 
Ferronic kel 11,511 11,210 6,839 
Oxide powder and 

oxide sinter ______ 6,189 8,378 5,259 
Salt 457 564 498 
Other 1.272 631 654 

Total! 45,291 85,485 81,596 


PPreliminary. "Revised. 
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Table 8.—Consumption, stocks, receipts, shipments and/or sales 
of secondary nickel in 1976, by use 
(Short tons, contained nickel) 
Shipments Stocks, 
Use Receipts Consumption or end of 
sales year 
Steel (stainless and heat-resisting and alloy) _ 85,259 85,102 1,523 8,156 
Nonferrous alloys (super, 5 "s 
per-nickel, permanent magnet, an 
Fed, αιώνας denne 3,862 8,819 1 579 
Foundry (cast irons) .. 22 _~__~__ -...-. -. -. -. -. 48 479 ΕΝ 44 
Chemicals (catal ceramics, plating salts, and 
other chemical uses)... -. -... -. -.-. -- -. -. -. -. -..-. -. -. -. 22 26 — 5 
Total reported by companies canvassed 
an estimated _ oe dnm πα m Ae ἘΠΕ 39,123 38,926 1,524 8,783 
PRICES 


The price of pure nickel was increased to 
$2.41 per pound effective October 1; how- 
ever, the old price of $2.20 per pound 
prevailed until 1977 for the major consum- 
ers of nickel. 

The price of domestically produced ferro- 
nickel was increased from $2.16 per pound 
of contained nickel to $2.34 per pound effec- 
tive October 1. Late in November, Hanna 
announced an allowance of 8 cents per 
pound on its price for ferronickel, applica- 
ble to all firm orders for delivery during the 


first quarter of 1977. The price of foreign 


produced ferronickel was reflected in N. C. 


Trading Co.'s price increases effective Octo- 
ber 1. The new prices, f.o.b. Baltimore, Md., 
follow: FN4, $2.35 per pound of nickel con- 
tent; FNC, $2.37 per pound of nickel con- 
tent; and FN3, $2.39 per pound of nickel 
content. Near yearend most major nickel 
producers were offering class II products at 
prices reduced from those announced in 
October on firm orders for delivery during 
the first quarter of 1977. 


FOREIGN TRADE 


The gross weight of U.S. exports of nickel, 
nickel alloys, and nickel catalysts was 5896 
more in 1976 than in 1975. Exports of 
unwrought nickel in 1976 more than dou- 
bled over that exported in 1976. 

Canada remained the principal supplier 
of nickel to the United States in 1976, and 
accounted for 5896 of the total. The next 
most important sources of imported nickel, 
in decreasing order of magnitude, were 
Botswana, Norway, the Dominican Repub- 
lie, New Caledonia, and the Philippines. 


The ascension of Botswana and the Philip- 
pines as notable supply sources of nickel for 
the United States was directly related to 
their newly developed nickel industries. 
These five countries accounted for 8896 of 
the total nickel imported in 1976. Imports 
(based on contained nickel) of ferronickel 
decreased from 13% of the total imports in 
1975 to 9% in 1976, while unwrought nickel 
decreased from 67% in 1975 to 59% in 1976. 
The total of all forms imported for consump- 
tion in 1976 was 17% more than in 1975. 
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Table 9.—U.S. exports of nickel and nickel alloy products, by class 


1974 1975 1976 
Class ps Value tity. Value peus Value 
( (thou- (chert (thou- (short (thou- 
tons) sands) tons) san tons) sands) 
Unwrought ... ........ ---.---.------.-.-.------- 3,174 $11,522 6,676 $25,281 14,948 $61,226 
Bars, 3 shapes, and 
sections ___ ~~ ee 8,852 21,290 8,400 22,132 2,519 15,634 
Plates, sheets, and strip .. .. t 8,524 49,857 5,808 44,402 4,397 81,631 
Anode . l u ie y 548 2,066 275 940 331 1,598 
WIR ¿2 ba isu Da τι a a 1,117 6,056 679 4,769 769 5,258 
Powder and flakes  ........... -........ 571 6,037 429 4,515 488 6,150 
PI ⁵ĩÄ u m Su Sa pe 19 56 26 54 17 89 
Catalysts  —XÓ—— 3,477 9,143 3, 536 18,118 4,442 16,282 
Tubes, pipes, blanks, and fittings 
therefor, and hollow bars 2,908 17,226 2,333 15791 - 8,702 24,497 
Waste and craee s: 6,262 10,245 6,959 9,645 15,948 19,635 
TOUN| 2; L sumo p SS 80,442 133,498 30,121 141,302 41,561 193,995 


Table 10. —U.S. imports for consumption of nickel products, by class 


1974 1975 1976 
Class Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
ος μμ ĩ⁵ ĩ 8 $2 1,135 $41 6,706 
Unwrougnt 137,314 450,342 084 406,894 111,255 456,398 
Oxide and oxide sinternrnrn -.....- 6,449 15,081 5,063 15,172 5,932 ; 
Slurry! — ³ ð˙ ⁵ 8 42,999 96,959 23,991 63,522 33,280 98,178 
Bars, plates, sheets, and anodees 842 1,665 1517 3,272 776 4,372 
Rods and wirre 696 3,722 960 5,804 1,714 9,896 
Shapes, sections, and angle 7 46 10 81 5 16 
Pipes, tubes, and fittings ......---------.-.-- 889 2,066 265 1,961 668 6,064 
Powder .— ß Z S Z 9,816 83,344 9,749 89,828 10,046 44,687 
Flakes 55 201 23 85 135 
Waste and scra s 3, 699 8,545 2,358 5,864 2,959 4,821 
Ferronicke] ___________________ 102,430 87,255 65,046 67,813 55,721 72,181 
Total (gross weight 808,708 699,228 7216,196 609,843 228,651 719,468 
XX 


Nickel content (estimated) 220,655 XX 160,507 XX 188,147 


"Revised. XX Not applicable. | 
Mickel containing material in slurry, or any form derived from ore by chemical, physical, or any other means, and 


pme a her processing to recover nickel or other metals. 
ted from gross weight of primary nickel products. 


921 


NICKEL 


uus 2gtoeq Yyouely Ao, 

Aung / I ue) 8897]; 

Ἓ]θιοτι 19470 JO [θΧσῖα 19A0991 ο) 3utssooo1d 1eqy Άαμτηβας pue ‘SUBIU 19470 Aue Jo “[eotsKud *Teorureqo Aq 910 WOI] ΡΘΛΙΙΟΡ ULOJ Aue ur 1o *£Lrns ut [θτ19ηθτα Ἀατατε]αος-[οΥοΙΝε 
vpauvo UO} SUO) GT pus εταορο[θΟ MƏN που! SUO, /89 9 are 9161 Ut αμοάσῃ 910 “sTuopə[6O MƏN Mo [Te S gg T'[ 9394 6161 ut syrodur Ə1O, 


1}0΄96 082'€8 00681 166 56 286˙9 890˙9 181 0ἵ eLL'6 99 T1 580 Ul [9101], 
τ e E ας 8 
SR ae σα a 02 02 (ο n 0L E c uu c 12110 
që 001 LG 611 8 8 098 5101 σ8 : 007, sc D εχ. ος Ἔλα uropšury paun 
μα B -- E μα un Ts CS 990 1 LIZ ΤΕΕ ee ee 7 U U U U σσ wssn 
ad B C E EE RIA I -- 61 „ PLE πασοκ ασ pue[1ez3t 
= 2 no id a 2 805 909 199.2 JA: PODER O DDR ας Jo otjqndey *eougy ymos 
= - : = EE es ον 90148 gga Ξε u1eqjnog “ətsəpouq 
D τ M UE e» a 602 I ors T GLG 9 608 ΕΜ. 7 U 7 7 7 7 7 7 7 7 U C gsəutddiTtud 
an = us m Mis αεί ¥9Z 991 816˙81 ΙΙ — dT... IE TA ΑΒΑΙΟΝ 
888 5 L 6129 491 8 = M Ng οσα Pe κ μα τς ο EUM CRUCES ,UTUOpe[er) MaN 
D ME ~~ TS (ϱ) (ϱ) (ϱ) 98 8 JJJõéò2?ILi p a πο spue[J9q39N 
912 098 -- i εν 08 τ ος 958 „ . KERN s IGE - def 
91 6L τ T 8 06 L (e) (e) του ee τν 189A “Kuwuuiən 
E Rs E E 69 06 58 n 6 rád ! u ously 
OF 9r "n ubi m i n d L4 4:] „ß as S Cas gee E EN TE n pus[utq 
E ne M s ut m ο μα 881 91 "RAD SOR 8 or[qndegg uvorumo 
L89'61 65296 68211 090΄91 5589 686 € 0829 889.7 618,7 786.64 JJV TT ap uu 
049 GEL THI 991 nu Z80'T 8121 618 T 589 6 P83 ^ C C er ersn y 
yuəyuoo Dre que quoo 111519ΑΑ 
ΙΘΧΟΙΝ 88017) [ΘΧΟΙΝ 88017) 
9761 9761 ET 3161 9161 9161 9161 9161 
1040 pus AMIS uno 
(1131944 890.13) (3431044 88018) 
191118 əptxo posee pue Quo. 89018) 
pue əptxO 1apMog WN 
COT ο. τς. στι TTP... i Peg — QN o —„—-— 
(suos 3204S) 


Ayuno» Aq , *sjonpoud [axoru Mau jo uomrduinsuoo 10] sodur gS ()—'TT AUBL 


922 


MINERALS YEARBOOK, 1976 


WORLD REVIEW 


Australia.—Western Mining Corp. Ltd. 
increased production and purchases of nick- 
el by about 9% to 47,837 tons. The increase 
was mainly due to the Windarra operation 
building up to full production. Enlargement 
of the Kalgoorlie smelter to 35,000 tons of 
nickel annually was completed during the 
year. The Kwinana refinery capacity was 
increased to 30,000 tons of refined metal 
annually. The ammonia plant at the refi- 
nery was completed. According to a com- 
pany spokesman, sales of nickel in all forms 
during 1976 were 39,381 tons, a slight in- 
crease from the 38,600 tons sold in 1975. 
Poseidon Ltd., which shares a 50% interest 
in the Windarra nickel mine and concentra- 
tor with Western Mining, experienced 
financial problems during 1976 and was 
placed in receivership in October. Collapse 
of the company was the result of increasing 
costs and a depressed nickel demand that 
restrained prices. At yearend, the future of 
Poseidon was uncertain. The Australian 
Industrial Development Corp. (AIDC), to 
which Poseidon owed some $25 million, had 
stated that it would take an equity interest 
in the venture if no satisfactory sale could 
be made. It appeared that AIDC would 
continue to put money into the Windarra 
project to insure that a future buyer for 
Poseidon’s share would be taking over a 
viable company. Windarra’s proved and 
probable reserves were estimated at nearly 
10 million tons of nickel sulfide ore avera- 
ging 1.49% nickel. 

Although stil experiencing some prob- 
lems in mid-1976, the Greenvale metallurgi- 
cal plant at Yabulu in Queensland, was 
approaching designed capacity. The Green- 
vale mine and plant generated a cash flow 
in 1976. The company was able to obtain 
this position only by virtue of debt re- 
structuring and supplemental financing 
arranged in mid-1975. Freeport Minerals 
Co., a partner in the project, reported that 
output of nickel, in the form of nickel oxide, 
amounted to nearly 10 million pounds du- 
ring the third quarter, or about 86% of 
capacity. The reason for not reaching ca- 
pacity was the shutdown of the ammonia 
plant for its annual inspection during 
August. The output of nickel and cobalt in 
mixed sulfides amounted to 1,239,000 and 
490,000 pounds, respectively, or about 69% 
of capacity. These sulfides were exported to 
Japan for refining. Reportedly, the poor 


financial performance today has been the 
result of rising Australian labor costs and 
world fuel prices. A further restructuring of 
Greenvale’s finances was announced late in 
1976. Interest payments on the company’s 
debts were scheduled to resume during the 
first quarter of 1977, but capital repayment 
has been deferred until 1979. Overall oper- 
ating capacity for 1976 was given as 80% to 
90%. 

At yearend 1976, the Premier of Western 
Australia and the joint owners in the 
Agnew nickel project, Western Selcast Pty. 
Ltd. and Mount Isa Mines Ltd., announced 
the completion of arrangements that will 
enable the project to proceed toward pro- 
duction. The facilities at Agnew will have 
an initial annual capacity to produce 10,000 
tons of nickel concentrate. Production is 
expected to begin in late 1978. The nickel 
concentrate, grading 10% to 11% nickel, 
will be freighted 200 miles north to Western 
Mining Corp.’s smelter at Kalgoorlie. 
Spokesmen for Western Mining stated that 
the two partners in the Agnew venture 
would advance a substantial part of the 
funds needed for expanding the capacity of 
the Kalgoorlie smelter. The expansion will 
enable the smelter to smelt up to 110,000 
tons per year of concentrate from the 
Agnew mine, beginning in 1979. Initially 


mining will take place in the higher grade 


shoot, 1A, which contains about 2.2 million 
tons of ore assaying 3.5% to 5% nickel. 
Australian geologists reported the discov- 
ery of a large deposit of manganese nodules 
on the ocean floor 300 miles west of the 
Australian coast in an area known as the 
Scott Plateau. Reportedly, the deposit 
covers about 230,000 square miles. The nod- 
ules are somewhat lower in grade than the 
nodules from areas of the central Pacific. 
The combined nickel and cobalt values 
range from 0.32% to 1.44% and average 
1.19%. The nodules are found at a depth of 
approximately 16,000 feet. The attractive 
feature of the Australian deposit is its close 
proximity to Fremantle, the shipping port 
for the State capital of Perth. 
Botswana.—During the year, progress 
was made toward overcoming process and 
technical problems that have plagued the 
Selebi-Pikwe copper-nickel project for the 
past 4 years. During the first 6 months of 
1976, copper-nickel matte production rose to 
16,766 tons from 7,088 tons in the compar- 
able period of 1975. At the end of 1976, 
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Table 12.—Nickel: World mine production! by country 
(Short tons, contained nickel) 


Country 1974 1975 1976P 
Albania? _______________________ Lt 6,600 6,600 6,600 
Australia (content of concentrate 150, 68 88, 91,652 
Ql λινκ μμ μπι μμ σα MR 13,042 18,314 ,866 
Brazil (content of ore·e)h)h);))h 73,898 3,516 3,400 
Burma (content οἵ speiss) |... 222222222222 1 
ο το ο ο ο ⁵ ⁵ 8 296, 600 266,957 289,348 
Cuba (content of oxide and sulfide)? eee 791,400 40,300 40,800 
Dominican Republic |... _ _ 2-2 733,620 29,652 26,896 
Finland: 
Content of concentrate ....................................... 6,352 5,957 *6,830 
Content of nickel sulfate ___________________________ 205 228 209 
Germany, Eat 2,400 F2,800 2,800 
Greece (recoverable content of ore s 31,440 31,014 80,380 
Indonesia (content of ore _~___________________________ 123,251 21,193 19,600 
Mexico (content of ore). vv 28 55 62 
Morocco (content of nickel ore and cobalt ore) 550 550 550 
New Caledonia (recoverable) ))) 148,333 146,767 117,506 
Norway (content of concentrateeeꝛʒvꝛẽeẽe „ 1591 335 «660 
FIT o em LE sped ee 359 10,472 20,723 
Poland (content of or) 2,200 F2,800 2,800 
Rhodesia, Southern (content of concentrate — 12,700 11,000 16,500 
South Africa, Republic ahh „ 24,361 22,877 24,660 
U.S.S.R. (content of ore 7138,000 T146,000 154,000 
United States (content of ore shipped) _____________________ 16,618 16,987 16,469 
Total e ᷑ ½é ́⁰d ↄ a a ere 1849, 257 867,943 886, 337 


Estimate. Preliminary. "Revised. 

!Insofar as possible, this table represents mine production of nickel, where data relates to some more highly processed 
form, the figures given have been used in lieu of unreported actual mine output to provide some indication of the 
ὡς u of mine output, and are so noted parenthetically following the country name. 

fined nickel and nickel content of oxides and salts produced, plus recoverable nickel in exported matte and speiss. 
Includes a small amount of cobalt not reported separately. 
*Nickel-cobalt content of metallurgical plant products, plus recoverable nickel-cobalt in exported ores. 


Table 13.—Nickel: World smelter production, i by country 
(Short tons, contained nickel) 


Country? 1974 1975 1976P 
66) μα ο νο ⁰¶ ⁵⁰ eoe usa 22,000 37,500 52,900 
G⁊?6éͤß ⁵ ⅛¹ d d ye te ec 2, 899 7,099 519.000 
B ο πε αλ ο ος eRe ER EODD IRE a 2,636 2,513 ; 
ο μμ αμ p 5ÉrehK71Ia n l aa, νε T220,352 196,211 193,676 
Cuba Se enu c be tenue ⁰⁰yßd kt ye 716,400 20,000 22,000 
Crechoslova ia 900 900 1,000 
Dominican Republic _______________________________ 34,400 33,100 28,219 
11Jõõĩõĩ§5˙00[ẽ ⁰ d Tiu e Sasa 7,115 1,214 8,4 
FF C" "n το 592 11,968 11,354 
Germany, East? -—— —————— s s mut 3) 3 5, s s s s Li 2,400 72,900 2,800 
Germany, Wett 161 134 143 
δουν ο ο ß ñ̃̃ ß 16,600 16,343 18,181 
0½½½!!.!!!.!!ñ1èr0 Ut ee eae L SSS 11 15,296 85, 980 102, 956 
Merio u bD ˙Üàũin ..... ⁰yß y 6 
New Caledoniaé___________________________ 22222222 174, 263 18,339 68,245 
Norway ο μπω 8 47,646 40,847 86,028 
III;; οι ⁰yd αἶνον 10,322 15,763 
Poland" ος cn ute y 2,200 το 800 2,800 
Rhodesia, Southern® _________________________________ 11,000 710,000 11,000 
South Africa, Republic ob 222r 18,700 11,000 16,500 
ni h eas ιο y 39,400 41,116 36,514 
USSR.- ³o ꝓꝓ¼... 88 7160, 000 7168, 000 176, 000 
United States: 
Byproduct of metal reſineer nd” 873 
t $14,843 913,869 
Recovery from domestic ore 13,220 
7J17ͤõͤõĩõĩrͤ“˙“ y . — 1818, 081 798, 684 833,564 


Estimate. Preliminary. "Revised. 

Refined nickel plus nickel content of ferronickel produced from concentrates unless otherwise specified. 

7In addition to the countries listed, North Korea is believed to produce metallic nickel and/or ferronickel, but 
information is inadequate for formulation of reliable estimates of output levels. 

*Includes nickel content of nickel oxide and nickel fonte in addition to metallic nickel and ferronickel. 

*Nickel content of ferronickel only (no refined nickel is produced). 

5Includes nickel content of metallurgical products exported. 

Individual figures for byproduct of metal refinery and recovery from domestic ore are withheld as company 
confidential information. 
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production was running at 7096 of capacity; 
full production was expected early in 1977. 
A scheduled shutdown for furnace mainte- 
nance, planned for mid-1976, was postponed 
until April 1977, as the plant continued to 
operate satisfactorily. 

Brazil.—Brazil has significant deposits of 
lateritic nickel. Most of the deposits are 
located in central Goiás, where total re- 
serves are estimated in excess of 200 million 
tons of ore containing 1.596 nickel. One 
project was under development in 1976, two 
others were in various stages of evaluation, 
and three others were in advanced explor- 
ation stages. Construction was well under- 
way on a $35 million first stage project of 
Cia. Niquel Tocantins. This was scheduled 
for startup in 1978. Production will be in 
the form of 5,000 tons per year of electroly- 
tic nickel; an additional 5,000-ton-per-year 
capacity is to be installed approximately 2 
years later. Nickel carbonate is to be pro- 
duced at the plant, located near the mine 
site at Niquelandia. The nickel carbonate 
will be shipped to an electrolytic plant 
being built in Sáo Paulo. 

Baminco Mineracáoe Siderürgia S.A. (BA- 
MINCO), a joint venture between INCO, 
Ltd. and a West German consortium that 
includes several steel companies and Me- 
tallgesellschaft A.G., was in the final stages 
of evaluating a nickel project located at 
Barro Alto, approximately 85 miles north- 
west of Brasilia. The project would have a 
capacity of 55,000 tons per year of ferronick- 
el containing about 22,000 tons of nickel. 
Total investment in the project was esti- 
mated at $300 million. Production could 
start as soon as 1980. The other project 
being evaluated was that of Empresa de 
Desenvolvimento de Recursos Minerais 
(CODEMIN) near Niquelandia. If de el- 
oped, the project would produce 10,600 tons 
per year of electrolytic nickel at an invest- 
ment of $140 million. 

Mineradora Montita Ltd. was exploring a 
deposit at Jussara during 1976. Companhia 
de Pesquisas de Recursos Minerais (CPRM), 
a federally owned minerals exploration 
company, was exploring two nickel deposits 
during 1976. Reportedly, if exploration re- 
sults appear to justify a project, CPRM will 
ask for public bids for development of the 
properties. The two deposits being explored 
are located at Montes Carlos de Goiás and 
Jussara. 

Burundi.—Speculation persisted during 
1976 as to the size of nickel discoveries in 
Burundi. At yearend, most interested par- 
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ties were still awaiting the results of a 
prefeasibility study, which may be com- 
pleted by mid-1977. Results of this study 
and prevailing estimates of the market 
situation concerning the current and future 
consumption of nickel should provide inter- 
ested companies with a basis for deciding 
whether to involve themselves financially 
in the development effort. Any project in 
Burundi would involve mining, metallurgi- 
cal processing, electric power supply, and 
complete infrastructure development. Cost 
of the project could approach $750 million 
by completion. 

Canada.—Mine production of nickel in 
Canada in 1976 amounted to 289,348 tons, 
compared with 266,957 tons produced in 
1975. Canada remained the leading produ- 
cer of nickel in the world and accounted for 
32.6% of the total world mine production. 
The principal producers of nickel in Canada 
were INCO, Falconbridge International 
Ltd., and Sherritt Gordon Mines Ltd. Late 
in 1975, the provincial government of On- 
tario granted the mining industry a tax 
relief of between $8 and $10 million per 
year. Under the terms of the new conces- 
sion, companies will be permitted to deduct 
foreign processing costs for tax purposes for 
a period of 5 years from the date the initial 
regulation on foreign processing was intro- 
duced. 

INCO mined a total of 19.8 million tons of 
ore having an average nickel content of 
1.41% in 1976, compared with 21.2 million 
tons having an average nickel content of 
1.40% in 1975. Nickel production by INCO 
in 1976 was reported to be 231,000 tons, 
compared with 229,500 tons in 1975. Nickel 
production was somewhat less than ex- 
pected as a result of two work stoppages at 
Thompson, totaling 14 days. The stoppages 
were in protest of the Anti-Inflation Board’s 
rollback of wage increases granted under a 
collective bargaining agreement signed on 
February 25, 1976. INCO reported proven 
reserves in Canada of 412 million tons, 
containing 6.8 million tons of nickel and 4.4 
million tons of copper. The company opera- 
ted 15 mines during 1976, 12 in Ontario and 
3 in Manitoba. Three mines were being 
maintained on a standby basis, two in 
Ontario and one in Manitoba. Mine develop- 
ment work continued during 1976 on the 
Levack East and the Clarabelle open pit 
extension. The Levack East mine is schedul- 
ed to begin production in 1983, while the 
Clarabelle, an extension of a mine that 
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previously had been in production, was 
expected to be working again by 1978. The 
Victoria mine resumed production in April 
1976. The small Kirkwood mine ceased 
production in March 1976 upon depletion of 
minable ore. Planning was completed at 
yearend on the construction of a $27 million 
ventilation system for the "75-year-old 
Creighton mine. At the Manitoba Division, 
development work continued on the three 
operating mines, Birchtree, Pipe, and 
Thompson. Construction on a new rolling 
mill in the Sudbury district of Ontario was 
started in March 1976 and was about 70% 
complete by yearend. The mill is scheduled 
to be in production by mid-1977. The rolling 
mill will direct-roll metal powders into nick- 
el and cupronickel alloy strip for primary 
use as coinage. INCO's investment in the 
mill will be about $29 million. During 1976, 
INCO opened two water treatment plants in 
the Sudbury area. The two plants were 
constructed at a cost of $6 million as part of 
a new tailings disposal facility which will 
cost a reported $36 million. The combined 
capacity of the two treatment plants was 
reported as 67 million gallons per day. 
Reportedly, INCO's Ontario division uses 
recycled water for 87% of its requirements. 
Company officials reported that nickel in- 
ventories at yearend were equivalent to a 5 
to 6 months' supply, compared with a nor- 
mal level of 2 to 3 months' supply. 

Falco and Sherritt Gordon remained the 
number 2 and 3 producers, respectively, of 
nickel in Canada in 1976. Falco continued a 
curtailment of nickel production through- 
out 1976 at its Sudbury operations. The 
East, Onaping, Fecunis, and Longvack 
South mines, the Fecunis mill, and one of 
two smelter blast furnaces remained idle 
throughout 1976. At yearend, work was 
started to reactivate the Longvack South 
mine. Ore deliveries to treatment plants 
from Falco's mines in the Sudbury area 
amounted to 3,219,000 tons in 1976, compa- 
red with 3,041,000 tons in 1975. The Mani- 
bridge mine in Manitoba produced 208,000 
tons, compared with 189,000 tons the pre- 
vious year. However, this mine will be 
closed during the first half of 1977 as the ore 
reserves become exhausted. The newly 
opened Lockerby property had reached 40% 
of capacity at yearend 1976. Falco's smelter 
operated one blast furnace and two conver- 
ters throughout the year. Oxygen enrich- 
ment of the blast air was started in Feb- 
ruary in order to increase the throughput of 
the one furnace operation. The expansion 
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program at the Strathcona mill was comple- 
ted, raising the capacity to 8,500 tons per 
day. Work on the Fraser No. 1 shaft, which 
was halted on August 21, 1975, was resumed 
in August 1976. At yearend, the shaft was 
approximately 5,000 feet below the collar, 
and plans were underway for sinking a 
ventilation shaft. The $95 million Smelter 
Environmental Improvement Program at 
the Sudbury operations was restarted in 
August. At yearend, erection of steel for the 
new smelter building was essentially com- 
pleted, the building was 5096 closed in, and 
erection of vessels for the associated acid 
plant was 50% finished. Expenditures on 
this project at the end of 1976 totaled 
$31,751,000. The construction program is to 
be completed by the spring of 1978. Falco 
reported ore reserves as being 5,694,000 tons 
lower than at the end of 1975; however, 
there was a small increase in the grade. 
Reportedly, the loss of marginal ore from 
reserves reflected increased production 
costs which were not offset by a correspon- 
ding increase in the price of metals. Ore 
reserves in 1976 were reported as 83,405,000 
tons grading 1.46% nickel (1,214,000 tons of 
nickel) compared with 89,099,000 tons grad- 
ing of 1.48% nickel (1,279,000 tons of nickel) 
in 1975. The Dumbarton mine in the Bird 
River area of eastern Manitoba, 50% owned 
by Falco, was closed down in 1976. The 
underground operations were shut down 
several years ago, but the underground 
crushing facilities at the mine were used to 
reduce ore from the open pit nearby. Ore 
already mined was expected to be cleaned 
up by mid-1976. Some 600,000 tons of ore 
had been mined from the pit, averaging 
1.17% nickel and 0.2% copper. Reportedly, 
Falco was exploring another nickel-copper 
occurrence some 8 miles northeast of the 
Dumbarton mine site. 

Sherritt Gordon announced the planned 
shutdown of the Farley nickel-copper mine 
at Lynn Lake, Manitoba. Salvage work at 
the mine was estimated to require 6 
months. The mill and surface plant were to 
be put on standby so that they could be 
reactivated if a new discovery was made 
within an economic distance of Lynn Lake. 
The major reason for the mine’s unprofit- 
ability was that the tonnage and grade of 
ore were too low to generate sufficient 
revenues to cover escalating operating 
costs. The Farley mine had been operating 
since 1953 but recently was operating at 
about 1,200 tons per day, or one-third of its 
rated capacity. The closure will have some 


926 


impact on the firm's Fort Saskatchewan 
nickel refinery, since concentrate from the 
mine would have provided about 15% of the 
refinery's feed for the next few years. 


Company 


The International Nickel Co. of Canada, Ltd. .... .. ...... 
Falconbridge Nickel Mines, Ltd 


Sherritt Gordon Mines, Ltd. 


Teck Corp. reported a new nickel-copper 
discovery 35 miles northwest of 
Ontario. Members of the exploration syndi- 
cate, each with a third working interest, 
were Teck Corp., Metallgesellschaft Canada 
Ltd., and Domik Exploration Ltd. of Japan. 
Thus far, nickel content of core samples has 
ranged from 0.6% to 2.8% with about 0.5% 
copper. Àn unusual find was announced in 
the Key Lake area of northern Saskatche- 
wan by Uranerz Exploration and Mining 
Co., then a subsidiary of Uraniz-Bergbau 
GmbH of West Germany, Inexco Oil Co., 
Houston, Tex., and Saskatchewan Mining 
Development Corp., a provincial crown cor- 
poration. The ore body, which has been 
sampled with over 173 core holes, has 
shown an average grade of 3% U. O. and 
3.5% nickel. However, grades as high as 
4590 for both minerals have been recorded. 
A mine and mill are presently under con- 
sideration but will have to comply with the 
yet-to-be defined Provincial government re- 
quirements. - 

During the year, Boliden A.B. of Stock- 
holm, Sweden, showed its faith in the Great 
Lakes nickel project by acquiring the larg- 
est single share in the company. Boliden 
bought an additional 22% of the shares in 
Great Lakes Nickel from the Canadian 
investment firm of 246051 Investments Ltd. 
Boliden expects to maintain the project on a 
Standby basis until world demand and 
prices of nickel are right for its develop- 
ment. 

Colombia.—The prospects for the 50- 
million-pound-per-year nickel project at 
Cerro Matoso starting up by 1980, appear to 
depend upon the world demand for nickel 
improving during the next few years. Pilot 
plant studies conducted at Riddle, Oreg., by 
Hanna have demonstrated the feasibility of 
using a rotary-kiln electric furnace process 
to produce ferronickel. Hanna is to be the 
manager and a co-owner of the nickel pro- 
ject for 25 years. A new Colombian corpor- 
ation, Econiquel, would hold a one-third 
interest in the project, while Compania de 
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Production, as measured by sales and 
deliveries and reported by the three princi- 
pal Canadian producers in 1976, follow: 


of Thousand 


operation pounds 
3 Deliver 880 
JJ ͤ ͤ K do mee 83,615 
* Sales 22,454 


Nicquel Colombiano S.A., a subsidiary of 
Conicol Ltd., a Delaware corporation con- 
trolled by Hanna, and the Chevron Corp. 
(20%) would control the remainder. Capital 
costs for the project are estimated at $300 
million. 

Cuba.—Construction and renovation of 
Cuba’s Moa Bay and Nicaro nickel plants 
were underway in 1976. Current plans call- 
ed for increasing the combined capacities of 
the two existing plants from 40,000 tons per 
year to 51,000 tons by 1980. Phase 2 would 
raise Cuba’s nickel capacity to about 
117,000 tons per year by 1985 with the 
addition of two new 33,000-ton plants. The 
addition of one or two more plants by 1990 
could raise the nickel production capacity of 
Cuba to 165,000 tons. Reportedly, both 
phases 1 and 2 were underway during 1976. 
Phase 2 includes the construction of a 
33,000-ton-per-year nickel-cobalt oxide 
plant at Punta Gorda, abeut 2 miles east of 
Moa Bay. A similar sized plant would be 
built 5 miles east of Moa Bay. Completion of 
the Punta Gorda facility is expected by 
1982-88 and the second facility by 1985. 
Cubaniquel is currently selling 70% of the 
Nicaro oxide and sinter output to market 
economy countries; the balance and all of 
the Moa Bay sulfide output go to Comecon 
countries. The Cubans were reported to be 
building a 246-foot dam on the Boa River to 
ensure a steadier source of water for the 
plants. Each new plant was expected to 
employ about 5,000 mine and plant workers. 
The plants will use the same ammonium 
carbonate leaching process as used in the 
32-year-old Nicaro plant, with some techno- 
logical improvements. Recovery rates are 
expected to be more than 80%, compared 
with 76% at Nicaro. 

Dominican Republic.—Falconbridge Do- 
minicana, C. por A., shipped 28,236 tons of 
contained nickel in 1976, compared with 
26,164 tons in 1975. The plant continued to 
operate satisfactorily, although at a reduced 
rate because of depressed nickel markets. 
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Metal output was about 1050 below that of 
1975. This allowed product inventories to be 
reduced to an acceptable level. Ore reserves 
at the end of 19/76, on an undiluted in situ 
basis, were reported to be 72,500,000 tons 
grading 1.65% nickel. Improvements in ore 
reserves over those of 1975 resulted from 
development drilling programs on the maj- 
or ore bodies, which included ore below the 
original open pit outline. 

Greece.—Société Miniére et Métallur- 
gique de Larymna S.A. (LARCO) obtained, 
in March 1976, Government approval for a 
$50 million improvement and expansion of 
its facilities during the next 3 years. The 
expansion would increase production ca- 
pacity from the present 15,000 tons to 27,0- 
00 tons of nickel per year and would double 
mine output. LARCO was also planning a 
subsequent $170 million investment to 
establish a second plant which will further 
increase the company's annual nickel pro- 
duction to 40,000 tons. Under the second 
stage of development, a completely new 
ferronickel plant on the island of Euboea 
is planned. Mine output will be increased to 
5 million tons per year. Completion of the 
second stage is currently forecast for 48 
months after the first stage of the program 
is completed. 

Guatemala.— Construction of facilities for 
a lateritic nickel project near Lake Izabal, 
in eastern Guatemala by Exploraciones y 
Explotaciones Mineras Izabal, S.A. was 
nearly 95% complete at yearend 1976. Min- 
ing began in 1976, and the ore was stored 
for trial runs during the spring of 1977. 
Production of nickel matte was scheduled 
for the third quarter of 1977, and the plant 
was to reach the planned annual rate of 
14,000 tons of nickel in matte in early 1978. 
The estimated cost of the project remained 
at $224 million. Financing arrangements 
were made during 1976 and were approved 
by the Guatemalan authorities. INCO is the 
majority shareholder and operator of the 
project; the government and Hanna also 
own shares in the company. Basic Resources 
International S.A. was considering develop- 
ing nickel properties it holds in Guatemala. 
One of Basic’s properties was adjacent to 
INCO’s Lake Izabal property. According to 
company officials, discussions were held 
during 1976 on the possibility of developing 
a 30,000 ton-per-year operation in the coun- 
try. The company stated a need for a part- 
nership with a major nickel producer with 
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expertise in smelting lateritic ores on a 
large scale. 

Indonesia.—Construction of stage 1 of the 
lateritic nickel project of P. T. International 
Nickel Indonesia, a majority-owned INCO 
subsidiary, was completed at Soroako on the 
island of Sulawesi at yearend 1976. Nickel 
matte was scheduled for shipment during 
the summer of 1977. Production of the stage 
1 unit was planned to be 17,500 tons of 
nickel in the form of matte. Stage 2 of the 
project included the construction of two 
additional process lines and a hydroelectric 
installation on the Larona River. These 
facilities were 40% completed at yearend 
1976. Scheduled for production in 1978, the 
second stage will increase nickel production 
to 50,000 tons per year. The capital costs for 
the entire project, including a third 55 
megawatt-generating unit at the Larona 
River hydroelectric plant, were reported as 
$850 million. Total electrical capacity will 
then be 165 megawatts. | 

P. T. Aneka Tambang's (ANEKA) newly 
constructed ferronickel smelter began pro- 
duction in March 1976. Japanese buyers 
agreed to purchase only a quarter of the 
output, contrary to earlier expectations 
that they would take all of it. The smelter 
will utilize ores that fall below export grade, 
thus prolonging the life of the mine for an 
indefinite period. The ferronickel will con- 
tain 20% to 25% nickel and cobalt. The 
smelter is capable of producing either a 
relatively expensive low-carbon ferronickel, 
which is difficult to produce; or a high- 
carbon product, for which buyers are harder 
to find. The plant cost $54.8 million and can 
process 350,000 tons per year of low-grade 
lateritic ore into 20,000 tons of ferronickel 
containing 4,000 to 4,250 tons of nickel. 
Operation of the plant will guarantee the 
survival of the nickel mines on Pomalaa, 
because the plant is based on using the 
lower grade ore that is not exportable. 
Officials of ANEKA were holding discus- 
sions at yearend 1976 with the Japanese in 
an attempt to conclude a contract for ferro- 
nickel imports during 1977. 

Α third project, P. T. Pacific Nikkel In- 
donesia, has the designed potential of pro- 
ducing 49,900 tons of metallic nickel an- 
nually, and the firm reportedly was making 
steady progress toward assembling finan- 
cing for the project. | 
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The Japanese-owned Indonesian Nickel 
Development Company (INDECO), with a 
Contract of Work on Gebe Island, informed 
Indonesian authorities that its findings do 
not show that a mining project there would 
be viable under economic conditions as they 
existed in 1976. 

At mid-1976, the Mining Department of 
Indonesia announced that no further 
foreign investment would be permitted for 
nickel mining in Indonesia. 

Japan.—The Nikko Nickel Cobalt Smelt- 
ing Co., Ltd., established in September 1975, 
began commercial production of metallic 
cobalt and nickel at Hitachi, Ibaragi Pre- 
fecture, in 1976. The facilities are capable of 
producing 3,300 tons of nickel and 1,320 
tons of metallic cobalt per year. The firm 
became the third largest producer of metal- 
lic nickel in Japan. Sumitomo Metal Mining 
Co., Ltd., began commercial production of 
nickel and cobalt at its Besshi plant, Ehime 
Prefecture, in 1976. The feed for the plant 
was from mixed sulfides imported from 
Marinduque Mining and Industrial Corp. in 
the Philippines. Plant capacity was repor- 
ted as 2,770 tons of nickel and 1,760 tons of 
cobalt per year. Both companies use a 
solvent extraction process for separating 
cobalt and nickel from the mixed sulfides. 
Shimura Kako Co., Ltd., the second largest 
producer of electrolytic nickel in Japan 
(80% owned by INCO), announced plans in 
1976 to build a new nickel electrolytic plant 
(capacity to be 11,000 tons), and a nickel 
sulfate plant (capacity of 1,100 tons contain- 
ed nickel) at its Date plant in Hokkaido by 
the end of 1978. The company will close its 
Shimura plant (present capacity 8,000 tons 
of electrolytic nickel). 

In March 1976, four Japanese ferronickel 
producers completed a $2 million, 2-year 
joint study on the production of ferronickel 
from laterites. The process includes pelletiz- 
ation of lateritic ore, followed by heating of 
the pellets in an annular vertical kiln prior 
to smelting to recover nickel. Although 
applicable to low-grade garnierite ore, the 
process has not been used in Japan. How- 
ever, Pacific Metals planned to construct a 
ferronickel plant at Niigata, capable of 
producing 19,800 tons per year by 1978; the 
plant would have the largest electric fur- 
nace (60,000-kilovolt-amperes) in Japan. Re- 
portedly, the company has invited the other 
four ferronickel producers to join in the 
project. 

The Japanese Government imposed a 
1896 tariff on metallic nickel imports, 
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unless the nickel was further refined. Nick- 
el matte imported from Canada and Austra- 
lia during the year contained about 2596 
sulfur and therefore definitely required re- 
fining. Consequently, no import duty would 
be applied under the regulations. However, 
the matte from Soroako, Indonesia, contai- 
ning only 7% to 8% sulfur, could be used 
directly in making steel. Thus, the 13% 
tariff would be applicable to the low-sulfur 
matte, unless it was further refined. 

New Caledonia.—Production of nickel 
ore in New Caledonia in 1976 was 12% less 
than that produced in 1975 and totaled 6.5 
million tons. Nickel smelter production 
decreased 13% in 1976 from that of 1915 
and totaled 68,245 tons. Ferronickel pro- 
duction decreased nearly 2896 and totaled 
42,044 tons, while matte production increas- 
ed 30% over that of 1975. Exports of nickel 
ore to Japan increased 9% in 1976 com- 
pared with exports in 1975, reflecting a 
slight improvement in the world demand 
for nickel during 1976. Exported ore aver- 
aged 2.38% nickel plus cobalt. 

During 1976, Société Métallurgique Le 
Nickel (SLN) played host to worldwide cus- 
tomers, Government officials, and journal- 
ists at the SLN facilities in New Caledonia 
and explained the firm's new projects and 
plans for meeting future demand for nickel. 
SLN had a capacity in 1976 to produce 
about 70,000 tons of nickel per year in the 
form of ferronickel and matte. SLN is to 
begin a $230 million expansion in 1977 that 
will eventually increase capacity of the 
Doniambo smelter to about 110,000 million 
tons. Ore production is to increase to about 
1.3 million tons per year at Konaona and 2.2 
million tons per year at Nepoui. The im- 
provements at Doniambo will include ore 
preparation and calcination facilities. In 
addition to the New Caledonian improve- 
ments, the company will construct a new 
nickel refinery in the Sandouville-LeHarve 
industrial complex of France to produce 
15,000 tons per year of high-purity nickel 
cathodes. Marketing of the high-purity 
nickel was scheduled for mid-1978. 

Development of the large lateritic nickel 
deposits on the north side of New Caledonia 
(Poum and Tiebaghi deposits) moved for- 
ward during 1976 when Patino N.V. of the 
Netherlands agreed to sell to the French 
state-owned Bureau de Recherches Géolog- 
iques et Miniéres (BRGM) 90% of its share 
in Compagnie Francaise d'Entreprises 
Minières Métallurgiques et  d’Inves- 
tissements (COFREMMI). COFREMMI was 
to undertake the development of the 
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deposits. Tentative plans called for the 
development of a 33,000- to 44,000-ton-per- 
year mining and metallurgy complex. The 
site would be at Koumac. Originally, BRGM 
was to complete previous studies begun by 
COFREMMI. Under BRGM's new ap- 
proach, the firm will decide the final com- 
bination of possible processes, as subm: ‘ted 
by companies interested in the project, to be 
used in conjunction with its own continuing 
studies. Reportedly, Amax and Péchiney 
Ugine Kuhlmann were interested in the 
deposits. INCO, which holds an option on a 
major share of the southeastern Goro depo- 
sits, reported it currently had no plans to 
join the study phase being conducted on the 
northern deposits. 

Japanese smelter operators were able to 
secure a 3-month delay on a nickel ore price 
increase from SLN in October 1976. 

Philippines.—Marinduque Mining and 
Industrial Corp. was still experiencing op- 
erating difficulties with its refinery on No- 
noc Island during 1976. The refinery was 
shut down from February 16 until March 14 
because of leaks in the waste-heat boiler of 
the gas plant. Other problem areas were in 
the reliability of services such as power, 
Steam, hydrogen, and carbon dioxide gases; 
the training of personnel; roaster availabil- 
ity; materials and parts availability; the 
first-stage leach circuit cooling capacity; 
and excessive consumption of ammonia. 
However, average operating capacity for 
the first 9 months of 1976 was 48%. From 
November 14 through December 17, Marin- 
duque shut the plant down for the purpose 
of installing a new boiler and for annual 
maintenance. 

A joint nickel mining project between Rio 
Tuba Mining Corp. and Pacific Metals Co. of 
Japan, on the island of Palawan, was to be 
brought onstream late in 1976. Shipments 
of ore to Japan were to begin in January 
1977. About 350,000 tons was to be shipped 
in 1977 and 500,000 tons in 1978. The ore 
would grade 2.2% nickel. 

Rhodesia, Southern.—A $24.7 million ex- 
pansion program by Rhodesia Nickel Corp. 
(Rhonickel) was completed in 1976. The 
Epoch mine started operations in January 
1976, and the electric smelting furnace at 
Bindura was commissioned in November 
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1975. A new converter at Bindura was 
brought into operation in February 1976, 
and the entire expanded refinery was com- 
missioned in mid-April. However, a slag 
runaway occured a week after the furnace 
was commissioned. The slag penetrated the 
main power station and caused a fire and 
subsequent loss of electrical power to the 
entire smelter complex. Ore grade from the 
Shangani mine north of Bulawayo was run- 
ning less than originally expected due to 
oxidation in the upper levels of the orebody. 
The ore is currently being mined by open 
pit techniques. However, an incline is being 
sunk to exploit ore reserves below the level 
at which the open pit method is no longer 
economic. At yearend, Rhonickel requested 
permission to borrow an additional R$9 
million to finance increased stocks of nickel. 

South Africa, Republic of.—Nickel oc- 
curs with platinum in the Merensky Reef of 
the central Transvaal and is recovered by 
refining a nickel-copper matte at an approx- 
imate ratio of 1 ton of nickel to 55 ounces of 
platinum metal, indicating about 0.2% nick- 
el per ton of ore. The two major producers 
were Rustenburg Platinum Mines Ltd. and 
Impala Platinum Ltd. A conservative esti- 
mate of nickel reserves in the Merensky 
Reef suggests a total of 200 million tons of 
ore containing 400,000 tons of nickel. Addi- 
tional nickel is believed to be present in the 
Bushveld Igneous Complex and specifically 
the Vlakfontein deposit west of Pilanes- 
burg. 

Growth of nickel production in South 
Africa has been erratic owing primarily to 
its direct dependence upon platinum pro- 
duction. In 1975 22,800 tons of nickel was 
produced, compared with 24,200 tons in 
1976. Data through September 1976 indica- 
ted that for 1976, 3,750 tons of nickel would 
be sold locally and 18,250 tons exported. 

U.S.S.R.—Reportedly, equipment deliver- 
ies from Finland for the nickel smelter and 
sulfur plant at Norilsk began during the 
summer of 1976. Nine tons of engineering 
material were delivered by truck to Lenin- 
grad between March and April of 1976. 
Specialty equipment would not be delivered 
until the summer of 1978. The smelter will 
have a capacity to handle 550,000.tons of 
nickel concentrate per year. 


TECHNOLOGY 


Bureau of Mines scientists reported re- 
search results on the recovery of nickel, 
cobalt, and copper from domestic laterites.? 
The report described recent progress by 
Bureau of Mines scientists on their hydro- 


metallurgical process. The process per- 


2Siemens, R. E., and J. D. Corrick. Process for Recovery 
of Nickel, Cobalt and Copper From Domestic Laterites. 
Min. Cong. J., v. 63, No. 1, January 1977, pp. 29-34. 
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mits a high metal recovery (about 90%), 
relatively low energy requirements (for re- 
duction, about 90 million Btu per ton of 
nickel recovered from laterite containing 
1% nickel; and for electrowinning, 9.6 to 
13.6 million Btu per ton of nickel) selectiv- 
ity of metals of interest, no polluting dis- 
charges, efficiency of reagent utilization, 
and recovery of high-purity metals. The 
process is also applicable to a variety of 
nickel-, cobalt-, copper-, and zinc-bearing 
oxide and sulfide ores and secondary 
sources. Two Bureau of Mines investigative 
reports on Raney nickel were published 
during 1976. The first report dealt with 
investigation of the powder metallurgy of 
Raney nickel. Factors studied included the 
typical angular particle shape in con- 
junction with aluminum present in a eu- 
tectic phase, its effect in facilitating the 
interlocking of particles, and the subse- 
quent excellent green strength after com- 
paction. The effect of compacting pressure 
on density and porosity was studied over a 
range of 37.5 to 207 meganewtons per 
square meter. Also studied was the effect of 
sintering in an inert atmosphere over the 
range of 575* to 850* C. A second Bureau 
report described the method employed to 
prepare supported Raney nickel catalysts 
by dip coating.* The studies were done in 
support of research to develop methanation 
catalysts for converting synthesis gas de- 
rived from coal to synthetic natural gas. 

Scientists at four Bureau of Mines re- 
search centers continued to carry out 
nickel-related research during 1976. Re- 
search programs included studies to deter- 
mine the potential of increasing domestic 
production of nickel by applying advanced 
technology to domestic nickel oxide and 
nickel-copper sulfide resources. Other areas 
of interest included nickel and cobalt recov- 
ery from Missouri lead ores (from both 
flotation concentrates and mattes and 
drosses), the recovery of nickel, cobalt, cop- 
per, and manganese from ocean nodules, 
and processing of the Duluth gabbro nickel- 
copper sulfide ores. The development of new 
nickel alloys and the discovery of possible 
new substitutes for nickel were also being 
investigated. 

A new high-strength, copper-based alloy 
containing nickel was developed by the 
Ampco-Pittsburgh Corp. The alloy, con- 
taining nickel, aluminum, and bronze, re- 
portedly had greater tensile strength than 
other commercial copper alloys except for 
the high-beryllium-content coppers such as 
CA825 (2% Be). Present applications of the 
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new alloy appear to be in the aerospace 
industry as bushings and bearings. Their 
greatest potential lies in alloys used to 
withstand the combined effect of corrosion 
and high mechanical demands. Other ap- 
plications include aircraft landing gear 
components, hydraulic cylinder linkage 
bushings for utility trucks used for tree 
trimmings, valves for pumps used to inject 
corrosives into rock strata to enhance oil 
flow, and safety tools and machines used in 
explosive environments (tools made of this 
alloy are sparkless). Huntington Alloys, 
Inc., developed four new alloys for use by 
the aerospace industry.* Two of the alloys, 
Inconel MA754 and Inconel MA956E, are 
based on the new technology of mechanical 
alloying. A third alloy, 903, combines high 
strength and a low, constant coefficient of 
expansion. The fourth alloy, Inconel 617, 
combines high-temperature strength and 
oxidation-carburization resistance. Accord- 
ing to a company spokesman, the new alloys 
will enable designers to achieve weight 
reductions and longer life in critical aero- 
space components. The alloys will probably 
find use in jet engines and the space shuttle. 
Another alloy introduced by  Hunt- 
ington, IN-939, is said to more than double 
the life of turbine blades used in industrial 
and marine turbines? The alloy was ex- 
pected to permit the use of cheaper, less 
refined fuel, and thus reduce operating 
costs. The advantages of a new range of 
nickel-based casting alloys, in which boron 
replaced carbon, were described, along with 
the production of wrought superalloys, their 
market, and their nuclear and chemical- 
petrochemical applications.* The effect of 
2% cobalt, 1% nickel, and 1% chromium on 
the hot-rolled microstructure and proper- 
ties of a bainitic steel containing 0.2% 
manganese, 1% silicon, 0.75% molybdenum, 
and 0.003% boron was described.» The re- 
sults showed that nickel did not appear to 
influence the microstructure, when added 


3O'Hare, S. A., W. L. O’Brien, R. B. Worthington, and J. 
E. Mauser. Powder Metallurgy of Raney Nickel. BuMines 
RI 8182, 1976, 12 pp. 

*Oden, L. L., P. E. Sanker, and J. H. Russell. Preparing 
Supported Raney Nickel Catalysts by Dip Coating. Bu- 
Mines RI 8184, 1 os pp. 

Metal . Strong Copper Alloy Subs for Beryl- 
lium Copper. r 1976, pp. 18. 

American Metal Market. Huntington Develops Four 
Nickel Alloys to Meet Needs of Aerospace Industry. V. 82, 
No. 212, Oct. 28, 1976, p. 7. 

ον. and Metal Forming. New High Tempera- 


ture Alloy. 3, No. 7, 1976, p. 214. 

5Molloy, W. J., and D. R. Green. Development Pro- 
duction and Application. Metallurgia and Metal Forming. 
v. 43, No. 7, 1976, pp. 215-221. 

*Mangonon, P. L. Effect of Alloying Elements on the 
Microstructure and Properties of a Hot-Rolled, Low- 


Carbon, Low-Alloy Bainitic Steel. Metallurgical Trans., 
v. 7A, No. 9, 1976, pp. 1389-1400. 


NICKEL 


alone, but in combination with chromium, 
it enhanced the formation of the lower 
bainitic structure. 

Yardney Electric Corp. stated that it was 
looking into development of a nickel-zinc 
battery for use in passenger cars.'^ The 
company hoped to expand the battery's 
range and acceleration capabilities with no 
increase in weight. Reportedly, the nickel- 
zinc battery had nearly double the energy 
density of a comparable lead-acid battery. 
Other companies exploring the potential of 
nickel-zinc batteries were General Motors 
Corp. and the National Aeronautics and 
Space Administration’s Lewis Research 
Center in Cleveland.! Raney nickel has 
been used as.a catalyst for hydrogen 
electrodes in alkaline hydrogen-oxygen fuel 
cells. Recent studies have shown that a 
titanium-containing Raney nickel was ca- 
pable of significantly increasing the rate of 
anodic hydrogen conversion in these fuel 
cells. The report described the properties 
of the catalyst powder, the effect of particle 
diameter, and the behavior of electrodes 
under load. Electrode kinetic parameters 
were determined for hydrogen and oxygen 
evolution at 80°, 150°, 208°, and 264° C on 
nickel electrodes in 50 weight-percent potas- 
sium hydroxide (KOH) solutions. The re- 
sults indicated that significant reductions 
in cell voltage for water electrolysis can be 
obtained at higher operating temperatures, 
and that at temperatures of about 150* C it 
should be possible to approach 100% energy 
efficiency. l 

Ford Motor Co. was exploring the deve- 
lopment of the Stirling engine for use in 
powering its future cars. Reportedly, the 
materials and technology of the Stirling 
engine were outgrowths of Ford's turbine 
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developments.“ Because of the very high 
temperatures surrounding the combustion 
chamber, nickel-based alloys were being 
employed and evaluated. 

What may be a significant technological 
development occurred with the patenting of 
a process for beneficiating low-grade later- 
ites by a combination of segregation and 
either magnetic separation or  froth 
flotation.!* The process requires that a mix- 
ture of ground ore, calcium carbonate, cal- 
cium sulfate, and coke be sprayed with a 
solution of sodium chloride, the wet mass 
pelletized, and the pellets roasted for 90 
minutes at a temperature not exceeding 
1,050° C. This converts the nickel to a 
magnetic state. The roasted pellets are 
ground in a water medium, and the suspen- 
sion is separated magnetically or by froth 
flotation to obtain a nickel-rich concentrate. 
A high level of industrial activity from 
previous years was again evident from the 
large number of patents issued during 1976. 
The patents ranged from mining through 
beneficiation to extractive metallurgy (both 
pyro- and hydrometallurgy). 


lOSmith, A. Yardney Expects U.S. $$ for Nickel-Zinc 
5 Am. Metal Market, v. 83, No. 120, June 18, 1976, 


P 

11Industrial Research. Battery Research Charges For- 
ward. V. 18, No. 18, December 1976, p. 16. 
cu MUR Κ. RO Richter, Tie E yon co 1 

ntaining icke yst for n 

in Alkaline Fuel Cell Systems. J. Electrochem. 

Soc., v. 124, No. 1, January 1977, pp. 1-6. 

13Miles, M. H., G. Kissel, P. W. T. Lu, and S. Srinivasan. 
Effect of Temperature on Electrode Kinetic Parameters 
for Hydrogen and Oxygen Evolution Reactions on Nickel 
Electrodes in Alkaline Solutions. J. Electrochem. Soc., v. 
123, No. 3, March 1976, pp. 332-336. 

14Weiner, G. A. Stirling E fine: Solution to the U.S. 
Auto Dilemma? Iron Age, v , No. 21, November 22, 
1976, pp. 53-58. 

is Nestoridia, A. (assigned to Financial Mining - Indust- 
1927 5 Shipping Corp.). DE US. Pat. 4,002,463, January 11, 

pp. 
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Nitrogen 


By Russell J. Foster! 


Domestic production of fixed nitrogen in 
1976 was 13.9 million tons, an increase of 
290 over that of the previous year. Elemen- 
tal nitrogen production rose 1590 to 10.5 
million tons. Exports of fixed nitrogen were 


up 3%; imports increased 9%. Domestic 
consumption, including net imports of 
136,000 tons, rose 7%. Consumption of elem- 
ental nitrogen was considered equal to pro- 
duction. 


Table 1.—Salient nitrogen statistics 
(Thousand short tons of contained nitrogen) 


United States: 


Production as ammonia! ____________________ 
Production as elemental nitrogen 2 ______________ 


Exports of nitrogen compounds ? 


Imports for consumption of nitrogen compounds 


Consumption * 


World: Production „„ Geet eS DES ο gee 


PPreliminary. ‘Revised. 


1972 1973 1974 1975 19165 
712,616 12,641 713,061 19,611 13,863 
7,011 "8,229 "8,814 9,142 10,508 
1,310 1,506 999 1,235 1,278 
947 967 1,154 1,296 1.414 
112,298 "12,720 712,987 12,896 13,858 
41,398 91,500 53,400 54,600 ,900 


1 Anhydrous ammonia and coke oven ammonium compounds. | 
Converted from reported volume (at 70°F and 1 atmosphere pressure) at 27,605 cubic feet per short ton. 


3Estimated, excludes elemental nitrogen. 


Includes producers’ stock change in synthetic anhydrous ammonia and coke oven ammonium compounds; excludes 


elemental nitrogen. 


Legislation and Government  Pro- 
grams.—After evaluating data submitted 
by nitrogen fertilizer producers, the Envi- 
ronmental Protection Agency (EPA) amend- 
ed its effluent guidelines and standards for 
the fertilizer industry to allow limited dis- 
charges of nitric acid by manufacturers. 
The amended regulation set limitations in 
terms of pH, ammonia and nitrate in pro- 
cess waste water based upon data from all 
identified sources of discharge, and required 
pH control over noncontact cooling water. 
The need for a separate regulation for 
special discharges or for leaks and spills 
was deemed unnecessary.? EPA also propos- 
ed amendments to the effluent guidelines 
and standards for urea and ammonium 
nitrate.* 


Α committee of the National Research 
Council Assembly of Life Sciences was stud- 
ying ammonia for its possible effects on 
public health. Major sources of ammonia in 
the atmosphere are natural processes, such 
as decomposition of organic matter and the 
release of ammonia from fertilizers. Like 
some other natural constituents of the 
atmosphere, ammonia appears hazardous 
only at high concentrations.* 


Physical scientist, Division of Nonmetallic Minerals. 

Environmental Protection Agency. Fertilizer Manu- 
facturing Point Source pis Federal Register, v. 41, 
No. 11, Jan. 16, 1976, pp. 2386- i 

3 . Fertilizer Manufacturing Point Source Catego- 
ry. Federal Register, v. 41, No. 138, July 16, 1976, pp. 
chemical Marketing Re Am Be 

mical eting rter. monia Bei 

Closer Look by NRC for Effects on Health. V. 
Jan. 19, 1976, pp. 3, 44. 
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DOMESTIC PRODUCTION 


Domestic production of fixed nitrogen, 
primarily as anhydrous ammonia, increas- 
ed 2% in 1976 to 13.9 million tons. Pro- 
duction of elemental nitrogen rose 15% to 
10.5 million tons. 

The Federal Power Commission (FPC) 
established new ceiling prices for interstate 
natural gas, effective at the beginning of 
1976. The price of old gas, defined as gas 
flowing in interstate pipelines prior to Jan- 
uary 1, 1973, was initially permitted to rise 
to 23.5 cents per 1,000 cubic feet, and on 
July 1, to 29.5 cents per 1,000 cubic feet. The 
ceiling price for new gas, that is, gas discov- 
ered or committed to interstate commerce 
after January 1, 1975, was increased by 1 
cent to 52 cents per 1,000 cubic feet. A 
second round of rate adjustments occurred 
in late July, as FPC raised the ceiling price 
of new gas to $1.42 per 1,000 cubic feet with 
a 4-cent annual escalation allowance. Gas 
discovered or committed to the interstate 
market after January 1, 1973, and before 
January 1, 1975, was permitted to go up to 
$1.01 per 1,000 cubic feet, and old gas could 
increase to 52 cents per 1,000 cubic feet as 
contracts expired.“ The FPC rulings were 
upheld by a three-judge panel of the District 
of Columbia Court of Appeals on the condi- 
tion that contracts include a refund 
provision.’ 

Canada announced a two-stage price in- 
crease of approximately 20% for natural 
gas exported to the United States. The first 
rise was implemented on September 1, 1976, 
lifting prices by 20 cents to $1.80 per 1,000 
cubic feet. The second increase became 
effective at yearend.* 

The National Weather Service forecasted 
colder-than-normal temperatures for the 
winter of 1976-77. A severe winter would 
necessitate greater demand for natural gas 
from residential users, and curtail supplies 
to industrial customers served by interstate 
pipelines. This could force shifts, where 
possible, to costlier alternate fuels, and also 
result in record losses of ammonia 
production.? 

Georgia Pacific Corp. awarded a contract 
to Pullman Kellogg for construction of a 
515-ton-per-day ammonia plant at Plaque- 
mine, La. Completion of the $45 million 
facility was scheduled for late 1978. Bypro- 
duct hydrogen from the company's adjacent 
methanol and chlor-alkali plants will be 
combined with nitrogen for ammonia pro- 


duction. Utilization of the hydrogen will 


eliminate the high energy requirement for 
reforming the more traditional natural gas 
feedstock.'° 

Construction of a second ammonia plant 
for Agrico Chemical Co. was begun by 
Pullman Kellogg at Verdigris, Okla. The 
new 1,150-ton-per-day plant was scheduled 
onstream in 1977 adjacent to a recently 
completed fertilizer complex." 

American Cyanamid Co. will complete a 
new 245,000-ton-per-year ammonia plant at 
its Fortier, La., complex by mid-1979. The 
addition will bring capacity to 625,000 tons 
per year.!? 

Α 68,000-ton-per-year ammonia plant was 
brought onstream by N-Ren Corp. at Carls- 
bad, N.M., and a 90,000-ton-per-year unit 
was started up at Taft, La., by Occidental 
Agricultural Chemical Co. Expansion of 
ammonia capacity by six other producers at 
existing plants totaled approximately 184,- 
000 tons per year.'* 

Chevron Chemical Co. awarded a design 
contract to C & I/Girdler, Inc. for a second 
ammonium nitrate plant to be built at its 
Kennewick, Wash., facility, increasing total 
capacity from 100,000 tons per year to 
233,000 tons per year. 

Farmland Industries, Inc. brought a 
70,000-ton-per-year urea plant and an 
80,000-ton-per-year ammonium nitrate unit 
onstream at Ft. Dodge, Iowa, and Dodge 
City, Kans., respectively." 

Existing urea capacity was increased by 
over 400,000 tons per year at the facilities of 
four producers. Ammonium nitrate capaci- 
ty at two plants was expanded by nearly 
100,000 tons per year, including the first 
commercial implementation of a pan gran- 
ulation process by N-Ren Corp. at Pryor, 


SChemical Marketi η FPC Raises Its Ceiling 
on Natural Gas Prices. No. 1, Jan. 5, 1976, p. 4. 

. Gas Price Tripled by FPC; Move Stayed by 
Appeals Court. V. 210, No. 5, Aur 2, 1976, pp. 3, 14. 

7 ———. FPC Move on Gas Price Is Upheld. V. 210, No. 7, 
Aug. 16, 1916, pp. 4, 53. 

. Canada Plans Increase in Its Natural Gas Price. 

V. 209, No. 24, June 14, ο... 5. 


*Chemical & Engin News. Cold Winter May Drive 
Up Plant Fuel Costa. V. 54 o. 51, Dec. 13, 1976, pp. 12, 14. 

Chemical Marketing Repo rter. Pullman Gets Contract 
for G-P Ammonia Uni 0, No. 10, Sept. 6, 1976, p. 12. 


11Chemical Week. ico To Get a Second Ammonia 
Unit at Verdigris. V. 118, No. 18, May 5, 1976, p. 9. 

l2 Chemical Marketing Reporter. Ammonia Unit on 
τος for American Cyanamid. V. 210, No. 23, Dec. 6, 1976, 


Ρ 

1 Distribution Economics Section, Tennessee Valley Au- 
thority. World Fertilizer 7 197. Ammonia, Urea, Am- 
monium Nitrate. Oct. 1 

14Chemical & Engineering Ne News. Checkoff. New Plants. 
V. 54, No. 25, June 14, 1976, p. 1 

Work cited in footnote 13. 
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Okla. 0. 

The modernization and expansion of ni- 
tric acid output at Kaiser Agricultural 
Chemicals Co.'s Savannah, Ga. complex was 
completed with the commissioning of a new 
165,000-ton-per-year unit.’7 Mississippi Che- 
mical Corp. commissioned a 300,000-ton-per- 
year nitric acid plant at Yazoo City, Miss. is 

Hercules, Inc. sold its nitrogen products 
plant at Hercules, Calif., to Valley Nitrogen 
Producers, Inc., for $22 million.’® Mobil 
Chemical Co. sold its 300,000-ton-per-year 
ammonia plant and downstream urea and 
ammonium nitrate units at Beaumont, 
Tex., to Swift Chemical Co. 

Air Products & Chemicals, Inc. began 
production of liquid nitrogen, oxygen, and 
argon at two new 300-ton-per-day facilities 
at LaSalle, III., and Conyers, (8.31 Air 
Products planned to bring two more 300- 
ton-per-day plants onstream at Pryor, 
Okla., in late 1977, and Greensboro, N.C., in 
1978, and will increase the liquid industrial 
gases capacity of its plant at El Segundo, 
Calif., to 600 tons per day by mid-1978.?? The 
company also announced the construction 
of a new unit at its LaPorte, Tex., chemical 
complex by 1979 to pipe 2,100 tons per day 
of nitrogen and oxygen to Syngas Co. of 
Deer Park, Tex., and provide 350 tons per 
day of liquid nitrogen, oxygen, and argon 
for sale in the Houston area. In addition, 
Air Products arranged to deliver 300 tons of 
nitrogen and 250 tons of oxygen per day 
from a new facility to E. I. duPont de 
Nemours & Co.'s projected titanium dioxide 
plant at DeLisle, Miss., beginning in early 
1979.2 

Union Carbide Corp. planned to construct 
an air separation plant at Fife, Wash. 
Scheduled for completion in 1978, the new 
facility will produce 260 tons of liquid nitro- 
gen, oxygen, and argon daily to ineet grow- 
ing demand in the Pacific Northwest.“ The 
company brought onstream at Burns Har- 
bor, Ind., the largest single-train air separ- 
ation unit ever built. High purity gas- 
eous nitrogen and argon will be produced in 
addition to 2,000 tons per day of oxygen for 
nearby steelmakers.?* 
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The Pace Companies will engineer and 
construct three air separation plants with a 
combined value of $70 million for Big Three 
Industries, Inc. Two plants, at Plaquemine, 
La., and Channelview, Tex., will have com- 
bined capacity of 4,200 tons per day gaseous 
nitrogen, 1,950 tons per day gaseous oxygen, 
300 tons per day liquid nitrogen and liquid 
oxygen, and 60 tons per day liquid argon. 
The same liquid nitrogen and oxygen ca- 
pacity will be added to an existing gases 
plant at Bayport, Tex. All three projects 
were scheduled onstream by fall 1977. Big 
Three also announced plans to build an air 
separation plant at Etiwanda, Calif, to 
supply liquid nitrogen, oxygen, and argon 
for the industrial gas market of southern 
California, and oxygen for steel 
production.? 

Liquid Air, Inc., announced plans to add 
nearly 400 tons per day of liquid nitrogen, 
oxygen, and argon capacity at their Union 
City, Calif., and Houston, Tex., plants. The 
$8 million project was scheduled for comple- 
tion in late 1977.78 


16Work cited in footnote 13. 


Chemical Week. Fertile Field for Fertilizer Savings. V. 
118, No. 21, May 26, 1976, p. 31 

1? Nitrogen. New Plants and Projects. No. 101, 
May/June 1976, p. 13. 

———. New Plants and Projects. Nu. 104, Novem- 

ber/December 1976, p. 14. 

19Chemical Marketing Reporter. Hercules Closes Sale of 
Nitrogen Products Unit With Fertilizer Company. V. 210, 


. No. 5, Oct. 11, 1976, pp. 7, 27. 


20Work cited in footnote 13. 

21Chemical Marketing Reporter. Air Products Starts Up 
Apos Gas Plant in Illinois. V. 209, No. 3, Jan. 19, 1976, pp. 
4, 22. 
——— Liquid Gas Plant in Ga. Running for Air Pro- 
ducts. V. 210, No. 5, Aug. 2, 1976, pp. 7, 19. 

232 — ——. Air Products 1 Gas Plant in Oklaho- 

ma. V. 209, No. 11, Mar. 15, 1976, p 

———. Air Products Slates 1 Gas Plants. V. 
209, No. 24, June 14, 1976, p. 4 

2 Chemical Week. Air Products to Supply Gas for 
Syngas Co. V. 119, No. 13, Sept. 29, 1976, p. 11. 

20 Chemical & Engineering News. Checkoff. New Con- 
struction. V. 54, No. 43, Oct. 18, 1976, p. 19. 

25Chemical Marketing Reporter. Union Carbide Plan- 
ning Tacoma Liquid Gas Plant. V. 209, No. 12, Mar. 22, 
1976, pp. 3, 35. 

26______ Union Carbide Starts 1 Oxygen Facility. 

V. 210, No. 13, Sept. 27, 1976, pp. 4. 77. 

27Chemical & Engineering News. Checkoff. New Plants. 
V. 54, No. 30, July 19, 1976, p. 10. 

26. — Checkoff. New Plants. V. 54, No. 29, July 12, 
1976, p. 12. 
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Table 2.—Nitrogen production in the United States 
(Thousand short tons of contained nitrogen) 


1972 1973 1974 1975 1976P 

Anhydrous ammonia, synthetic plant 12,416 12,508 712.939 13,504 13,748 
Ammonium compounds, coking plants: 

Ammonia liquor .. _ _ _ „ 11 6 6 5 4 

Ammonium sulfate ___________~_ FVV 1129 127 116 108 111 

Ammonium phosphates __ _ _ LLL LLL . s (3) (3) (3) (2) (3) 

ji ^| "CR 712,616 12,641 713,061 13,617 13,863 

Elemental nitrogen 7,011 78.229 18,814 9,142 10, 503 


1Preliminary. TRevised. 
1Current Industrial Reports, U.S. Department of Commerce, Bureau of the Census. 
2Included with ammonium sulfate to avoid disclosing individual company confidential data. 


Table 3.—Major nitrogen compounds 
produced in the United States 


(Thousand short tons, gross weight) 


Compound 1975 19765 
Acrylonitrile ............... 607 759 
Ammonium nitratee ....... 7,088 7,186 
Ammonium sul fate! 2,617 2,532 
Ammonium phosphates 7,620 8,988 
Nitric acid 1,527 1,892 
JJ; o et 3,565 3,928 

PPreliminary. 


! Includes ammonium sulfate from coking plants. 


Sources: Bureau of the Census and International Trade 


Commission. 


Table 4.—Domestic producers of urea 
(Thousand short tons per year of urea) 


Company Location Capacity 
Asno Chemical Co. - Williams __  _ ------ Blytheville, 2ͤaʒc—,: kk 340 
JJ ⁵ð y 8 Donaldsonville, La... Ἱ.Ἱ... 

Do / ⁵ καπ ών MC CHR Verdigris, Oklla 250 
Agway Ine: -cib — ——— 888 lean N.Y Col nuu ee 63 
Air Products & Chemicals, Ine „5 Pace Junction, Fre 23 
mee Chemical Corrs „ ra ae Deor μμ οσα 125 

De CROPS ua Sean el eae eS Rag gene Sas South Pe Poi. ORIG . 8 125 
American Cyanamid Co... -... -- -.-. -. -. -. -. -.-. -..-. -.. Fortier La sa e 145 
Atlas Chemical Industries, Inc ............---------- ------------- Joplin, Μο __ ——— „ 70 
Beker Industries, Innckkk.. Carlsbad, N.Mex _________________ 175 
Borden Chemical Co ~- ...... -.-...-. -.-. -. -. -. -.-.. -.-. -. -. -. -. Geismar. Laa 215 
CF Industries, Inn de Donaldsonville, 2. 375 

| Ds Ree tet NE Pet ea nein et oie T ne ST ANE Fremont, Nebr _________________~_ 

Collier Carbon & Chemical Corp ---------------- Kenai, Alaska __________________ 340 
αρ ο ο | P en Augusta, Ga FFF E: 
umbia Ni n Cord Augusta, oe 
E. I. du Pont de Nemours & ooboooOoobꝛ -. - -.-. Belle, W. vas 
Farmers Chemical Association - CF Industries, Ine Tunis NC au ! 165 
q) ² wm y 8 Tyner, Tennn¶nnNnnns | 45 
Farmland Industries, Inc |... - .---------.---.- Fort Dodge, Ioç esa 70 
SPP ο ο Εως οκ DONE Lawrence, J; NR νο cr NECS 
Gardinier, Inc. ......-------------.--.--.------ Helena, Ark ~~. ------ 75 
pasture, Inc .—--------------~--------- Dimmitt, Tenn 24 
W. R. Grace &c ri-ooooooꝛꝛ „ We k POND. τς αρ ee 350 
Hawkeye Chemical ___ _ _ Clinton, Iowa `- - _ --- 61 
Hercules, Inc ..... ..------------------------------------- Hercules, Calif... ............. 45 

Do uiii A 88 Louisiana, lj 95 
Kaiser Agricultural Chemicals _ _ P ᾽ς OUR CPC MN κ. 132 
Mississippi Chemical Corrs τ.’ D DUET E ML s ασ 153 
Nipak, Inc ͤͤ : Pryor, Okla το AA 180 


Kerens, Tex _~__________________ 86 
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Table 4.—Domestic producers of urea —Continued 
(Thousand short tons per year of urea) 


Company 


N- Ren Corp. (Cherokee Nitrogen, Inc.)) 
N - Ren Corp. (Farmers National Chemical Co.)) 
N - Ren Corp. (St. Paul Ammonia Products Co.)) 


Olin Co 


Phillips Pacific Chemical 0oo 
Phillips Petroleum Co _______________________ 
Premier Petrochemical Co ____________________ 
Reichhold Chemicals, Inne 


J. R. Simplot Co 


Vistron Corp 


Wycon Chemical Co __ _ _ _ _ 


Swift Chemical oo 
Tennessee Valley Authorit ' rv 
Terra Chemicals International, Ine 


Location Capacity 

Pryor. Oki on na 88 21 
Plainview, Tex __________________ 45 
East Dubuque, Ill 85 
Lake Charles, i 160 
Kennewick, Wass 43 
Beatrice, ec 56 
Pasadena, TeeeenenXMImnmnmnnn 103 
St. Helens, Oreg ...............-....-. -..-. 132 
Pocatello, Ida 18 
Beaumont, Tae 49 
Muscle Shoals, Alla . 66 
Port Neal, Iowa aii 170 
Donaldsonville., [its 420 
Cherokee, All 25 
El Centro, Cali 155 
Helm, Cali 29 
Lima, Ohio 238 
Cheyenne, W 50 
6,524 


Source: World Fertilizer Capacity, Urea. Distribution Economics Section, Tennessee Valley Authority, Muscle Shoals, 


Ala., Oct. 17, 1977). 


CONSUMPTION AND USES 


Consumption of fixed nitrogen in the 
United States reached 13.9 million tons in 
1976, an increase of 7%. Excellent spring 
weather and low prices created strong de- 
mand for nitrogenous fertilizers. Demand 
for other nitrogen-containing chemicals, 
such as acrylonitrile, increased also, re- 
 flecting the economic recovery from the 
slump in 1975. Elemental nitrogen con- 
sumption is assumed to be equal to pro- 
duction, since no statistics are collected on 
Stocks, and international trade is negligible. 


The primary use of fixed nitrogen was in 
fertilizers, which accounted for approxi- 
mately three-fourths of production. Other 
uses included explosives, resins, fibers, plas- 
tics, and animal feeds. The two principal 
uses of elemental nitrogen were as a gas to 
exclude or purge air from such industrial 
processes as steelmaking, electronics, chem- , 
ical manufacture, and glassmaking, and as 
a liquid to provide low temperatures in food 
processing and scientific applications. 


PRICES 


Spot market prices for anhydrous ammo- 
nia were well below list at the beginning of 
the year because of buyer resistance and 
growing inventories. Published list prices of 
agricultural-grade urea and diammonium 
phosphate were lowered substantially dur- 
ing the year. Prices paid by U.S. farmers for 
all nitrogenous fertilizers in 1976 cont- 
inued to decrease from the peak attained in 
early 1975. The cost of anhydrous ammonia, 
ammonium nitrate, and urea at the farm 
level dropped an average of 2996 from April 
1975 to April 1976.2» 

The average price of elemental nitrogen 


as pipeline gas was $11.78 per ton in 1976, 
an increase of 6%. The price of elemental 
bulk liquid nitrogen dropped 196 to $57.49 
per ton. Airco, Inc., Air Products & Chemi- 
cals, Inc, and Union Carbide Corp. 
announced price increases of 4% to 10% for 
liquid, bulk, and compressed nitrogen and 
other industrial gases effective November 
and December 1976.3 


29UJ S. Economic Research Service, Department of Agri- 
culture. 1977 Fertilizer Situation, January 1977, pp. 8-9. 

SoBureau of the Census, U.S. Department of Commerce. 
Industrial Gases. Current Industrial Reports, August 1977. 

31Chemical Week. Air Products Follows Gas Price In- 
creases. V. 119, No. 21, Nov. 24, 1976, p. 31. 
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Table 5.—Price quotations for major nitrogen compounds in 1976 


(Per short ton) 
Compound January December 
Ammonium nitrate, domestic, fertilizer-grade, 
33.5% nitrogen, bulk, deliver $91-$115 $91-$115 
Ammonium sulfate, standard-grade, commercial, 
bülk, e ³ 60 60 
A η. ammonia, fertilizer, wholesale, tanks, 
delivered east of Rockies, except east ca 180-190 180-190 
Aqueous ammonia, 29.4% NHs, anhydrous basis, 
tanks, freight equalized east of Rockies 165-180 165-180 
Sodium nitrate, domestic, agricultural, bulk, 
carlots, f.o.b. er ⅛ðê8 ð 139 139 
Bags, carlots, f.o.b. works 130 150 
Sodium nitrate, imported, commercial, bulk, car- 
lots, f.o.b. Atlantic and Gulf warehouses 112 118 
100-pound bags, carlot, same basis 124 130 
Sodium nitrate, imported, agricultural, bulk, 
Ü) carlots, Atlantic and Gulf warehousss ~~ ~~ 222222222 m 100 
rea: 
Industrial, 46% nitrogen, bulk, 50-ton carlots, 
delivered East inne as s s  ]aéjksBe T se Se Be s M a t 160-175 160-175 
Agricultural, 46% nitrogen, bulk, same basis 160-175 130-140 
i riga 45% nitrogen, bulk, 50-ton car- 
ots, delivered East... L2 ee 160-175 120-130 
Diammonium phosphate, fertilizer grade, 18-46-0, 
bulk, carlots, f.o.b. Florida workkkssss „ 135 110-125 


Source: Chemical Marketing Reporter. 


Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 
(Thousand short tons and thousand dollars) 


1975 1976 
Compounds Gross Nitrogen Gross Nitrogen 
weight ^ content? Value weight content“ Value 
PORTS 
Industrial chemicals: Anhydrous ammonia and 
chemical grade aqua (ammonia content) _ _ _ _ r82 167 713,005 133 109 11,167 
, Fertilizer materials: 
Ammonium nitrate __________-_--_- 46 15 6,141 12 4 1,444 
Ammonium phosphates r2 685 1483 7575, 268 2,823 508 309, 192 
Ammonium sulfate _ - - .......------------ 1726 1150 748,297 644 133 20,066 
Anhydrous ammonia and aqua (ammonia 
content?! 1271 1222 149,657 307 252 29,205 
Nitrogenous chemical materials n.e.c __ _ _ 143 113 13975 19 6 2,635 
Sodium ni trale 2 (1) 164 2 (1) 183 
E ee eS eae 557 253 122,908 532 242 45,241 
Mixed chemical fertilizers |... _ 324 32 40,695 242 24 30,284 
Total... nee 14,736 1,235 7860, 110 4.714 1.278 449,417 
IMPORTS 
Industrial chemicals: Ammonium nitrate _ _ _ _ 3 1 451 3 1 356 
Fertilizer materials: 
Ammonium ni trale 245 82 24,881 312 105 24,146 
Ammonium nitrate-limestone mixtures 66 14 8,971 29 6 1,439 
Diammonium phosphates 92 16 14,112 142 26 18,642 
Other ammonium phosphates 211 38 36,528 70 13 8,294 
Ammonium sul fate 219 45 21.357 566 117 23,549 
Calcium cyanamide or lime nitrogen 57 12 338 38 8 447 
Calcium ni trale 95 15 7,099 64 10 3,875 
Nitrogen solutions ______-__----~-~-- 117 35 11,666 302 91 21,797 
Anhydrous 8πιπιοπὶβ.........-. -.-. _ -.-. -. -. -- -- 807 662 123,932 730 599 70,836 
Potassium nitrate or saltpeter, crude _ _ _ _ _ 36 4 7,016 14 2 2,297 
Potassium nitrate, sodium nitrate mixtures _ 25 4 4,388 40 6 5,345 
Sodium nitrate __ _ LLL l2 139 22 19,100 103 16 8,143 
ο E RENNES MERE 654 298 87,899 842 383 ,674 
Nit nous fertilizers n.s.p.f --------- 134 27 14,407 100 20 9,246 
Mixed chemical fertilizerfterr s 213 21 33,389 112 11 13,728 
Total. cue K crt hs 3,113 1,296 415,534 3,467 1,414 296,814 


Estimate. "Revised. 
lLess than 1/2 unit. 
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FOREIGN TRADE 


Increased U.S. exports of ammonia and 
ammonium phosphates offset the reduced 
export levels of other nitrogenous fertiliz- 
ers, as exports of contained nitrogen rose 
3%. Substantial gains in imported urea, 
ammonium sulfate, and nitrogen solutions 


resulted in a 996 gain for fixed nitrogen 
imports. In terms of nitrogen content, the 
United States was a net importer of fixed 
nitrogen for the third consecutive year. Net 
imports amounted to 136,000 tons of nu- 
trient, compared with 61,000 tons in 1975. 


WORLD REVIEW 


Large expansions of ammonia capacity 
have been scheduled in eastern Europe, the 
U.S.S.R., and a number of developing coun- 
tries. Implementation of these projects 
could make inroads into the markets of 
traditional exporters of nitrogenous fertiliz- 
ers. In addition, many importing nations 
have moved closer to self-sufficiency. Produ- 
cers in Japan and western Europe lowered 
their output because of reductions in do- 
mestic purchases and exports. France and 
West Germany voiced disapproval of an 
influx of certain low-priced, nitrogenous 
fertilizers from eastern Europe. World fer- 
tilizer prices have declined sharply from the 
levels attained in spring 1975. 

Albania.—A new urea plant with a ca- 
pacity of 40,000 tons per year of contained 
nitrogen was completed at Fieri.*? 

Belgium.—Ste. Carbochimique, S.A. com- 
missioned a new 236,000-ton-per-year nitric 
acid plant at Tertre in September. 

Brazil.—Pullman Kellogg was awarded a 
contract by Petrobras for the technology 
and design engineering of two 1,070-ton-per- 
day ammonia plants to be built at Laranjei- 
ras and Norte Fluminense. The plants will 
be associated with two 1,200-ton-per-day 
urea units of Mitsui Toatsu technology.“ A 
West German consortium received a con- 
tract for the construction of a 1,320-ton-per- 
day ammonia plant and a 1,650-ton-per-day 
urea unit at Araucaria. The facility will 
utilize heavy petroleum fractions as feed- 
Stock, and was scheduled for startup in 
1978. Similar complexes were being planned 
at Paulinia and Aracaja. 35 The two 1,100- 
ton-per-day ammonia plants under con- 
struction at Camacari were scheduled to 
come onstream at yearend 1977. 

Bulgaria.—A 200,000-ton-per-year ammo- 
nia plant and a 300,000-ton-per-year ammo- 
nium sulfate unit, both designed and con- 
structed by Humphreys & Glasgow Ltd., 
started up at the Povelianovo Chemical 
Combine at Varna. 


Cameroon.—Ste. Cameroonaise des En- 
grais started up a 55,000-ton-per-year am- 
monium sulfate plant and a 30,000-ton-per- 
year complex fertilizer plant at Douala.** 

Canada.—Canadian Fertilizers Ltd. 
brought the first of two 396,000-ton-per-year 
ammonia plants and a 495,000-ton-per-year 
urea unit onstream at Medicine Hat, Alber- 
ta, in the summer of 1976. Although the 
company announced in December that it 
had deferred the remainder of the project, 
financing has since been completed and 
construction was scheduled to proceed. The 
second plant was scheduled to come on- 
stream in 1977. Production from both am- 
monia plants will be used for direct applica- 
tion and conversion to granular urea. The 
material will be earmarked for consump- 
tion in Canada and the United States. 

Pan Canadian Petroleum Ltd. announced 
at yearend that it will not proceed with an 
ammonia plant at Brooks, Alberta. Pan 
Canadian’s partner in the venture, Tyler 
Corp., of Dallas, Tex., withdrew several 
months before. Sherritt Gordon Mines has 
also decided to shelve plans to expand its 
ammonia-urea complex at Fort Saskatche- 
wan, Alberta.“ 

Genstar Chemical Co. commissioned a 
$9.5 million expansion of its nitric acid and 


32Nitrogen. New Piang and Projects. No. 103, Septem- 
ber/October 1976, p. 1 

33Work cited in 8 32. 

European Chemical News. Kellogg Wins Brazilian 
Ammonia Plant. V. 29, No. 767, Dec. 31, 1976, p. 20. 

SSNitrogen. New Plants and Projects. No. 100, 
March/ April 1976, p. 17. 

S6Chemical Age. Kellogg Ammonia Contract. V. 113, No. 
2992, Nov. 5 1976, p. 16. 

Nit New rians and Projects. No. 99, Ja- 
nuary/Fe ruary 1976, p. 1 

35Work cited in E 18. 

Chemical Marketin ng Reporter. Ammonia Unit Opens 
in Alberta; Second To Running in "77. V. 209, No. 13, 
June 21, 1976, pp. 7, 27. 

European Chemical News. New Projects. In Brief. V. 30, 
No. 769, Jan. 14, 1977, p. 29. 

‘Fertilizer International. In Brief. No. 80, February 


1976, p. 10. 
Euro Chemical News. Alberta Plants Shelved. V. 
29, No. 767, Dec. 31, 1976, p. 21. 
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ammonium nitrate facilities at Maitland, 
Ontario.“! 

Union Carbide Canada announced plans 
for a 260-ton-per-day expansion of its air 
separation plants at Oakville, Ontario.* Air 
Products Ltd. scheduled the construction of 
an industrial gases plant with capacity of 
400,000 tons per year at Nanticoke, Ontario. 
The plant will also produce 300 tons of 
liquid nitrogen, oxygen, and argon daily.* 
Liquid Air Corp. of North America began 
construction of a new air separation unit, 
the fourth at its Hamilton, Ontario, com- 
plex. The $15 million plant will supply an 
additional 250 tons of nitrogen and 600 tons 
of oxygen daily to Dominion Foundries & 
Steel Ltd. when it comes onstream early in 
1979. Total daily production at the complex 
will then exceed 1,500 tons of nitrogen and 
2,800 tons of oxygen** 

Chile.—Petroquimica Chilena awarded a 
contract to Snamprogetti for a 1,485-ton- 
per-day ammonia plant and a 2,200- ton-per- 
day urea unit. The complex will be located 
by the Straits of Magellan in order to use 
the natural gas reserves in the area. A large 
percentage of the output from the facility is 
destined for export, primarily to Brazil and 
Argentina.“ 

China, People's Republic of.—Four 
ammonia- urea facilities went onstream in 
the provinces of Heilongkiang, Liaoning, 
Szechwan, and Hopei. Each facility inclu- 
ded a 1,100-ton-per-day ammonia plant and 
a 1,780-ton-per-day urea unit of Kellogg 
design.“ Although the country remains a 
large importer of nitrogenous fertilizers, 
imports have been steadily declining and 
domestic production has been increasing. 
Small-scale plants on the local level account 
for about one-half of total production. The 
nation should be self-sufficient in urea by 
the end of the decade.* 

Denmark.—A new 165,000-ton-per-year 
nitric acid plant was commissioned by Su- 
perfos A/S at Fredericia.** 

Egypt.—Three nitric acid plants with a 
combined capacity of 770 tons per day were 
brought onstream at Talkha. A fourth unit 
was scheduled for completion in 1978. In 
September nitrogenous fertilizer production 
began at the Talkha complex. Three Arab 
funds will provide financing for the second 
phase of the Talkha project, which includes 
a 359,000-ton-per-year ammonia plant and a 
288,000-ton-per-year urea unit, due for com- 
pletion in 1978. Feedstock is natural gas 
from the Abu Madi field in northern 


Egypt.“ 
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France.—Friedrich Uhde GmbH was 
awarded a contract to build a 550-ton-per- 
day nitric acid plant at Lievin for 
Gardinier. Air Products & Chemicals, Inc., 
began producing nitrogen, oxygen, and ar- 
gon at a new 300-ton-per-day air separation 
plant at Beauvais. An air separation plant 
with a capacity of 220 tons per day of liquid 
nitrogen, oxygen, and argon will be con- 
Structed near Lyons by Airgaz. Commissio- 
ning was slated for mid-1978.52 

Germany, East.—The third 385,000-ton- 
per-year urea plant. came onstream at 
Piesteritz.*: . 

India.—The Fertilizer Association of In- 


dia stated that the country must build five 


more nitrogenous fertilizer plants in addi- 
tion to projects currently underway and the 
four presently approved in principle to 
bridge the gap between production and 
consumption by 1983-84. The Fertilizer 
Corp. of India Ltd. commissioned a new 
naphtha-fed, ammonia-urea facility at. Ba- 
rauni in July. The capacities of the units 
are 220,000 tons of ammonia and 363,000 
tons of urea per year. Mangalore Chemi- 
cals and Fertilizers Ltd. commissioned a 
new urea plant at Mangalore with a capaci- 
ty of 176,000 tons per year of nutrient.** 
Snamprogetti of Italy was awarded a con- 
tract by Gujarat State Fertilizers Co. Ltd. 
for a 1,980-ton-per-day urea plant to be built 
at Baroda. Two ammonia-urea complexes 


Chemical A Market Report. In Brief. V. 
2, A 7 , Oct. 8, 1976, p. 1 
Chemical & “he hd News. Checkoff. New Plants. 
V. 54, No. 29, July 12, 1976, p. 13. 
“Page 11 of work cited in footnote 37. 
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for Canada Steel Firm. V. 210, No. 6, Aug. 9, 1976, pp. 4, 11. 
*SFertilizer International. Ce plans for Urea Pro- 
duction. No. 81, March 1976, p. 4 
emical & Engineering News. Concentrates. Interna- 
tional. V. 54, No. 45, Nov. 1, 1976, p. 7. 
European Chemical News. Great Leap Forward in 
μιάς Urea Production. V. 29, No. 760, Nov. 5, 1976, p. 
*7Fertilizer International. China: Self-Sufficiency in Ag- 
riculture a Priority, in Fertilizer Production—a Necessity. 
No. 83, May 1976, pp. 14, 15, 24. 
is Work cited in footnote 32. 
European Chemical News. Egypt ns First Talkha 
Fertilizer Plant. V. 29, No. 155, Oct. 1, 1976, p. 7. 
Page 15 of work cited in footnote 32. 
emical Marketing Reporter. Friedrich Uhde to 
Due French Nitric Acid Unit. V. 209, No. 1, Jan. 5, 1976, 
P 
sa . Air Products Unit Opens. V. 209, No. 13, Mar. 
29, 1976, p. 4. 
S?European Chemical News. Ai Goes for Lyon Gases 
Project. V. 29, No. 758, Oct. 22, 1976, p p. 46. 
Page 15 of work cited in footnote 35. 
5*Euro Chemical News. New Projects. In Brief. V. 
29, No. 755, Oct. 1, 1976, p. 36. 
τ . FCI Starts Barauni Ammonia/Urea Plant. V. 
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. New Indian Ürea Plant. V.28, No.732, Apr. 16, 
175 p.33. 
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with daily capacities of 990 tons of ammonia 
and 1,700 tons of urea were scheduled 
onstream in 1978 at Bhatinda and 
Panipat.** 

Indonesia.—Kellogg Overseas Corp. was 
named managing director for a grass-roots, 
ammonia-urea facility at Cikampek, West 
Java. The complex will consist of a 1,100- 
ton-per-day ammonia plant and a 1,900-ton- 
per-day urea unit. A major portion of the 
$200 million project will be financed by the 
Government of Iran. Plans to build the 
world’s first floating fertilizer plant near 
gasfields off the coast of Kalimantan Pro- 
vince have been scrapped. A new plan calls 
for locating the plant on land, with daily 
capacities of 1,650 tons of ammonia and 
1,100 tons of urea. The future of a proposed 
ammonia-urea facility at Aceh, North Su- 
matra, is uncertain. As the country’s urea 
capacity climbs beyond 2 million tons per 
year, an exportable surplus should become 
available.s? 

Iran.—Construction of a new fertilizer 
complex using natural gas feedstock began 
at Shiraz for the Iran Fertilizer Co. The 
facilities were scheduled onstream in 1978 
and will have annual capacities of 359,000 
tons of ammonia, 248,000 tons of nutrient as 
urea, 76,000 tons of nutrient as ammonium 
nitrate, and 218,000 tons of nitric acid. 

Iraq.—The expansion at the Basrah fer- 
tilizer complex was completed by Mitsubi- 
shi Heavy Industries. The plant has a daily 
capacity of 880 tons of ammonia and 1,430 
tons of urea. By 1982 ammonia capacity is 
scheduled to reach 1.5 million tons per year. 
At that point, Iraq's ammonia production 
could account for about one-third of the 
Middle East total.“ 

Italy.— Breda Cantiere Navale shipyards 
received a contract from Sudimport, the 
foreign trade organization of the U.S.S.R., 
to build three ammonia tankers.*? 

Japan.—A 91,000-ton-per-year nitric acid 
plant was completed by Mitsubishi Heavy 
Industries at Kurosaki.“ Japanese urea ex- 
ports declined sharply in 1976. As a result, 
ammonia and urea production have been 
running well below capacity. The industry, 
which is heavily dependent upon exports, 
urged the Government to offer tied loans 
and fertilizer supply arrangements as part 
of its economic aid program for Southeast 
Asian countries.“ 

Korea, North.—A $64 million complex 
was completed by West German and Aus- 
trian contractors at Nam Hung, the first 
large-scale chemical facility built in North 
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Korea by Western contractors. Annual 
plant capacities were listed as 272,000 tons 
of ammonia and 400,000 tons of urea.*5 
Korea, Republic of.—Air Products & Che- 
micals, Inc., received a $20 million contract 
for design and construction of two 850-ton- 
per-day nitrogen, oxygen, argon plants for 
the Pohang Iron & Steel Co. Both plants 
were scheduled for completion in late 
1978. Yong-Nam Chemical Co. Ltd. com- 
pleted an expansion project at its Ulsan 
complex. Total capacities were increased to 
more than 110,000 tons per year of ammo- 
nia and 132,000 tons per year of urea.“ 
Libya.—Libyan National Oil awarded a 
contract to Foster Wheeler Italiana for the 
construction of the country's first urea 
plant at Marsa el Brega by 1979. Ammonia 
feedstock for the 1,100-ton- per-day unit will 
be supplied by National Oil's adjacent plant 
which was due onstream in 197'.** 
Mexico.—Guanos y Fertilizantes S.A. 
planned to construct two new urea plants. 
One of the units will be built at Coatzacoal- 
cos with a capacity of 495,000 tons per year, 
and the other will be located near Salaman- 
ca with a capacity of 330,000 tons per year. 
The new production has been designated for 
both domestic consumption and export mar- 
kets, since completion of the plants should 
result in self-sufficiency for the country in 
nitrogenous fertilizers.*? 
Poland.—Creusot-Loire Enterprises of 
France has contracted for the installation of 
a fertilizer complex at Police. The complex 
will comprise two 825-ton-per-day ammonia 


58Chemical Age. Veba Ammonia Study. V. 113, No. 2979. 
2980, Aug. 20-27, 1976, p. 2. 

59Chemical Marketing Reporter. Indonesia Fertilizer 
Job To Be Run 970. Pp. 80. First Such Unit on Java. V. 209, 
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plants, one 1,320-ton-per-day urea unit and 
mixed fertilizer facilities, with a projected 
startup date of late 1979.7 Krupp Chemie- 
anlagen of West Germany gained a contract 
for the construction of two coal gasification 
plants at a coal-based chemicals complex 
planned for Katowice. The complex will 
include a 550,000-ton-per-year ammonia 
plant and an $880,000-ton-per-year urea 
unit. 

Qatar.— Qatar Fertilizer Co. awarded a 
contract for the construction of a 1,000-ton- 
per-day ammonia plant at Umm Said, to be 
associated with a 1,100-ton-per-day urea 
plant. The complex was scheduled onstream 
in 1978.7? 

Spain.—Union  Explosivos Rio Tinto 
commenced production at a 990-ton-per-day 
ammonia plant at Huelva. The plant uses 
naphtha as feedstock.“ Local opposition to 
the construction of an ammonia plant by 
the fertilizer group Sefanitro at Bilbao led 
authorities to revoke the construction per- 
mit. Site preparation and equipment pro- 
curement for the plant were well advanced 
at the time. Sefanitro was seeking to form a 
partnership with one of several companies 
that would provide a new site.” 

Syria.—Creusot-Loire Enterprises of 
France was awarded a turnkey contract by 
Unichem for a refinery and fertilizer com- 
plex at Homs. Naphtha from the refinery 
will be used as feedstock for a 363,000-ton- 
per- year ammonia plant with a downstream 
400,000-ton-per-year urea unit.“ 

Turkey.—Kellogg International Corp. 
was awarded a contract by Azot Sanayii for 
a 314,000-ton-per-year ammonia plant at 
Gemlik. Part of the output from this 
naphtha-fed plant was slated for use in a 
new 172,000-ton-per-year ammonium ni- 
trate unit.'* Friedrich Uhde GmbH received 
a contract for construction of an 82,500-ton- 
per-year ammonium sulfate plant and other 
units at Bandirma by late 1978.77 

U.S.S.R.—Toyo Engineering Corp. of Ja- 
pan reached agreement with the U.S.S.R. to 
supply five more 1,500-ton-per-day ammo- 
nia plants using Pullman Kellogg technolo- 
gy at Kiev, Minsk, Kharkov, Moscow, and 
Perm. These plants are in addition to the 
deal concluded in 1975 for four identical 
plants. Montedison of Italy contracted 
with Techmashimport to furnish two 1,650- 
ton-per-day urea plants at Kemerovo and 
Berezniki. Ammonia feedstocks will come 
from plants being constructed at the sites.“ 
Technoexport Foreign Trade Co. Ltd. of 
Czechoslovakia agreed to construct and deli- 
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ver three urea production lines, each with a 
capacity of 177,000 tons per year. Destina- 
tions are Grodno, Dneprodzherzhinsk, and 
Cherkassy in 1977-78.» New ammonium 
nitrate facilities came onstream at Berezni- 
ki, increasing downstream product capacity 
by 110,000 tons per year of contained nitro- 
gen. Installed anhydrous ammonia capacity 
at the Severodonetsk complex reached 1.4 
million tons with the completion of another 
495,000-ton-per-year plant. A new urea 
plant was commissioned at Salavat bringing 
total urea capacity there to 540,000 tons per 
year.®! 

The first specific contract under the 1973 
fertilizer agreement between Occidental Pe- 
troleum Corp. and the U.S.S.R. was signed 
in late November at Moscow. The contract 
called for the U.S.S.R. to supply Occidental 
with 3.5 million tons of ammonia over a 10- 
year period beginning in 1978. The company 
has been assisting the Soviets in the con- 
struction of ammonia pipeline and port 
facilities and arranging for new ammonia 
plants in the Soviet Union. Occidental is 
scheduled to deliver superphosphoric acid 
to the U.S.S.R. and receive ammonia, urea, 
and potash. Separate contracts still remain 
to be signed for the other components of the 
agreement.®? 

United Kingdom.—British Oxygen Corp. 
announced plans to expand production of 
industrial gases at its Brinsworth site near 
Rotherham. The new unit will produce 132 
tons of nitrogen, 132 tons of oxygen, and 5 
tons of argon daily. Construction was sched- 
uled to start in January 1977 with an 
onstream target date of early 1979. The 
Secretary of State for Scotland granted 
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approval for a Scandinavian chemicals 
group, Scanitro, to construct a 350,000-ton- 
per-year ammonia plant at Peterhead, Scot- 
land. The $100 million facility will utilize 
natural gas feedstock from the North Sea. 
The plan must still receive the approval of 
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Zambia.—Nitrogen Chemicals of Zambia 
was expanding its nitrogenous fertilizer 
complex at Kafue. The new coal-based am- 
monia plant will have a capacity of 85,000 
tons per year, and was due onstream by 
July 19'777.s5 


local authorities. Scottish Agricultural In- 
dustries has contracted for an 88,000-ton- 
per-year prilled ammonium nitrate plant at 
Tom The plant was scheduled onstream in 
l 84 


s Chemical Marketing Reporter. Scanitro Gets Okay for 
Ammonia Project. V. 209, No. 14, Apr. 5, 1976, pp. 5, 16. 
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Table 7.—Fertilizer nitrogen compounds: World production and consumption for years 
ended June 30, by country 


(Thousand short tons of contained nitrogen) 


Production Consumption 
Country 
1973-74 1974-75 1975-76" 1973-74 1974-75 1975-76" 
North America: 
κοιν ων ο 2 Z 885 5987 1,010 565 6586 619 
Costa Rica? _____________ 30 33 33 137 r 137 137 
DH o οι πρός crite 22 51 90 1144 1153 1172 
Dominican Republic ΜΉΝ 8 κα NET 45 51 45 
El Salvadore PHONE 8 8 6 75 69 72 
Guatemala _____________ 3 6 6 38 46 33 
Jamaica®_______________ 3 3 3 112 114 110 
Mexiko 414 517 640 1580 721 918 
Netherlands Antilles? _______ 7 23 7 __ 8 .. 
Nicaragua ee κ; e "E 39 24 18 
Panama a = κ. NN 13 15 15 
Trinidad and Tobago® _____ __ 74 100 63 18 16 15 
United States (includes 
Puerto Rico)- ---------— 10,095 9,341 10,210 19,146 8,608 10,345 
South America: 
Argentina 32 628 20 48 e46 31 
Brazil! |. | 126 166 177 383 429 452 
Che ere 118 125 127 65 57 43 
Colombia! ______________ 95 *99 110 170 *140 144 
Ecuador? ________________ 2 2 2 32 22 22 
CF μμ reir 23 22 39 89 125 90 
" Venezuela! /— | ;... 7 53 55 45 64 71 
u : 
Albania!!! τν αν 40 40 40 40 40 40 
Austria __ 25 mm 254 249 261 146 198 134 
Belgium- Luxembourg 721 707 673 198 204 201 
Bulgaria 572 654 741 362 363 419 
Czechoslovakia 1456 1533 1579 455 412 563 
Denmark 170 90 88 402 331 374 
Finland ________________ 269 278 223 228 250 220 
France ________________ 1,810 1,867 1,493 2,021 1,714. 1,883 
Germany, East!!! 459 481 594 734 740 747 
Germany, Wet 1,624 1,735 1,388 1,213 1,324 1,354 
Greece ________________ 290 291 318 269 277 303 
Hungary! Tee E S 468 6459 499 543 608 591 
Iceland 11 8 10 16 15 16 
Ireland _______________ ~ 6104 e107 110 144 147 168 
Italy o A E 91,245 1,247 1,102 741 741 798 
Netherlands _____________ 1,824 1,395 1,271 *454 480 499 
Orway - --------------—- 490 430 393 94 106 108 
Poland!________________ 1,505 1,607 1,689 1,184 1,260 1,849 
Portugal? _~_____________ 181 211 224 141 140 155 
Romania! .. . . . _ .Ἱ. 941 1,080 1,424 487 540 869 
Spain! ________________ 841 €796 909 803 787 841 
Sweden 197 194 187 4290 4259 4283 
Switzerland 29 32 33 46 42 47 
U.S. S. Rl rq 947 8,605 9,331 r6,861 7,381 8,110 
United Kingdom? ep MOT 833 1,099 1,163 964 1,022 1,151 
Yugoslavia! . |. .........— 386 409 394 374 388 396 
Africa: 
Algeria _______________ 57 87 67 1103 r 172 169 
ολο ee T 156 e 1110 1166 5395 e 5397 *457 
Ivory Coast!!! 5 7 5 9 9 12 
Kenya ___ te gue "S ET 22 21 23 
Mauritius EN 1 4 19 10 11 
Morocco! 16 *12 21 *69 *68 10 
Mozambique .........-. ..-..-. - -- ---- e9 e3 3 510 4 4 
Ν igeria Lacu ul eme cx LL Mu "m MM — e5 e1 5 33 
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Table 7.—Fertilizer nitrogen compounds: World production and consumption for years 
ended June 30, by country —Continued 


(Thousand short tons of contained nitrogen) 


Production Consumption 


1973-74 1974-75 1975-76" 1973-74 1974-75 1975-76" 
Africa: —Continued 
Rhodesia, Southern 66 72 72 17 r77 83 
Senegal!!! 10 e6 10 8 610 11 
South Africa, Republic of? ____ 283 r €299 331 e255 254 314 
Suden ie HN. ΚΕ 60 66 105 
Tanzania! ______________ 2 4 4 12 15 16 
Tunisia m" nx € 21 26 
Zambia ________________ 5 8 6 906 €40 €46 
Asia: 
Afghanistans " 21 43 20 27 31 
Bangladesh s 143 36 144 140 91 166 
Burma 141 48 52 40 42 39 
China, People's Republic off _ _ _ 2,830 3,207 3,404 4,191 4,256 4,765 
India _________________ 1,157 1,308 1,662 2,016 1,947 2,239 
Indonesia ______________ 94 183 229 386 380 377 
POR oss 144 144 139 214 208 214 
|n MERO le a ίος» 31 36 21 22 30 28 
Ill! IRL 43 50 33 36 40 
Japan ----------------- eo 357 €2,580 1,716 905 761 103 
Korea, Northt! |. | |. |. 265 216 281 269 218 291 
Korea, Republic of! 493 566 596 453 493 516 
uwalt ———- ως ου ο ος 320 304 285 Met ES e 
Lebanon! ” san 43 21 8 
Malaysian 751 741 737 2124 76 79 
Pakistan nnn 331 343 349 1364 396 487 
Philippines! SES zm 59 59 63 167 196 146 
IB uomen enu si ase 15 61 96 αν V ΚΕ 
udi Arabia 67 *89 110 24 6 6 
Sri Lanka E oh, ΗΓ 56 *82 42 
ρε ποτ μμ πμ. 10 14 26 91 40 46 
Taiwan? τον πολιὰς 241 200 234 235 153 256 
Thailand 18 17 15 66 88 87 
Türkey z one LL 149 161 189 414 312 499 
Vietnam, Socialist Republic of E ns E 2147 134 225 
Oceania: Australi˖aa 217 218 198 194 196 182 
Other: 
North and Central America? TN ee ΕΠ 32 27 30 
South America’® __________ τος. i κα 34 32 28 
Africa! _~______________ -— == — 98 93 100 
Asia!l* . == du ο. ove 39 26 44 
Oceania!]Ó] ______________ Tn "n na 46 84 23 
World Total!!! 144,578 46,722 48,366 142,677 42,521 41,132 


Estimate. Preliminary. Revised. 

Calendar year referring to the first part of the split year. 

Fertilizer year: August to July. 

*Fertilizer year: June to May. 

*Including quantities used for forest fertilization. 

5Fertilizer year: November to October. 

*United States Bureau of Mines estimate based on United Nations estimate for People's Republic of China and Taiwan 
(reported as a single figure) less the British Sulphur Corp. Ltd. reported figure for Taiwan alone. 

Data for West Malaysia only. 

SSource: The British Sulphur Corp. Ltd. Statistical Supplement No. 14, November-December 1976, p. 14. 

V ?Includes Barbados, Belize, Guadeloupe, Haiti, Honduras, Martinique, St. Kitts-Nevis-Anguilla, St. Lucia, and St. 
incent. 

loIncludes Bolivia, Guyana, Paraguay, Surinam, and Uruguay. 

11Includes Angola, Benin, Botswana, Burundi, Central African Empire, Chad, Congo, Equatorial Guinea, Ethiopia, 
Gambia, Ghana, Guinea, Liberia, Libya, Malagasy Republic, Malawi, Mali, Niger, Reunion, Rwanda, Sierra Leone, 
Somalia, Swaziland, Togo, Uganda, United Republic of Cameroon, Upper Volta, and Zaire. 

1?Inc]udes Cyprus, Jordan, Khmer Republic, Laos, Mongolia, Nepal, and Singapore. 

I3Includes Fiji Islands, New Zealand, and Papua New Guinea. 


Source: Statistical Office of the United Nations, Statistical Yearbook, 1976 (New York, 1977, pp. 288-289, 584-586) unless 
otherwise specified. 


TECHNOLOGY 


Higher energy costs and the rising de- the efficiency and amount of natural nitro- 
mand for fertilizer have underscored the gen fixation, introducing the process into 
need for basic research into ways to in- plants in which it does not normally occur, 
crease nitrogen availability to agricultural and finding a low-energy industrial route 
plants. Research has focused on increasing that could replace the present energy- 


NITROGEN 


intensive process for making ammonia.” 

A 5-year, $1.3 million United Nations 
research program to investigate natural 
nitrogen fixation will be implemented by 
the International Rice Research Institute in 
the Philippines, in collaboration with Corn- 
ell University and Boyce Thompson Insti- 
tute in the United States. The new project 
will study rates of nitrogen fixation, the 
role of bacteria, and environmental 
factors. 

The Dow Chemical Co. brought onstream 
à facility to produce nitrapyrin, a nitrifica- 
tion inhibitor for use with anhydrous am- 
monia, urea, and ammoniacal-type fertiliz- 
ers. The product stabilizes the fertilizers 
through its activity on specific bacteria that 
are responsible for rapid conversion of am- 
monium nitrogen in soil. The result is that 
more ammonium nitrogen is available for 
use by plant life and less is lost to nitrite 
and nitrate conversion and potential leach- 
ing from the soil.“ 

A high-priority project of the Tennessee 
Valley Authority (TVA) is reducing the 
fertilizer industry's dependence on natural 
gas as the hydrogen source for ammonia 
production. Accordingly, a prototype coal 
gasification plant under development is 
scheduled to be in operation in 2 to 3 
years.“ 

TVA's new pipe- cross reactor process for 
the manufacture of ammonium phosphate 
eliminates the need for natural gas to dry 
the final product. Chemical heat produced 
by the reactants in the pipe- cross reactor is 
usually sufficient to completely dry the 
granular material. Elimination of drying 
equipment would also significantly reduce 
the cost of plants using the process.” 

The Danish firm Haldor Topsoe intro- 
duced an improved design of its ammonia 
synthesis converter with a heat exchanger 
between the two radial flow catalyst beds. 
The new design provides ammonia conver- 
sion of 22% instead of 16%.*! 

A device that vaporizes fuel oil and thus 
will permit ammonia plant operators to use 
liquid fuels in furnaces fitted with natural 
gas burners has been developed by Allied 
Chemical Corp. The new system permits 
firing oil, gas, or any mixture of the two in 
existing burners, without making extensive 
modifications to piping.” 

Production of ammonia from the exhaust 
gas of a stationary engine is possible with a 
new patented process developed by the In- 
stitute of Gas Technology. The major poten- 
tial application is in converting irrigation 


945 


pump exhaust gas into ammonia, which 
could be applied in the irrigation water. The 
process involves the reaction of carbon mon- 
oxide and water to form hydrogen, which 
reacts with nitric oxide to form ammonia.’ 
A new waste treatment plant due on- 


Stream in early 1978 at North Lake Tahoe, 


Calif., will incorporate an ammonia remo- 
val and recovery process to produce a 40% 
ammonium sulfate solution. Ammonium 
ions are absorbed in beds of the mineral 
clinoptilolite, which are regenerated by a 
concentrated sodium chloride solution. The 
ammonium sulfate solution will be suitable 
for application by farmers or for blending 
by fertilizer manufacturers. Sale of the 
fertilizer material should cut operating ex- 
penses of the plant by 60% compared with 
other tertiary treatment methods. How- 
ever, the initial cost of the process amounts 
to 10% of the cost of the entire system.™ 

A report from the National Oceanic and 
Atmospheric Administration, based on a 
numerical model of the atmosphere, stated 
that nitrogen fertilizers are having little 
effect on the earth's ozone layer. The a- 
mount of fertilizer currently used adds only 
about.2 million tons of nitrous oxide to the 
estimated 1.4 billion tons already in the 
atmosphere. The study concluded that if 
nitrogen fertilizer use increased 660 annual- 
ly until the year 2000 then leveled off, ozone 
would decrease somewhere between 1% and 
1090.95 

Skid-mounted stripping units that reco- 
ver unreacted ammonia and urea can be 
added to existing urea plants to enable 
producers to meet EPA effluent standards. 
The stripping process recovers unreacted 
materials in the vapor phase at synthesis 
pressure and condenses them before they 
are returned to the reactor, thus cutting 


ss Graff, G. M. Keeping the World's Breadbasket Full. 
Chem. Week, v. 118, No. 6, Feb. 11, 1976, pp. 28-38. 

Skinner, K. J. Nitrogen Fixation. Chem. & Eng. News, v. 
54, No. 41, Oct. 4, 1976, pp. 22-35. 

S'Chemical Week. UN Study Seeks Nitrogen Fixation 
Answers. V. 118, No. 18, May 5, 19776, p. 29. 

Chemical Marketing Reporter. Dow Starts Up Facility 
for Nitrogen Stabilizer. V. 210, No. 19, Nov. 8, 1976, p. 28. 

Chemical & Engineering News. TVA Fertilizer Deve- 
pment Move Along. V. 54, No. 43, Oct. 18, 1976, pp. 34- 


99Chemical Marketin rter. TVA Fertilizer Process 
Cuts Natural Gas Use. 20 , No. 23, June 7, 1976, p. 12. 
Chemical & Engineering News, Concentrates. Techno- 
logy. V. 54, No. 14, Apr. 5, 1976, p. 1 
emical Week. Allied Method Enables Natural Gas 
Uere To Use Liquid Fuels. V. 119, No. 3, July 21, 1976, 
p. 36. 


93 — ——. Stationary-Engine Exhaust Is Source of Fertil- 
izer. V. 118, No. 9, Mar. 3, 19776, p. 27. 
ο. ——. Converting Sewage Into Savings. V. 118, No. 2, 


Jan. 14, 1976, p. 47. 
es Chemical & Engineering News. Concentrates. Science. 
V. 54, No. 18, Apr. 26, 1976, p. 16. 
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energy costs by up to 15% and increasing 
yields.“ 

Gulf Oil Chemicals Co. has developed a 
catalytic process designed to be retrofitted 
to existing nitric acid plants. Nitrogen ox- 
ides in the stack gas are selectively reduced 
using an aluminosilicate, molecular-sieve 
catalyst. In operation, ammonia is mixed 
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with the tail gas and is adsorbed preferen- 
tially along with nitrogen oxide molecules. 
They react to form nitrogen and water, 
which are then desor 


Chemical Week. Urea Makers Can Strip Away Waste 
Problems. V. 119, No. 14, Oct. 6, 19776, pp. 33-34. 

* New Unit for Nitric Plants Knocks Out NOX. 
V. 119, No. 4, July 28, 1976, p. 33. 


Peat 


By Donald P. Mickelsen? 


U.S. peat production was up sharply in 
1976 to 969,459 tons, 26% over 1975 pro- 
duction. This was principally due to an 
increase in the number of operations pro- 
ducing over 25,000 short tons annually. The 
number of active operations, however, 
decreased by seven, with several existing 
and planned operations being prevented 
from producing since they were unable to 
obtain environmental permits. Production 
in 1976 increased in eight States, with the 
largest production gains occurring in Penn- 
sylvania, Indiana, and Michigan. 


Commercial sales of peat also rose sharp- 
ly, increasing to 947,462 tons, 27% above 
sales in 1975. The average value per ton of 
peat sold, f.o.b. plant, increased from $16.49 
in 1975, to $18.04 in 1976; raising the total 
value of peat sold by 39% to $17.1 million. 

Imports increased about 16% in 1976 and 
provided about 26% of the peat available for 
consumption in the United States. Canada 
provided 97% of the peat imported. 

Estimated world production remained at 
223 million tons, about 95% of which was in 


the U.S.S.R. 


Table 1.—Salient peat statistics 


1973 1974 1975 1976 
United States: 
Number of operations |... --—- -----------------——————- 98 102 1 10 
uction ο ο D οὐ e LE ree short tons. . 634,503 731,004 771,716 969,459 
Commercial sales do- 620,583 705,995 745, 947, 462 
Vale uu SS sZ ß 8 thousands $7,547 510,989 12 17. 
Average per tonnnnnsnn -. -..-. -. -..-. -. -. -..-. -..-..-..-.. -.....-.. -.. -..-. $12.16 $15.56 $16.49 $18.04 
Sl S Eur VA ĩ ĩ ĩͤ μα κα short tons. 323,501 26, 290, 338,051 
Available for consumption! __ ......... do 944, 084 1,082,525 1,035,994 1,285,513 
World: Production __ _ _ thousand short tons .. 220, ^ 1223, 222, 
Commercial sales plus imports. 
DOMESTIC PRODUCTION 


Peat is broadly classified in the United 
States as moss peat, reed-sedge peat, and 
humus, according to the type of plant mat- 
ter from which it is formed and the degree 
of decomposition. Moss peat is a type that 
has been formed principally from sphag- 
num, hypnum, and/or other mosses; reed- 
sedge peat originated mainly from reeds, 
sedges, and other swamp plants; and humus 
peat is too decomposed for easy identifica- 
tion of its biological origin. 

The 198,000-ton increase in 1976 pro- 
duction resulted from a larger output of 
humus peat in Pennsylvania and Indiana. 
Humus production was 92% greater than in 


1975, owing to greatly increased output by 
several existing operations. Of the total 
peat production in 1976, 46% was reed- 
sedge peat, 32% was humus, and 22% was 
moss peat. 

Peat was produced in 21 States in 1976. 
Michigan remained the largest producer, 
with 31% of the Nation's output. The next 
four largest producing States were Indiana, 
Pennsylvania, Illinois, and Florida. 

Active operations in the United States 
decreased from 109 to 102, but the average 
output per plant increased greatly from 


! Mineral specialist, Division of Coal. 
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1,080 tons in 1975 to 9,505 tons in 1976. Over 
three-fourths of the operations, however, 
had outputs below the average with only 32 
plants producing more than 5,000 tons. The 
increase in average output, as well as the 
increase in the total U.S. peat production, 
can be attributed to the growth in the 
number and size of operations producing 
over 25,000 tons annually. These producers 
increased from five in 1975 to nine in 1976 
and accounted for 63% of the total peat 
produced. 

Production methods used in the United 
States varied with the size and conditions of 
the bog being worked. Almost all peat was 
harvested using conventional earthmoving 
and excavating machinery, or modified con- 
ventional machinery. Power  shovels, 
bulldozers, and front-end loaders were used 
in drained bogs; draglines, clam shells, and 
dredges were used in submerged deposits. 

Peat bogs are generally covered with 
water, tree trunks, limbs, and other debris 
and must be properly cleared and drained 
before harvesting. In most instances, the 
bog is drained by constructing a series of 
feeder ditches and collecting canals so that 
the prevailing water table can be lowered 
and controlled. Since the surface of a peat 
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bog is unstable, roads are built across the 
bog to provide a firm surface for trucks to 
travel on. The use of special wide-track 
treads enables other machinery to operate 
upon the bog surface. 

Various harvesting techniques are em- 
ployed at domestic peat operations. Gener- 
ally, the peat is harvested by first loosen- 
ing the top layer of the bog to a depth of 
approximately one-half inch with a disk, 
spike, or spring harrow. The loosened peat 
is then scraped into piles alongside the 
roads with bulldozers and loaded into 
trucks with front-end loaders. Other pro- 
duction methods include the use of vacuum 
harvesters, snow-blowing machines, drag- 
lines, and dredges. 

Peat is usually processed for sale by air 
drying, shredding, screening, and in a few 
instances, by artificial drying. Processing 
equipment consists of a variety of screens, 
shredders, grinders, hammer mills, and gas- 
and oil-fired dryers. 

In 1976, 36% of the peat was sold as 
produced with no processing other than air 
drying. About 63% of the peat was shredded 
before sale, and only 1% was subjected to 
thermal drying. 


1975 


1980 


Figure 1.—Production and imports of peat in the United States. 
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Table 2.—Peat produced in the United States in 1976, by kind 


(Short tons) 


Shredded 


144,479 
211,194 
188 


610,616 


Processed 

Kiln- Shredded 

dried and 

only kiln-dried 
EE 1,500 
E 1,500 
687 2,954 
687 5,854 
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Total 


215,341 
444,180 
309,388 


969,459 


Table 3.—Production and commercial sales of peat in the United States in 1976, by State 


State 


Active 
plants 


186,694 


969,459 


Commercial sales 

Quanti Value 
tons) (thousands) 
83,201 $238 
18,814 1,287 
,087 763 
144,261 1,716 
4,108 178 
2,304 W 
300,050 8,714 
; 1,504 
21,776 568 
82,181 684 
2,998 121 
15,015 W 
14,060 103 
10.598 W 
173,980 6,226 
947,462 17,096 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
!Includes California, Georgia, Iowa, Massachusetts, Montana, North Dakota, Pennsylvania, and values indicated by 


symbol W 
Table 4.—Relative size of peat operations in the United States 
1975 1976 
Active plants Production Active plants Production 
= Percent Percent Percent Percent 
Num- um Short iam Num- pu Short χο 
br total tens total ber αὶ tens total 
Under 500 tons 22 20.2 8,597 0.5 23 22.5 9,998 0.4 
500 to 999 tons 11 10.0 7,629 1.0 15 147 11460 1.2 
1,000 to 4,999 tons 44 404 111507 14.5 32 314 83,936 8.6 
5,000 to 14,999 tons 18 16.5 158,558 19.9 16 15.7 135,614 14.0 
15,000 to 24,999 tons 9 83 176,825 22.9 7 6.9 128,942 13.2 
Over 25,000 tons 5 4.6 318,600 41.2 9 88 607,314 62.6 
Total l-- 109 00.0 771,716 00.0 102 100.0 — 969,459 100.0 
CONSUMPTION AND USES 


The amount of peat available for con- 
sumption in 1976 increased 2460 over that 
in 1975. This was principally due to substan- 
tial increases in commercial sales of peat 


and peat imports. 


Peat was used for a variety of purposes, 


but 86% of total commercial sales reported 
by producers were for general soil improve- 
ment. Among the principal markets for this 
peat were nurseries and greenhouses, which 


used peat as a mulch and as a medium for 


growing 


plants and shrubs; 


landscape 
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gardeners and contractors, who used peat 
for building and maintaining lawns and 
golf-course greens and for transplanting 
trees and shrubs; and garden, hardware, 
and variety stores, which sold peat to 
homeowners for mulching and improving 
lawn and garden soils. The remaining 1496 
of the peat was sold principally for use in 
potting soils, a market that has grown 
greatly in the past few years along with the 
household plant industry. Other uses for 
peat were for packing flowers and shrubs 
for shipment, and for mushroom beds, 
earthworm culture, seed inoculant, and 
mixed fertilizers. About 6960 of the peat 
sold commercially by producers was pack- 
aged, and this accounted for over 76% of 
the total value of sales. This was a 59% in- 
crease over packaged sales in 1975 and is a 
continuation of the industry trend in the 
past several years toward wider distribution 
and marketing, facilitated by the use of 


polyethylene bags. 
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Package sizes varied greatly, but most 
producers used 40-pound bags. Smaller bags 
have been used increasingly in the past 
several years for marketing both peat and 
potting soils. Five-, ten-, and twenty-pound 
bags of each have been commonly produced 
for household use. About 51% of the pack- 
aged peat sold in 1976 was of the reed-sedge 
type, 38% was humus, and 11% was moss 
peat. 

States leading in sales of packaged peat in 
1976 were Michigan, Pennsylvania, Indi- 
ana, and Illinois, in order of volume. To- 
gether, these States reported 84% of the 
total sales of packaged peat. Michigan, the 
largest producer, had 3996 of the total sales. 

Of the bulk peat sold in 1976, 62% was 
reportedly sold for general soil improve- 
ment. The remainder was sold mainly for 
use in potting soils, for packing flowers and 
shrubs, and in mixed fertilizers. States lead- 
ing in sales of bulk peat were Florida, 
Indiana, and Michigan, in order of volume. 


Table 5.—Commercial sales of peat in the United States in 1976, by kind and use 


Moss Reed-sedge Humus 
Quanti Value Quanti Value Quanti Value 
Use prar (thou- pend (thou- wetted (thou- 
tons) sands) tons) sands) tons) sands) 
Bulk: 
Soil improvement 64,844 $694 80,481 $1,114 86,535 $390 
Other uses 79,861 1,045 20,551 522 9,723 253 
Tota !!! 144,211 1,739 101,082 1,636 46,258 643 
Pac : 
il improvement 51,454 2,009 829,921 8,959 252,078 6,623 
Other uses 14.352 356 7,823 82 49 
Total Lese L ed 65,806 2,865 837,144 4,041 252,411 6,072 
Total : 
Soil improvement 116,298 2,708 410,402 5,078 288,613 7,013 
Other uses 98,719 1,401 28,874 604 10,056 
Grand total 210,017 4,104 438,776 5,677 298,669 7,315 
Table 6.—Commercial sales of peat in the United States in 1976, by use 
In bulk In packages Total 
U Quantity Value Quantity Value Quanti Value 
T (short (thou- (short (thou- nd (thou- 
tons) sands) tons) sands) tons) sands) 
Soil improvement 181,860 $2,198 633,453 $12,591 815,313 $14,789 
er, inoculan ο πια κκ κοπο μη 175 2 nae Aes 175 2 
ac owers, 
prc dete JJ ele tee RESI IR IR m 25,679 856 4,548 64 30,221 420 
Potting soils 47,260 898 12,325 265 59,585 1,168 
Mushroom bels 2,831 61 A M 2,881 61 
Earthworm culture 4,919 59 9 (2) 4.928 59 
Mixed fertilizers _______________ 20,232 188 μα nM 282 188 
Her ee ο ος ο S asas 8,545 256 5,626 158 14,171 414 
Total πανω πας ο κο 22 S 291,501 4,018 655,961 13,078 947,462 17,096 


!Less than 1/2 unit. 
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PRICES AND SPECIFICATIONS 


Prices of peat at individual operations 
varied greatly in 1976, with the price de- 
pending mainly upon the kind of peat sold, 
the amount of processing, and whether the 
peat was sold in bulk or package form. 

The overall average value per ton, f.o.b. 
plant, for all peat sold in 1976 was $18.04, 
up from $16.49 in 1975. Most of the increase 
was attributed to higher average receipts 
for peat sold in 14 States, with significant 
price increases occurring in Minnesota, 
Ohio, Massachusetts, Pennsylvania, and 
Iowa. 

The average value of bulk peat increased 
1590 to $18.78 per ton. Packaged prices 
decreased 196 to $19.94, probably owing to 
competition in the marketplace. Increased 
sales at higher prices by producers in Flori- 
da, Michigan, and Indiana contributed to 
the higher average price of bulk peat. The 
unit value of packaged peat was influenced 
mainly by packaged sales in Pennsylvania, 
Michigan, Minnesota, and Indiana. 

In a few instances, when producers did 


not report the value of peat sold, the sales 
value was estimated based on the average 
value of a similar type of peat sold within 
the State. 

Imported peat had a total value of $29.5 
million in 1976. This value was 24% greater 
than in 1975, the average value per ton 
increased from $82.17 to $87.24. 

Although the average value per ton of 
imported peat was four times that of do- 
mestically produced packaged peat, these 
values were not comparable because im- 
ported peat was less dense and of higher 
quality than domestic peat. Each 100 
pounds of a typical air-dried imported peat 
measured approximately 12  bushels, 
whereas the same weight of a typical do- 
mestic peat measured only 3 or 4 bushels. 
The imported product was usually sold on 
a volume rather than a weight basis. A few 
domestic operations, in the northern lati- 
tudes, produced peat with properties simi- 
lar to those of the imported kind. 


FOREIGN TRADE 


The quantity of peat imported into the 
United States in 1976 totaled 338,000 short 
tons. This tonnage was 16% greater than 
that imported in 1975 and represented a 
recovery from the previous year's depressed 
import market. Canada provided 97% of the 
peat imports. Most of the remaining im- 
ports of peat were supplied by Europe. 
European shipments to the United States 
increased 20% in 1976, in contrast to a 48% 
decrease in 1975. 

Imported peat was classified according to 
use, either as poultry and stable grade or as 
fertilizer grade. Except for a duty of $0.50 


per long ton levied on poultry and stable 
grade peat from countries with centrally 
controlled economies, there was no tariff on 
peat. 

Foreign peat entered the United States 
through 28 customs districts in 1976, but 
89% of the total was shipped through the 
customs districts of Buffalo, N.Y., Detroit, 
Mich., Ogdensburg, N.Y., Pembina, N.Dak., 
Portland, Maine, St. Albans, Vt., and Seat- 
tle, Wash. The largest quantity, 94,000 tons, 
was shipped through the Ogdensburg 
district. 


Table 7.—U.S. imports for consumption of peat moss, by grade and country 


Fertilizer- 


Poultry- and 
stable-grade grade Total 
Country Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou 
tons) san tons) san tons) san 
1975 
e,, v mci set 6,243 55 276,947 $22,858 283,190 223,313 
Dim ß ο asas. 7 (1) -- Kc 7 (4 
Germany, Week 837 26 6,567 512 6,904 538 
Guatemala . _ _ _ _ _ LLL LLL 1 8 αἴ. E 1 
f nl ee 22 D 2. 10 (1) MER T 10 (3) 
ντιπ κ ⁊ mr y ασ Con τς. 18 
Netherlands 10 1 i 10 1 
United Kingdom .. _ _ - e iu 218 1 218 1 
Total; 2 Z T Sm ee SR a COE mas 6,626 48 283,732 23,371 290, 358 23,859 


See footnotes at end of table. 
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Table 7.—U.S. imports for consumption of peat moss, by grade and country —Continued 


Poultry- and Fertilizer- 
Pablo (cede grade Total 
Country Quantity Value Quantity Value Quantity Value 


(thou- (short (thou- (short (thou- 
pes sands) tons) sands) tons) sands) 


1976 
TP JJ PUES SORS ³ 8 5,012 507 $24,884 28,305 329, 346 28,812 
ασ mE E y K 8 56 5 88 4 94 

Chine, Teopile Republic f 17 1 a s u 1 
ο West. ο ee ee 530 39 7,868 516 8,398 615 
Ireland μμ l s muti E on δον 22 1 22 1 
Netherlands 1 * Doc 8 1 
NOFWHy o zu tes CAE 2 NN m 18 6 18 86 
weden Mn Me 76 7 76 7 
Switzerland _________________________ ate ο 1 1 1 ] 
USSR p eet p ο TA NE 23 2 28 2 
United Ringdomgmgggmgm -- NN 23 2 28 2 

TUE]... 2 c fo ee eae 5,618 553 332,433 28,939 888,051 29, 492 


11996 than 1/2 unit. 


Table 8.—U.S. imports for consumption of peat moss in 1976, by grade and 


customs district 
Poultry- and Fertilizer- 
stable-grade grade Total 
Customs district Quantity Value Quantity Value 9 Value 
(short (thou- (short (thou- (thou- 
tons) sands) tons) sands) [sinh sands) 
Baltimore, ktuudʒuu. 2 -- 488 $42 488 $42 
Boston, Maas SET = 82 6 82 
Buffalo, N.Y ~-n- 107 83,190 8,114 88,297 8,121 
l N GL ο SN EN 5 5 
it, Mich __ 7˙²t mmm 88 641 52 1 3,226 3,278 
Duluth, Minn ...............................-.-.-.... ES Ἐπ 12,174 1,299 12,174 ; 
Great Falls, Month == = < 17,877 1,881 17,877 1,881 
Honolulu, Ηἀαναὶ........................-..........-.. 17 ao "M 17 
Houston, Tess 50 8 280 20 830 28 
Los les Calif. u ul n s cn arx 600 58 600 58 
iami, Fa 169 11 498 32 601 43 
Milwaukee, Wiss re "NR 17 1 17 1 
Mobile, Ala _ _ _ 2 2L LLL LL S E 1,282 80 1,282 80 
New Orleans, lia EN ME 889 12 889 12 
New York, N.u“]n) 222-2222 22222- 4 417 81 446 85 
Nogales, Ari sas cm = 24 8 24 8 
Norfolk, Va uz omm L mu Z uuu 8 1 584 86 587 87 
Ogdensburg, N.— „„ 22 2 096 7,448 94,118 7,450 
Pembina, N. Dak ______________________ 762 101 27,018 2,888 ,180 2,989 
Philadelphia, Pa _____________________ _ 44 4 188 11 18ὸ 15 
Portlan ος ο RO C 3,503 346 31,016 2,699 34,519 8,045 
St. Albans, Vt ______________________ EN πα , 2,908 489 2,808 
St. Louis, MJͥohͥͥ 6 1 1 14 2 
, ß ος ώρας αρα 149 11 52 δ 201 16 
San Juan, P.R ο PAS SN 1,271 96 1,271 96 
J σκι οσο = aa 87 2 MM -- 97 2 
Seattle, Vas 61 6 4,080 42,909 4,086 
ampa, Fla a ee 18 1 1,417 97 1,485 98 
τομ oc n ⁰ mD a IL 5,618 553 49892438 28,939 388,051 29,492 
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Table 9.—Peat moss imported for consumption from Canada and West Germany in 1976, 
by grade and customs district 
Canada West Germany 
Poultry- and Fertilizer- Poultry- and Fertilizer- 
—— stable-grade grade stable-grade grade 
Quantit Value Quanti Value Quanti Value Quanti Value 
(short. (thou- ae (thou- 5 (thou- t (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
Baltimore, Md dd x ... E — FEN s E τ 
Buffalo, N. 777 107 $7 38177 33,078 ον ae ote E 
Charleston, N.C .............. MW vin MP E a MN 51 b 
Detroit, Mich ... _ _ 641 52 81,183 3,226 us MM Lacs Et. 
Duluth, Minn 8 D 12,174 1,299 c ou 2s a 
Great Falls, Mont ΚΝ ο 7,377 1,891 i s τν oe 
Houston, Ten RW om ΜΉ mer 50 $8 280 20 
Los Angeles, Calif |... Ὃ Nn 25, o e c 600 58 
iami, Fla ____________ τω το. "e = 169 11 488 82 
Milwaukee, Wise AME 8 17 1 oh se ΕΝ ux 
Mobile Alla M = = m s= ae 1,282 
New Orleans, La PM EN 11 2 ΗΕ ΕΝ 878 70 
New York, N.Y N S NER es e 29 4 822 
Nogales, Ari doi EE 24 8 ES TT ΝΗ man 
Norfolk, aaa i es "e S ton e 584 86 
N Y .5-----...--.ς 22 096 7,448 N^ επ ae ον. 
Pembina, N. Dak 762 101 21,018 2,888 ES Le ΝΒ -- 
Philadelphia, fa us s ΜΝ PS 44 4 188 11 
d ine 8,447 341 ,961 2,693 zi FM PM TN 
St. Albans, vt Ἔα, s 29,463 807 er Es ES A 
St. Louis, Mo ................ 6 1 8 1 Μα ct == 
San Francisco, Calif _____ _ a E -- ΜῈ 149 11 52 
San Juan, P.R /.. NE "T n NON aes nee 1,271 
Savannah, G = n = ee 37 2 E 
Seattle, Wash __________ 8 42,825 4,028 84 8 n 
ampa, Fla .........-- oe "e i as 18 1 1,416 
Total 5,012 507 324, 334 28, 305 530 39 7,868 576 
WORLD REVIEW 


World production of peat in 1976 was 
estimated at 223 million tons, practically 
the same as in 1975. 

The U.S.S.R. was by far the largest peat 
producer, with an estimated 9596 of world 
production. According to published U.S.S.R. 
figures, 145 million tons of peat was pro- 
duced for agricultural use, and an estimated 
66 million tons was used for fuel. Agricul- 
tural peat was used for general soil im- 
provement and the manufacture of fertili- 
zers, and fuel peat was used for generating 
electric power and for industrial and dom- 
estic heating. 

Ireland ranked second in world peat pro- 
duction with an estimated 6.3 million tons, 
a 18% reduction from the 1975 output. 


Virtually all of Ireland's production was 
fuel peat used for generating electric power 
and for heating households. A small a- 
mount of agricultural peat was produced, 


principally for export. 


West Germany was the third ranking 
country with 2.7 million tons, about the 
same output as in 1975. Most of this pro- 
duction was for agricultural use, with only 
10% consumed as a fuel. 

Other producers, in order of tonnage, 
were the United States, the Netherlands, 
Canada, and Finland. The combined output 
of these countries was about 196 of the 
world total. Although the United States was 
fourth in world production, it produced less 
than 0.5% of the world total. 
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Table 10.—Peat: World production, by country 
(Thousand short tons) 
Country! 1974 1975 1976P 
Argentina «˙ q ee a uua c.c LIC 111 10 511 
C ·•¹¹0AA e. uon cr re man UL Lee Zt ro h èi 
Canada, agricultural use .......-.------------------.-.-.-.-. 407 398 397 
DPH. y 35 39 43 
Finland: 
Agricultural use? „„ 1101 1132 159 
Popea c m ⁵ v. dd yt ο απλα πο ο LL ee. 128 220 
France, agricultural use? __________________________________ 175 175 175 
y, West: 
Agricultural ise: oos So ol ecce ase 2,062 2,419 2,898 
350 JJ 8 e p^ 
ungary, agricultural usssdſdſſddd „ 2 72 
Ireland: 
Sul,, '- 82 74 78 
))ösW.. x AID AL e 4,693 7,519 6,225 
Israel, agricultural uedde?ʒ;h LL LLL LLL LLL LLL LLL 22 22 22 
Japan. eic ³o³Ü / Lec ο u ps cte 80 80 72 
Korea, Republic of, agricultural ue „„ „„ 4 4 4 
Netherlands 440 440 450 
Norway: 
iculturalusee = = 62 66 66 
ΕΙ ο λος ...... ⁵ Qa us NO ENERO eS 1 1 1 
Poland: 
cultural use? —— o c ο s | | R es te 40 40 40 
Fol- μα ⁵˙Ü!¹ẽ¹ wc usyay è́ĩt ELLE SSE a ic te 5 
dd edu amu ͥ⁰ i Lc é a E 29 38 *39 
Sweden: 
Agricultural unne!!dh!᷑!: !!! 81 84 *85 
ο Ες κ nc ced D cM y ZVV m a u z 40 37 °35 
U.S.S.R.: 
Agricultural ue LT 145,000 1145, 000 145, 000 
Bl ec νο λος n LU eid c y 8 "66,000 166,000 000 
United States, agricultural uusſſdʒdß „„ „ 731 772 969 
κανουν ο μα kr 8 220,509 223,960 222,856 
Fuel peat included in total „„ 71,108 74,181 72,810 


“Estimate. Preliminary. Revised 


In addition to the countries listed, Austria, Iceland and Italy produce eim pri quanties of fuel peat, and East 


Germany is a majo 
Τ᾽ of estimates of output levels. 
es. 


r producer, but output is not officially reported and a 


le information is inadequate for 


TECHNOLOGY 


Research conducted by the Department of 
Chemistry, University of Cincinnati, in- 
vestigated the possible use of peat as a 
lightweight and inexpensive substitute for 
the XAD-2 polystyrene beads presently 
being used in shipboard filter cartridges.? 
These cartridges contain a filter agent 
which removes the oil from bilge water 
before it is discharged into waterways, in 
order to meet pollution laws. The filter 
materials coalesce the oil so that it can be 
separated by gravity. It was found that the 
coalescence capabilities of dried Irish peat 
and sulfuric-acid-treated Michigan peat 
when tested in distilled and synthetic sea- 
water were comparable to that of the XAD- 
2 beads. Further research was required. 

First Colony Farms, Inc., a large agricul- 
tural corporation, has been investigating 
peat as a source of fuel for electric-power 
generation. Assisted by studies conducted 
by Ebasco, a private utilities consulting 
firm, First Colony estimated that the hu- 


mus peat reserve on its land near Roper, 
N.C., could fuel a 1,600-megawatt power- 
plant for 35 years. First Colony purchased 
$300,000 worth of harvesting equipment 
from the U.S.S.R. to assist in harvesting the 
peat and planned to produce crops on the 
reclaimed land. There were, reportedly, en- 
vironmental and political problems yet to 
be solved before the feasibility of the project 
could be evaluated. 

The Institute of Gas Technology, Chicago, 
Ill., continued an Experimental Program 
for the Development of Peat Gasification for 
the Minnesota Gas Co. under contract with 
the U.S. Department of Energy.*. The first 
phase of the program consisted of deter- 


28mith, E.F. and H.B. Mark, Jr. The Use of Modified 
Forms of Peat as an Oil Coalescer. J. Environ. Sci. Health, 
v. A-11, Nov. 12, 1976, pp. 121-184. 

*The News and Observer (Raleigh, N.C.). Peat Bogs May 
Yield New Fuel. July 19, 1977, p. 19. 

*U.S. Energy Research and Development Agency. Ex- 
perimental for the Development of Peat Gasifica- 
on Fossil Energy Rept. FE-2469-8, Supp. Rept. 1, April 


PEAT 


mining the chemical and physical charac- 
teristics of the different types of peat. It was 
found that reed-sedge peat had the most 
consistent content of nitrogen, oxygen, sul- 
fur, and ash. The second phase investigated 
the gasification reactivity of peat using a 
series of thermobalance tests. It was found 
that although peat is two to four times as 
reactive as bituminous coal, the carbon-to- 
gas conversion efficiency was lower because 
of the low calorific value of peat and also 
because of production of liquid chemical 
byproducts. It was demonstrated that about 
4396 of the energy value in peat could be 
recovered in a high-Btu gas stream and that 
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another 27% of this energy could be re- 
covered in the chemical byproducts. 

An economic evaluation was projected 
based on an extrapolated Hygas plant de- 
sign using reed-sedge peat. It was estimated 
that investment in an 80-billion-Btu-per- 
day, peat-to-gas conversion plant would to- 
tal $219 million. The production cost of the 
gas was estimated to be $2.14 per million 
Btu over a 20-year period, assuming a 90% 
steam factor and a delivered price of $5 per 
ton for peat. The major byproduct would be 
about 1 barrel of chemical byproducts, most- 
ly benzene, naphthalene, and phenols, per 
10,000 standard cubic feet of gas. 
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Perlite 


By A. C. Meisinger! 


Crude perlite production by the domestic 
industry in 1976 was the second highest on 
record for the quantity mined (727,000 tons) 
and for the quantity sold or used (553,000 
tons) by crude ore producers for expanding. 
Value of crude perlite output was $9.4 
million, or 29% greater than the previous 
record high set in 1975. New Mexico contin- 
ued to be the major perlite-producing 
State with 86% of the total crude ore mined 
and established a record 481,368 tons sold or 
used from five mines, compared with the 
previous high of 480,024 tons in 1914. 

Average value of crude perlite sold or 
used was $17 per ton or an increase of 


19.5% over the previous record value in 
1975. 

Domestic perlite expanders set alltime 
highs in output of expanded perlite in 1976. 
The quantity produced was 438,000 tons 
compared with the previous high of 427,000 
tons in 1972, and the quantity sold or used 
was 432,000 tons compared with the pre- 
vious high of 421,000 tons in 1972. The value 
of expanded perlite sold or used was a new 
record of $41.0 million, compared with the 
old record of $34.3 million in 1975. Com- 
bined output of several new expanding 
plants contributed to the 1976 record total 
output. Illinois and Texas were the leading 
expanded perlite-producing States. 


Table 1.—Crude and expanded perlite produced and sold or used by producers in the 


United 


States 


(Thousand short tons and thousand dollars) 


Crude perlite Expanded perlite 
Y Sold lant edito την Sold or used 
ear Quantity Plant to make quantity Quantity or 
mined expanded material sold and produced "Quantity Value 
Quantity Value Quantity Value 
1912 eo 649 224 2,540 321 8,691 545 421 421 28,397 
1919 759 2,771 306 2,819 544 424 418 28, 005 
1974 ___ 676 275 8,544 280 3,480 555 423 419 30,808 
19715 ie 706 8,407 213 3,874 512 401 394 ,258 
o ———— 721 288 4,908 265 4,489 553 438 432 41,017 
DOMESTIC PRODUCTION 


The quantity of crude perlite produced by 
11 companies at 12 mines in 6 States in 1976 
was 727,000 tons, or 3% greater than that in 
1975. New Mexico, with five mining oper- 
ations, continued to be the principal source 
of crude perlite in the United States. New 
Mexico produced 8690 of the mined ore in 
1976, followed by Arizona, California, Colo- 
rado, Nevada, and Idaho in descending or- 


der of production. The quantity of crude 
perlite ore sold or used in New Mexico was a 
record high of 481,368 tons. 

Crude perlite sold or used by producers 
totaled 553,000 tons valued at $9.4 million 
compared with 512,000 tons valued at $7.3 


Industry economist, Division of Nonmetallic Minerals. 
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million in 1975. The increase of 8% in 
quantity over that of 1915 was attributed in 
part to the opening in 1976 of the new 
mining and processing facilities of Grefco, 
Inc., at Socorro, N.Mex. The increase of 
29% in value over that of 1975 established a 
new record in total sales value of crude 
perlite to expanding plants. 

Producers of crude perlite during the 
year were Filters International, Inc., Har- 
borlite Corp., and Guzman Construction Co. 
in Arizona; American Perlite Corp. in Cali- 
fornia; Persolite Products, Inc. in Colorado; 
Oneida Perlite Corp. in Idaho; Delamar- 
Mackie Perlite and United States Gypsum 
Co. in Nevada; and Grefco, Inc., Johns- 
Manville Sales Corp., Silbrico Corp., and 
United States Gypsum Co., all with oper- 
ations in New Mexico. 
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The quantity of expanded perlite pro- 
duced at 74 plants in 32 States totaled a re- 
cord high of 438,000 tons, or 996 more than 
that produced at 69 plants in 29 States in 
1915. The quantity (432,345 tons) and value 
($41 million) of expanded perlite sold or 
used were alltime highs and represented 
increases of 10% in quantity and 2096 in 
value compared with 1975 figures. 

Leading States in descending order of 
expanded perlite production in 1976 were 
Illinois, Texas, Kentucky, Mississippi, Colo- 
rado, Pennsylvania, California, New Jersey, 
and Florida. California and Texas each had 
seven producing plants, followed by Illinois, 
Indiana, and Pennsylvania with five each. 
New expanding plants in operation in 1976 
were located in California, Pennsylvania, 
Texas, Utah, Virginia, West Virginia, and 
Wyoming. 


Table 2.—Expanded perlite produced and sold or used by producers in the United States 


1975 1916 
pred Sold or used yea Sold or used 
State pro- Quan- Average pro- Quan- Average 
(short short (thou. eem (short AA (thou. piens 
ο 

tons) tons) sands) ton tons) tons) sands) ton 
California 25,009 300 $2,695 — $110.91 28,050 27,859 $3,282 $119.97 
Florida 21,286 1,844 1,431 67.06 23,784 28,611 1,552 65.78 
Indiana 15,499 15,144 1,122 74.08 15,171 15,102 1,228 81.28 
F 800 831 123 147.96 991 932 140 150.00 
CFC 5, 400 5,892 658 122.03 5,700 5,644 689 122.08 
New York .................... 5,871 5,229 664 126.98 6,776 6,715 878 180.68 
Ohio ec ee 11,997 11,941 996 83.89 11,714 11,703 952 81.34 
Pennsylvania 33,693 343 2,619 18.55 33,085 33,122 2,707 81.74 
Texas __ _ _ ce 89,777 88,577 580 66.87 88,07 87,830 8,857 101.97 
Other State? 242,442 237,870 21,370 89.84 274745 270, 327 25,782 95.19 
Total ----------- 401,274 393,971 34,258 86.96 438,089 432,345 41,017 94.87 


‘Includes Colorado, Geo I 
Mississippi, Nebraska (1975), E: 
Virginia 1916), West Virginia (1976), 


daho, ine Iowa, Kentucky, 
Hampshire, New J 
ο... and Wyoming (197 


iana, Maine, Mary κ ο. 
ο τον, Nor Carolina OO Oregon Tania tah, 


CONSUMPTION AND USES 


Domestic consumption of expanded per- 
lite increased 10% in quantity over that of 
1975 and was an alltime high of 432,345 
tons. À percent distribution by end use is 
shown in table 3. In descending order of 
quantity sold or used, the principal uses for 
expanded perlite in 1976 were roof insu- 
lation board, filter aids, acoustical tile, hor- 
ticultural aggregate, concrete aggregate, 
and plaster aggregate. Expanded perlite 
sold or used for filter aids, acoustical tile, 
and insulation board combined, accounted 
for 291,000 tons or 6790 of the total quantity 
and 5790 of the total value of sales in 1976. 

Compared with 1975, plaster aggregate 


use declined from 8% to 6%; concrete aggre- 
gate, from 8% to 7%; and formed products, 


Table 3.—End use of expanded perlite 


(Percent) 


1976 


aggregate 
Concrete aggregate 
Horticultural aggregate 
Low-temperature insulation _ _ _ __ ' 
Masonry and cavity fill insulation _ _ 
e 


8 to 
bat = QO » 00 00 OO =a 

to 
= © m GƏ 92 CO IQA 


— 


Includes insulation board. 


PERLITE 


from 11% to 10% of total consumption. End- 
use categories that remained unchanged in 
1976 were filter aid (2190), masonry and 
cavity fill insulation (8%), and fillers (1%). 
Expanded perlite used as horticultural 
aggregates continued to increase in popu- 
larity (from 5% in 1973 to 9% in 1976) and 
accounted for nearly 36,900 tons in 1976 


959 


compared with 31,200 tons in 1975. Low- 
temperature insulation and various other 
uses increased modestly in 1976. The 
“Other” uses category included (other than 
insulation board and acoustical tile) such 
items as pipe insulation, foundry applica- 
tions, paint texturizers, oil absorbent, fines, 
and specialty products. 


PRICES 


Processed (crushed, cleaned, and sized) 
crude perlite was sold by producers to 
expanders at an average price of $17.04 per 
ton, or an increase of $2.78 per ton over that 
in 1975. Crude perlite used by producers in 
their own expanding plants was valued at 
$16.94 per ton, or an increase of $2.75 per 
ton compared with that in 1975. The weight- 
ed average price of crude processed perlite 
was $16.99 per ton, or an increase of $2.77 
per ton over that of 1975. 


Expanded perlite sold or used, according 
to expanders, was valued at $94.87 per ton 
compared with $86.96 per ton in 1975. 
Average values for expanded perlite by 
States ranged from $40 to $167 per ton, 
compared with the 1975 range of $36 to $186 
per ton. Average prices per end use in 1976 
ranged from $37 per ton for acoustical tile 
to $240 per ton for low-temperature insu- 
lation. 


WORLD REVIEW 


Greece.—Preliminary figures for crude 
and processed perlite (for export) in 1976 


indicated a significant increase over 1975 


production. Production of perlite in Greece 
for the 1974-76 period is given in the follow- 
ing table, in short tons: 


1974 1975 19165 
Crude ore "234,800 177,500 259,800 
ore 
(for export 125,900 124,700 131,400 


General Enterprises Sarides, S.A. (for- 
merly L. K. Sarides Mining Enterprises) of 
Piraeous, commenced construction of a new 
perlite processing plant on Milos. Crude ore 
from the company’s open pit mine will be 
processed in the plant and classified into 
three grades ranging from 0.5 millimeter to 
2.5 millimeters in size. The company has 
also started improvements in the docking 
facilities at the port of Adamas for handling 
larger shipments of perlite for export. 


Mexico.— Production of crude perlite 
from Mexican operations in 1976 totaled 
16,000 tons, or 5,000 tons under the 1975 
output. 

Philippines.—Crude perlite produced in 
1976 increased substantially, from 733 tons 
in 1975 to 1,818 tons. 

Grefco, Inc., Los Angeles, Calif., in asso- 
ciation with local Philippine interests, 
started construction of a filter aid plant 
near Legaspi, Albay, on the Island of Luzon. 
The expanding plant, scheduled to be in 
operation by mid-1977, will help to supply 
perlite filter aid demand in the Philippines 
and certain market areas of the Far East. 

South Africa, Republic of.—The perlite 
mining operation of Pratley Perlite Mining 
Co. (Pty.) Ltd. went on stream at yearend. 
The deposit is on the Nxwala Estate, Zulu- 
land. The crude ore will be transported to a 
processing plant at Krugersdorp. 

A joint venture between Grefco, Inc., Los 
Angeles, and Chemical Holdings, Ltd. of 
Sandton, Transvaal, to construct a filter 
aid plant at Olifantsfontein near 
Johannesburg, was announced by Grefco. 
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Crude Petroleum and 
Petroleum Products 


By William B. Harper, Bernadette C. Michalski,? John R. Reiss, and 


Michelle R. Parker * 
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Reflecting a moderate recovery in the 
economy coupled with an unusually severe 
winter, domestic demand’ for petroleum 
products in 1976 increased sharply over 
1975 and exceeded the previous high of 1973 
by a slight margin. Sharp gains occurred in 
the demand for residual fuel oil and distil- 
late fuel oil and moderate gains occurred in 
motor gasoline demand, as a result, overall 
domestic demand rose 6.9% to 17.5 million 
barrels per day (bpd) from 16.3 million bpd 
in 1975. Production of crude oil, lease con- 
densate, and natural gas liquids continued 
to decline making it necessary to increase 
imports of crude oil and refined products 
significantly to have an adequate supply to 

meet demand. 


TMineral industr specialist ist (petroleum), Division of Petro- 
leum and Natural as. 


2Mineral specialist, Division of Petroleum and Natural 
Gas 
*Physical scientist, Division of Petroleum and Natural 


as. 

Statistical assistant, Division of Fuels Data. 

Certain terms as used in this chapter are more or less 
unique to the petroleum industry. Principal terms and 
their meanings are: Total demand.—A derived figure 
representing total new supply plus decreases or minus 
increases in reported stocks (because there are substantial 
consumers’ stocks that are not reported to the Bureau of 
Mines, this figure varies considerably from consumption 
as reported by the Federal Highway Administration of the 
Department of Transportation); Domestic demand.—Total 
demand less exports; New supply of all oils.—The sum of 
crude oil production plus production of natural gas liquids, 
plus benzol (coke oven) used for motor fuel, hydrogen, and 
other hydrocarbons plus imports of crude oil and other 
petroleum products; Transfers.—Crude oil conveyed to 
fuel-oil stocks without processing, or reclassification of 
products from one product category to another; All oils.— 
Crude petroleum, natural gas liquids, and their deriva- 
tives; Exports.—Includes shipments to U.S. territories, 
possessions, and free trade zones; Imports.—Includes 
receipts from U.S. territories, possessions, and free trade 
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Figure 1.—Supply and demand of all oils in the United States. 


New supply consists of domestic pro- 
duction of crude oil, lease condensate, natu- 
ral gas plant liquids, and imports of crude 
oil and petroleum products. In 1976, imports 
supplied 42% of requirements compared 
with 37% in 1975. Imports of crude oil 
averaged nearly 5.3 million bpd in 1976, a 
28.8% increase over the 4.1 million bpd 
average in 1975. Imports of products, such 
as increased receipts of residual fuel oil, 
more than offset declines in the imports of 
motor gasoline, jet fuels, and distillate fuel 
oil with a net result of an overall increase of 
3% in 1976. 

Refineries processed 4.9 billion barrels of 


oil in 1976, which is about 1 million bpd 
greater than in 1975. Foreign crude oil 
accounted for 39% of refinery input (table 
18) compared with 33% in 1975. About 23% 
of the imported crude oil originated in 
Saudi Arabia in 1976 compared with 17% in 
1975. 

Construction of the 800-mile-long Trans- 
Alaska Pipeline was nearing completion. 
Oil was scheduled to start moving south- 
ward in late June 1977, filling the pipeline 
at about 300,000 bpd. Regular tanker load- 
ings were expected to begin about mid- 
August 1977. 
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Table 1.—Salient statistics of crude petroleum, refined products, and natural gas liquids 
in the United States 


(Thousand 42-gallon barrels unless otherwise indicated) 


1972 
Crude petroleum: 
Domestic production (including 
lease condensatee --------- 3,455,368 
World production 18,600,745 
S. proportion percent. 19 
Export)! 187 
Imports 811.135 
procka; end of year _~____________ 246,395 
to stills 4,280,863 
Value of domestic product at 
wells: 
Total thousands . $11,706,510 
Average per barrel $3.39 
Total producing oil wells Dec. 31 _ _ _ _ _ 508,443 
Total oil wells compiea during 
year (successful wells) 11,306 
Refined p products: 
Export] 81,202 
Imports (including unfinished oils 
and plant condensate) _________ 924,179 
Stocks end of ye: 712,584 
Completed refineries, end of year __ _ _ 277 
Daily crude-oil capacity iu 13,775 
Na gas liquids: 
Production 638, 216 
CEN end of year _____________ 79,238 
oils 
Total 5 of primary supply .... 6,076, 346 
Exporta -- ΕΕ 81,389 
Total de domestic demand for 
pouce (including crude-oil 
UU RERO K 5,994,957 


P Preliminary (except for crude production and value). 
10.9. Department of Commerce data. 
3Reported to the Bureau of Mines. 


1978 1974 1975 19165 
3,360,903 3,202,585 3,056,779 2,976,180 
20,367,981 20,537,727 19,497, 21,187,147 
17 16 16 14 
697 1,074 2,146 2,941 
1,183,996 1,269,155 1,498,181 1,935,142 
242,478 ; , 471 
4,537,254 4,428,726 4,541,426 4,910,240 
$13,057,905 821,580,549 $23,116,059 824, 229,540 
$3.89 $6.74 $1.56 $8.14 
497,318 497,631 500,333 499,236 
9,902 12,784 16,408 17,059 
83,716 79,417 74.282 78, 658 
1,099,497 961,792 712,154 134,787 
165,829 808,626 861 m 826, 270 

284 290 

14,489 15,169 15 428 16, 610 
634,423 616,098 595,958 581,045 
94,106 108,377 118,214 112,256 
6,406,613 6,163,519 6,038,842 6,471,002 
84,413 80,491 16,428 81,599 
6,322,200 6,083,028 5,962,414 6,389,403 


U.S. Department of Commerce, Oil Import Administration and Federal Energy Administration data, except for 
unfinished oils and plant condensate which are Bureau of Mines data 
*Stocks of refined products also include stocks of unfinished oils, natural gasoline, plant condensate and isopentane. 


The Federal Government offered 536 
tracts of land for lease on the Outer Conti- 
nental Shelf (OCS), during 1976. Much of it 
(475 tracts) was in unexplored areas off 
Alaska, the Atlantic States, and the Gulf of 
Mexico. One of the OCS sales was a drain- 
age sale (the sale of unleased tracts of land 


Offshore location Date 
Gulf of Mexico Feb. 188 
Gulf of Alaska Apr. 11 
Atlantic coat Aug. 177 
Gulf of Mexico Nov. 1b 
% ³ ptio 2 m Lc ie 


Subsequently, the OCS sale of August 17, 
1976 located off the Atlantic coast was 
declared void by a Federal Judge of the 


U. S. District Court. The Secretary of the 


Department of the Interior asked the Jus- 
tice Department to appeal the decision on 
rescinding the sale of drilling rights off the 


that offset producing tracts) in the Gulf of 
Mexico. The bids received and the parties 
bidding on the drainage sale tracts, reflect 
the continued interest in the Gulf of Mexico 
as a mature oil and gas producing province, 
as shown in the following tabulation: 


Total 
Offered Leased anai 
Tracts Acreage Tracts Acreage ei 
dollars 
132 063 34 161,286 $175 
189 1,008,500 81 432,214 5172 
154 876,722 101 514,998 1,135 
61 847,274 48 273, 364 318 
536 2, 920, 558 264 1,441,757 $2,200 


Atlantic coast. On April 25, 1977, the appeal 
was heard by the U.S. Court of Appeals. The 
Appelate Court reversed the decision, 
ruling that the Department of the Interior 
environmental studies fully met all legal 
requirements. 
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Figure 2.—Production of crude petroleum in the United States, 
by principal producing States. 
CRUDE PETROLEUM 


PRODUCTION 


In 1976, production of crude oil, including 
lease condensate, continued the 6-year 
downtrend that began in 1970, but at a 
more moderate rate. In 1976, production 
totaled 2,976.2 million barrels which was 
80.6 million barrels or 2.6% below that of 
1975. In 1975, however, production was 
145.8 million barrels or 4.6% below the 1974 
level (table 1). 

The largest declines in 1976 occurred in 
Louisiana, (44.3 million barrels) and Texas, 
(32.4 million barrels). These two States 
accounted for 95.2% of the decline, and 
there were declines of varying degrees in 17 


other oil-producing States. Likewise, pro- 
duction increased in 13 oil-producing States, 
of which the most significant were, in mil- 
lions of barrels, Michigan, 6.0, California, 
3.8, Florida, 2.6, Arkansas, 2.0, North Dako- 
ta, 1.3, and Alabama, 1.3. A net increase of 
3.8 million barrels in California reflected 
the opening of Elk Hills Naval Petroleum 
Reserve (NPR) No. 1 for exploration and 
development. Production in the East Cen- 
tral area of California, where NPR No. 1 is 
located, increased 18.4 million barrels in 
1976 and more than offset the 14.6 million 
barrel decrease in other parts of the State. 
Other changes are shown in table 6. 
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Figure 3.—Wells drilled for oil and natural gas in the United States, by quarter. 


DRILLING ACTIVITY 


There were 17,059 oil wells and 9,085 gas 
wells completed during 1976 in the United 
States, and 13,621 dry holes were drilled 
(excluding service and stratigraphic well 
core tests) This compared favorably with 
activities in 1975 when 16,408 oil wells and 
7,580 gas wells were completed and 13,247 
dry holes were drilled (table 8). 

Total wells drilled relating to oil and gas 
exploration and production in 1976 were 
41,455 totaling 185,344,695 feet. This was 
2,358 more wells than the 39,097 wells and 
178,505,507 footage drilled in 1975. The 
Hughes Tool Co. rig count reported a 
decline in the number of active rigs in 
operation; 1,808 during 1976 compared with 
1,828 in 19775. 

In early 1976 the decline in drilling rig 
activity was greater than the usual seasonal 
decline. The Federal Government removed 
crude oil produced from stripper well leases 
from price controls. Α new classification of 
new oil as the amount of oil produced from 
the lease less the property's base production 
control level of oil produced in 1975, encour- 
aged infill drilling. This resulted in the 
second half of 19776 rig activity rising to an 
average of 1,916 drilling rigs in operation, 
compared with the 1,707 average operating 
in the first half of the year. Infill drilling is 


development well drilling to expand the 
rate of production from the reservoir by 
increasing the number of producing wells. 
The lease holder must sell that amount of 
base production control oil at the lower tier 
price. Any production above the control 
level may be sold at the upper tier price. 

A review of significant petroleum pro- 
ducing States showed that most States had 
increases in the number of rigs working. 
Texas, the most active State, averaged 654 
rigs working during the year, up by nine 
units from 1975. Louisiana had an average 
of 242 rigs working during 1976, an increase 
of two units. 

Other major States with higher activity 
included California, Mississippi, and Okla- 
homa. The major States that showed 
declines in activity were Colorado, Kansas, 
Michigan, New Mexico, Utah, and Wyo- 
ming. 

Deep drilling is an indication of interest 
in a region to confirm hydrocarbon deposits, 
and stratigraphic test wells are drilled to 
obtain core samples and to accurately meas- 
ure the subsurface for the petroleum poten- 
tial. During 1976 deep drilling regional 
records were set; in the Texas Panhandle a 
well was drilled to 24,482 feet, Louisiana 
interests drilled a dry hole to 24,220 feet, 
and in Wyoming a well was drilled to 22,431 
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feet. The first well drilled offshore Mas- 
sachusetts, the “Cost G-2" was drilled to 
16,070 feet as a stratigraphic test. This well 
indicated the possibility of hydrocarbon 
generation from source beds that are 
present and abundant. Reservoir rocks 
throughout most of the geologic section 
have low permeability and porosity that 
range from 30% at the shallower depths to 
1090 at the deeper depths. 


RESERVES 


Based on the report of the Committee on 
Reserves of the American Petroleum Insti- 
tute (ΑΡΙ) proved reserves of crude oil as of 
December 31, 1976, were estimated at 30.9 
billion barrels. Included in the reserve esti- 
mates are quantities of all liquids defined as 
crude oil, which geological and engineering 
data demonstrate with reasonable certainty 
to be recoverable under existing economic 
and operating conditions. Reserves at year- 
end 1976 were 1.7 billion barrels less than 
at yearend 1975, and continued the down- 
trend that began in 1971. Annual esti- 
mates by the API showed additions to re- 
serves from new field discoveries, new reser- 
voir discoveries, and extensions of old fields 
totaled 1.1 billion barrels. Domestic pro- 
duction of 2.8 billion barrels accounted for 
the 1.7-bilion-barrel reduction in proved 
reserves (table 12). 

The net change in proved reserves was 
positive for Indiana, Michigan, Nebraska, 
Ohio, Pennsylvania, and Tennessee, ac- 
counting for 190 of the proved reserves of 55 
million barrels being added. The major 
producing States, Alaska, Texas, California, 
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Louisiana, and Oklahoma, account for 88% 
of the United States proved reserves; these 
five States had a net reduction in proved 
reserves of 1.6 billion barrels. With this 
continued decline in proved reserves for the 
past 7 years, America has become depen- 
dent on foreign crude oil and petroleum 
products to meet the U.S. demand for petro- 
leum and hydrocarbon products. In 1976, 
about 4190 of domestic requirements was 
supplied from net imports of crude oil and 
petroleum products from foreign coun- 
tries. 


CRUDE SUPPLY 


Total receipts of crude oil at refineries in 
1976 were 4,920 million barrels, or 13.4 
million bpd, an increase of 1.4 million bpd. 
Foreign receipts from overseas sources to- 
taled 1.9 billion barrels, or nearly 5.3 mil- 
lion bpd, of which 72% originated from the 
Middle East and Africa. The Canadian Gov- 
ernment continued to phase out its oil 
exports to the United States, while Mexico 
supplied the United States with 86,000 bpd 
in 1976, or 15,000 bpd more than in 1975. 


CRUDE OIL CONSUMPTION 


Oil refineries processed 4.9 billion barrels 
(13.4 million bpd), of which 6196 was do- 
mestic crude oil and lease condensate and 
39% originated in foreign countries. Based 
on operable refinery capacity at yearend 
19776, refineries operated at 81% of distilla- 
tion capacity of 16.4 million barrels per 
calendar day. 


REFINING 


Operable refinery capacity in the United 
States at yearend 1976 amounted to 16.4 
million bpd, up 10% from yearend 1915. 
Refinery output averaged 13.4 million bpd 
during 1976, with motor gasoline account- 
ing for nearly one-half of the production. 
Output of refined products from U.S. refin- 
eries accounted for only 80% of total de- 
mand for refined petroleum products in 
1976, with the remainder supplied by im- 
ported products. About 5096 of the residual 
fuel oil demand was met from domestic 
refinery output. 

At yearend 1976, 291 petroleum refineries 
were dispersed across the country, with half 
of the operating capacity located in three 
States; California, Louisiana, and Texas. 


Expansion projects were planned or under- 
way at numerous plants, and the largest 
refinery to be built in the United States in 
one phase was under construction at Cary- 
ville, La. The first units of that facility were 
Started up during the fourth quarter of 
1976, and the remaining construction pro- 
jects at the 200,000-bpd refinery were sched- 
uled to be completed early in 1977. 

The Standard Oil Co. of California, Shell 
Oil Co., Standard Oil Co. (Indiana), Exxon 
Corp., and Texaco are the predominant 
refiners in the United States. Exxon’s 
510,000-bpd plant at Baton Rouge, La., was 
the largest in the country, and a 250,000- 
bpd expansion to Exxon’s Baytown, Tex., 
plant under construction during 1976 and 
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scheduled for completion in 1977, will 
expand that refinery to 640,000 bpd exceed- 
ed only by the Abadan refinery in Iran. 


SUPPLY AND DEMAND 


Demand for petroleum products in 1976 
averaged 17.5 million bpd, a 6.9% increase 
over the 16.3 million bpd of 1975. The 
supply needed to meet this demand was 
derived in 1976 from production of crude oil 
and lease condensate averaging 8.1 million 
bpd plus production of natural gas liquids of 
1.6 million bpd. This supply was supple- 
mented with crude oil imports of 5.3 million 
bpd compared with 4.1 million bpd in 1975. 
Product imports in 1976 averaged 1.9 mil- 
lion bpd, which was about 67,000 bpd higher 
than 1975. A processing gain of 477,000 bpd 
filled the supply gap in 1976. 


MOTOR GASOLINE 


As a result of a moderate recovery in the 
economy, demand for motor gasoline in 
1976 aggregated about 2.6 billion barrels or 
7 million bpd, a 4% increase over 1975 
(table 23). The Federal Highway Admini- 


stration (FHA) of the Department of Trans- 


portation compiles data on motor gasoline 
use based on motor fuel tax reports filed 
with the States. Also, the FHA calculates 
data for highway and nonhighway use. The 
estimate of total usage 1976 averaged 
7,183,000 bpd, or 4.9% above that of 1975. 

Restrictions on motor gasoline by the 
Federal Energy Administration (FEA) un- 
der the Energy Policy and Conservation Act 
(EPCA) remained in full force and effect in 
1976 and carried over into 1977. 

Except for one premium gasoline market- 
ed primarily on the east coast and in the 
south, all motor gasolines contained lead 
alkyl antiknock compounds until 1970 to 
increase octane quality. But with the agita- 
tion against the use of lead growing in 
intensity in 1971, automobile manufactur- 
ers in the United States began to build 
engines designed to operate on gasolines of 
nominal 91 Research Octane Number 
(RON). Unleaded and lowlead gasolines 
were introduced to supplement the conven- 
tional and well established gasolines such 
as premium and regular grades. 

Since many motor vehicles in the United 
States, beginning with the 1975 model year, 
were equipped with catalytic converters, 
the Environmental Protection Agency 
(EPA) required most service stations, begin- 
ning in July 1974, to offer for sale at least 
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one grade of 91 RON unleaded gasoline. 

During 1976, tetraethyl lead was being 
phased out as the dominant motor gasoline 
octane booster, because the EPA considers 
the emissions from engines burning leaded 
fuels a health hazard. As a substitute for 
tetraethyl lead as an octane booster, do- 
mestic refiners used methylcyclopenta- 
dienyl manganese tricarbonly (MMT), pro- . 
duced by the Ethyl Corp., to produce large 
quantities of unleaded motor gasoline. 
Meanwhile, the EPA and domestic auto- 
mobile manufacturers are pursuing inves- 
tigations into the performance of MMT. 

More than three-fourths of the motor 
gasoline sold in the United States during 
1976 contained tetraethyl lead additives, 
but sales of unleaded fuels continued an 
upward trend. According to Ethyl Corp., 
sales of unleaded motor gasoline accounted 
for 17% of the total motor gasoline sales in 
January 1976, rose to 20% in June, and 
further increased to 23% in December. 

During the year, the EPA issued regula- 
tions amending the schedule for phasing 
down the lead content in motor gasolines 
that requires refiners to meet average lead 
levels of 0.8 gram per gallon on January 1, 
1978, and 0.5 gram per gallon on October 1, 
1979. The Government revised the schedule 
in an effort to avoid possible shortages in 
gasoline supplies in 1977-78, while refiners 
installed the processing units necessary to 
produce unleaded fuel.* 


AVIATION FUELS 


Demand for aviation gasoline in 1976 
totaled nearly 13.4 million barrels or about 
5% less than in 1975 (table 25). From a peak 
of 38.1 million barrels in 1958, demand for 
aviation gasoline had shrunk to 13.3 million 
barrels by yearend 1976. Most of this re- 
duction reflects the transition from the use 
of piston driven engines to the jet turbine 
types. 

Aviation Gasoline.—Aviation gasoline, 
one of the most complex fuels produced, is 
subject to process control under ASTM- 
Specification D-910. In addition, there are 
other aviation gasoline specifications such 
as the U.S. Department of Defense (military 
specifications) and the British Ministry of 
Defense (D Eng RD specifications). 

Jet Fuels.—The specification for aviation 
turbine fuels, ASTM D-1655, outlines re- 
quirements for three types of fuel: Jet A, a 
40*C freeze point kerosine used within the 
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Figure 4.—Production, domestic demand, stocks, and exports of gasoline 
in the United States. 


United States; Jet A-1, a 50* C freeze point 
kerosine which is the standard grade used 
for international flights; and Jet B, a wide- 
cut gasoline grade which at the present 
time is only in limited civil use. 

Demand for kerosine-type jet fuel in 1976 
averaged 789,000 bpd, which was slightly 
below the 1975 levels. Demand reached a 
peak of 842,000 bpd in 1973, and the subse- 
quent reduction in fuel use reflects the 
impact of economies of operation adopted by 


the airlines. According to the Energy and 
Fuels Committee of the Air Transport Asso- 
ciation (ATA), airlines have reduced the 
average number of flights by about 900 per 
day compared with 1973. At the same time, 
ATA estimated U.S. scheduled airlines in 
1976 carried 223 million passengers, a 
10.4% increase over the 1973 level. Over the 
same interval, kerosine-type jet fuel de- 
mand was 6.3% below that of 1973, as 
estimated by the Bureau of Mines. 
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Still another significant development was 
the expansion in production by refineries in 
the United States that resulted in a marked 
reduction in imports. From a peak of 
176,000 bpd in 1973, imports have been in a 
downtrend. By 1976, imports shrunk to 
61,000 bpd or 65.3% below the 176,000 bpd 
imported in 1973. 

Naphtha-type jet fuel is used primarily by 
the military. In 1976, demand totaled 72.7 
million barrels or 596 less than 1975. 

Although FEA removed the allocation 
and price controls on naphtha-type jet fuels, 
controls on kerosine-type jet fuels and avia- 
tion gasoline remained in effect in 1976 and 
carried over into 1977. 


LIQUEFIED GASES, ETHANE, AND ETHYLENE 


Liquefied gases are derived from two 
sources; those produced at refineries are 
called liquefied refinery gases to distinguish 
them from liquefied petroleum gases obtain- 
ed by processing natural gas. The liquefied 
petroleum gases (LPG) are all paraffins 
(propane, butane, and isobutane) and the 
standard specification is ASTM D-1835. The 
liquefied refinery gases (LRG) also contain 
paraffins but may also contain unsaturated 
hydrocarbons; such as the olefins (pro- 
pylene, butylene, ethylene, etc.). The paraf- 
fins may be used as fuel (including as a 
blend with motor gasoline) or as feedstocks 
at petrochemical plants; the olefins are used 
primarily as petrochemical feedstocks. 

Demand for ethane (including ethylene) 
rose 6.3% to 362,600 bpd in 1976 from 
341,200 bpd in 1975. Ethane is used primari- 
ly to make ethylene, a building block for 
petrochemicals. 

Domestic demand for LPG and LRG in 
1976, excluding that blended into other 
products at refineries or terminals, increas- 
ed 5.1% and exceeded 1 million bpd com- 
pared with 991,500 bpd in 1975. Propane 
accounted for 79.7% of liquefied gas de- 
mand in 1976, but if refinery propane and 
propylene is deducted from deme.id, the 
percentage shrinks to 577,800 bpd or 55.5%. 

Propane was in strong demand during the 
heating season because of the impact of 
severe winter weather and a moderate re- 
covery in the economy. As a result, with 
production down and demand up, stocks of 
plant propane totaled 69.7 million barrels at 
yearend, which was 8.4% below 1975. In 
1976, the decrease in the production of 
propane and other natural gas liquids re- 
flected the decline in natural gas pro- 
duction.’ 
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Demand for plant propane rose 5.7% in 
1976 to 830,200 bpd. Production at gas- 
processing plants in 1976 declined 5.5% and 
by yearend 1976 there was an 8.4% re- 
duction in stocks to 69.7 million barrels 
from 76.1 million barrels at the end of 1975. 


KEROSINE 


The unusually severe weather east of the 
Mississippi River, particularly, helped lift 
demand for kerosine in 1976 to 61.9 million 
barrels, an increase of 169,200 bpd or 6.1%. 
Most of the increase in supply needs was 
met by imports and drawdowns on inven- 
tories. There was no noticable increase in. 
refinery production of kerosine, but imports 
tripled and stocks at yearend 1976 were 
down 19.6% to 12.5 million barrels from the 
15.6 million barrels of a year earlier (table 
30). Nearly 80% of the domestic demand for 
kerosine (including range oil) is for space 
heating. 


DISTILLATE FUEL OIL 


Specifications for fuel oil are established 
by the ASTM Committee D-2 on Petroleum 
Products and Lubricants. The specification 
designation is ASTM D-396. 

An extremely severe winter coupled with 
a mild recovery in general business resulted 
in a 9.8% increase in distillate demand in 
1976, to 3.13 million bpd from 2.85 million 
bpd in 1975. Demand for distillate for heat- 
ing rose about 3% to 1.38 million bpd from 
1.34 million bpd in 1975. Severe and pro- 
longed cold weather in the Midwest and on 
the eastern seaboard as far south as Florida 
boosted distillate demand sharply as re- 
flected in the rise in the number of degree 
days. A degree day is defined as a unit of 
mean temperature representing 1° of differ- 
ence from a standard temperature of 65°F 
used in calculating fuel consumption. If the 
mean temperature was 50°F then the cal- 
culation would be 15 degree days (65°- 
50° = 15°). 

Distillate oil heating degree days for the 
period July through December 1976 were 
22% above normal and 35% above the level 
for the same period of 1975. Distillate oil 
heating degree days by PAD districts for the 
period July through December 1976 were as 
follows: PAD district I, 2,223.3 or 22% above 


Data are available for 1976 in the following Bureau of 
Mines Mineral Industry Surveys: Natural gas, Monthly; 
Natural gas Liquids, Monthly; and Petroleum Statement, 
Monthly; and also in the Bureau of Mines Minerals 
Yearbook 1976 Chapter on Natural Gas Liquids. 
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normal; PAD district II, 3,142.9 or 25% 
above normal; PAD district III 1,384.3 or 
49% above normal; PAD district IV, 2,608.2 
or 2% below normal; and PAD district V, 
1,487.5 or 15% below normal. 


RESIDUAL FUEL OIL 


Reflecting needs accompanying a severe 
winter and a quickening in business activ- 
ity, demand for residual fuel oil rose 13.596 
in 1976 to 2.79 million bpd from 2.46 million 
bpd in 1975. The winter was the coldest in 
years. Most of the excess in degree days 
occurred in the final quarter of 1976 and in 
January 1977. 

The use of residual fuel oil by utilities 
rose sharply in 1976 as the cold weather 
stimulated electric usage for heating. In- 
creased demand for residual fuel oil also 
resulted from the movement of electricity 
generated from oil to normal coal gener- 
ating areas with coal delivery problems. 
The shortage of hydropower is another con- 
tributing factor to increasing the demand 
for heavy fuel oil such as No. 5 and No. 6. 

Domestic production of residual fuel oil 
increased 11.4% in 1976 to 1.38 million bpd 
from 1.24 million bpd in 1975. From a 30- 
year low of 706,000 bpd in 1970, production 
has been increasing steadily, and in 1976 
established a new high. Nearly one-half of 
the 1976 production or 676,000 bpd was 
residual fuel oil of 196 or less sulfur content. 
In 1971, only 39% of production was 1% or 
less. 

Imports in 1976 averaged 1.4 million bpd, 
a 14.8% increase over 1975. Some 658,000 
bpd or 48.6% of imports were received into 
the States of Delaware, Maryland, New 
Jersey, Pennsylvania, and New York. 
About 472,000 bpd of imports had a sulfur 
content ranging from 0 to one-half (0.50%), 
and 262,000 bpd were destined for New 
York. 

Although production and imports were 
up 13.2%, an increase in demand resulted 
in a moderate reduction in stocks to 72.3 
million barrels by the end of 1976 compared 
with 74.1 million barrels at yearend 1975. 


OTHER PRODUCTS 


Petrochemical Feedstocks.—Some 164.4 
million barrels of petrochemical feedstocks 
were produced by refineries in 1976, a 
34.6% increase over the 1975 levels. Like- 
wise, demand in 1976 rose 30.9% to 152.9 
million barrels or 417,639 bpd. Naphtha- 
400* (less than 400* end point) accounted for 
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48% of demand, other feedstocks accounted 
for 40.6%, and still gas used for chemical or 
rubber manufacture, accounted for 11.4%. 

Special Naphthas.—Special naphthas in- 
cludes all finished products within the gaso- 
line range that are specially refined to a 
specified flash point and boiling range for 
use as paint thinners, cleaners, and sol- 
vents. The special naphtha category also 
includes commercial hexane conforming 
with ASTM specification D-1836 and clean- 
ing solvent conforming to ASTM specifica- 
tion D-484. Benezene, toluene, and xylene 
are considered in the special naphtha classi- 
fication when they are blended into special 
naphtha stocks. Production in 1976 increas- 
ed 19% to 89,200 bpd compared with 74,900 
bpd in 1975. Exports in 1976 were double 
those of 1975, and domestic demand increas- 
ed 9.5% in 1976. 

Lubricants.—Demand for lubricants, af- 
ter declining sharply in 1974-75, arrested 
the downtrend and increased 10.8% in 1976 
to 152,273 bpd from 137,450 bpd in 1975. 
Exports in 1976 increased 4.2%. The 1976 
production of 61.8 million barrels is 8.9 
million barrels below 1974 (table 36). 

There are 43 refineries in the United 
States with a finished lubricant manufac- 
turing capacity of 226,900 bpd, according to 
a survey made by the National Petroleum 
Refiners Association. If the 168,861 bpd of 
production is equated against indicated ca- 
pacity of 226,900 bpd, lubricant manufac- 
turing facilities operated at 74.4% of capaci- 
ty in 1976. 

Waxes.—As a result of the pickup in 
economic activity, demand for waxes in 
1976 increased 18.7% to 7.2 million barrels 
(19,700 bpd) from 6.1 million barrels (16,600 
bpd) in 1975. There are 24 refineries in the 
United States with a finished wax capacity 
of 13,153 barrels per calendar day. In addi- 
tion, these refineries and eight others have 
unfinished wax capacity of 12,089 bpd: 
During 1976, production of wax increased 
23.7% to 7.0 million barrels of which fully- 
refined crystalline wax accounted for 45%; 
other crystalline accounted for 42%, and 
microcrystalline waxes accounted for 13%. 

Wax is primarily a byproduct of lubri- 
cating oil manufacturing or at least of wax 
bearing crudes. Wax is found in varying 
amounts in crude oils. Paraffin base crudes 
and mixed base crudes, for example, contain 
both paraffins and naphthenes, they usual- 
ly have a greater wax content than aromat- 
ic base crudes, and the type of wax recover- 
ed depends on the type of crude being 
refined. To improve the low-temperature 
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pour point property of lubricating oils, the 
lubricant fraction of the crude is dewaxed 
and the byproduct from dewaxing is refined 
to obtain a finished wax. There are three 
broad classes of waxes: microcrystalline, 
fully-refined crystalline, and other crystal- 
line (table 37). 

Microcrystalline waxes are derived from 
the high-boiling lubricating oil fractions, 
and the other types are obtained from the 
intermediate boiling range lubricating oil 
fractions. Also, oil content is another char- 
acteristic. Fully-refined crystalline wax has 
an oil content of less than 0.5%. Microcrys- 
taline waxes, because of their smaller 
crystal structure, have a greater affinity for 
oil than the crystalline type, and they are 
used extensively where there is a demand 
for tacky or ductile waxes such as for 
treating impregnating, coating, and filling 
electrical apparatus; and as a telephone 
cable filing compound. 

Packaging provides the largest market 
for the crystalline waxes; important ap- 
plications are hot melt coatings for frozen 
food overwraps, pouches, bags and enve- 
lopes; for coatings and impregnants for 
corrugated containers and folding cartons; 
and as coatings for paper cups. Nonpack- 
aging uses are: Candles; crayons; floor, fur- 
niture, shoe, and automobile polishes; and 
cosmetics, pharmaceuticals, printing inks, 
explosives, carbon paper, and adhesives. 

Petroleum Coke.—Petroleum coke is re- 
ported by the Bureau of Mines as catalyst 
coke and marketable coke. Catalyst coke is 
a noncommercial coke; it cannot be recover- 
ed commercially because it forms on the 
catalyst during the catalytic cracking of the 
charging stock in a refinery cracking unit. 
This carbon is burned off the catalyst in the 
regenerator section of a cracking unit, and 
the coke is used as a refinery fuel without 
ever being seen. However, production of 
catalyst coke is shown to complete a supply 
and demand balance for coke. . 

Production of both catalyst coke and 
marketable petroleum coke .aggregated 
130,145,000 barrels in 1976 or 1% above the 
1975 volumes. About 52% of output was 
marketable coke and production in 1976 
was 2% above 1975. Exports in 1976 were 
only nominally higher than in 1975 (table 
38). | 

Only about one-third of exports is cal- 
cined coke and five countries, West Ger- 
many, Japan, the Netherlands, Norway, 
and Canada, accounted for 47% of the 12 
million plus barrels exported. In the raw or 
green coke category, 25 million barrels were 
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exported to foreign countries, and Japau 
and the Netherlands purchased more than 
half. There are three main outlets for mar- 
ketable petroleum cokes; the domestic de- 
mand for raw coke as fuel, for calcined coke 
for the manufacture of carbon products 
such as electrodes and anodes, both baked 
and gravitized; for aluminum metallurgy, 
for brushes for electric motors and genera- 
tors; and for specialties such as rings, seals 
and bearings, electronic, nuclear, and mis- 
sile and jet propulsion parts. Coke can be 
gravitized by subjecting it to very high 
temperatures, and some refiners have de- 
veloped premium automotive lubricating 
oils containing graphite made from petro- 
leum coke. In 1976, total demand for mar- 
ketable petroleum coke was 64,632,000 bar- 
rels. Of this, exports totaled 37,778,000 bar- 
rels and domestic demand accounted for the 
remaining 26,854,000 barrels. These data 
exclude 62,237,000 barrels of catalyst coke. 

Asphalt and Road Oil.—A tapering off in 
the nationwide highway construction pro- 
gram, and a tightening in highway mainte- 
nance budgets of States, municipalities, and 
other political subdivisions affected demand 
adversely for asphalt and asphaltic prod- 
ucts between 1973 and 1976. However, the 
decline curve appears to be flattening out; 
overall sales in 1976 of petroleum asphalt 
for consumption was less than 196 below the 
1975 level, whereas in 1975 sales were 
11.4% below the volumes sold in 1974. 

Sales of asphalt paving products in 1976 
were 21.5 million short tons or only about 
118,000 short tons below 1975. Petroleum 
asphalt roofing product sales of 4,792,000 
short tons in 1976 were a nominal 11,177 
short tons less than in 1975. Likewise in 
1976, similar small declines of 65,820 short 
tons occurred in sales of other products such 
as asphalts and fluxes. 

Production of asphalt declined 396 in 1976 
to 25.4 million short tons from 26.2 million 
in 1975, but with imports lower and demand 
down only about 196 it was necessary to 
drawdown on inventories. As a result, 
stocks at yearend 1976 were 3.5 million 
short tons or 15.0% below the 1975 yearend 
levels. 

Road oil is a liquid asphalt of the slow- 
curing type and is classified by the ASTM as 
D-2026. Road oils may be derived from a 
blend of asphalt and oil which remain in a 
fractionator after the lighter ends such as 
naphtha, gasoline, kerosine, etc., are drawn 
off after straightrun distillation. Road oils, 
may be obtained, also, by blending asphalt 
cement with an oily fraction. In addition, 
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there are two other types of liquid asphalt 
materials known as “cutback asphalts.” 
The rapid-curing type (ASTM D-2028) is 
blended with naphtha and gasoline. The 
medium-curing type (ASTM D-2027) is 
blended with a lower vapor pressure mate- 
rial such as kerosine. 

Still Gas.—Still gas is a mixture of 
extremely low-temperature boiling hydro- 
carbons produced during the distillation of 
crude oil and may be used as refinery fuel 
and/or as a petrochemical feedstock. Dur- 
ing 1976, there were 180.7 million barrels 
used as fuel, a 3% increase from the 175.4 
million barrels consumed in 1975. Consump- 
tion of still gas, used as a petrochemical 
feedstock, increased 11% in 1976 to 17.4 
million barrels from 15.7 million barrels in 
1975. 

Miscellaneous Finished Oils.—The petro- 
leum industry produces a variety of miscel- 
laneous products that are sold directly to 
consumers or in bulk to specialty companies 
that package and distribute them under 
various trade names. Included in this cate- 
gory would be absorption oils, specialty oils 
such as hydraulic, insulating and medicinal 
oils, rust preventives, sand-frac, spray oils, 
and others. Also, synthetic natural gas 
(SNG) feedstock is included in this group- 
ing. Production of miscellaneous finished 
oils in 1976 was about 47.2 million barrels, 
46.5% over the 32.2 million barrels pro- 
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duced in 1975. Production of absorption oils 
decreased 8.3%, but the production of 
“other products” which includes SNG feed- 
stocks, more than doubled from 11.1 million 
in 1975 to 25.4 million in 1976.* 

Unfinished Oils.—Unfinished oils are oils 
that have been partly refined and will be 
further processed by refiners. Examples 
are: Naphtha, a light unfinished oil that is 
consumed primarily in the refinery itself to 
produce gasoline. About 90% of all naphtha 
use is in gasoline. Smaller amounts are used 
in the production of aromatics such as 
benzene, toluene, and xylenes. Also, small 
amounts are used in the production of 
specialty products such as hexane and spe- 
cial naphthas such as cleaners' solvents. In 
addition, small amounts are used as petro- 
chemicals and synthetic gas feedstock. Gas 
oil, an unfinished oil, is heavier than naph- 
tha and its major use is in the refinery to 
make middle distillate fuels (No. 294) and in 
the production of commercial jet fuel. Also 
small amounts are used in the production of 
lubricants and process oils. Aromatic 
gas oil, another unfinished oil, is a heavy 
residual oil derived from catalytic cracking 
of heavier oils for naphtha production. Its 
principal use is as carbon black feedstock. 
The rerun (net of unfinished oils) represents 
the receipts of domestic or foreign oil plus 
or minus changes in stocks (table 18). 


TRANSPORTATION AND DISTRIBUTION 


INTERDISTRICT MOVEMENTS 


Α vast transportation system consisting 
of pipelines, tankers, and barges and to a 
lesser degree, tank cars and tank trucks, 
move crude oil to refineries for processing 
into petroleum products. During 1976, re- 
fineries received 62.7% of their crude οἱ] 
requirements by means of pipelines. Water 
transport, both tanker and barge, accounted 
for 35.7% and tank cars and trucks ac- 
counted for the remaining 1.6% (table 43). 

Data collected on receipts of domestic and 
foreign crude petroleum at refineries in the 
United States show receipts from local pro- 
duction (intrastate), receipts from other 
States (interstate), and receipts of imported 
crude. These data, by method of transpor- 
tation, indicate the final receipts by water, 
pipeline, tank car, and truck. Receipts of 
domestic crude by water usually are moved 
by pipeline from the point of production to 
the point of water shipment. 


Refinery receipts of crude oil carried by 
tankers and barges totaled 1,758 million 
barrels or 4.8 million bpd in 1976. Some 
84.6% of receipts by water was of foreign 
origin in 1976; in 1975 receipts were 78.3%. 
In 1972, foreign receipts accounted for 
51.9%. A 5-year series of recipts is shown in 
table 43, and interdistrict movements by 
tanker and barge is provided in tables 44-45. 

Domestic demand for petroleum products 
averaged 17.5 million bpd in 1976, a 6.996 
increase over the 16.3 million bpd used in 
1975. Demand in 1976 is broken down into 
PAD districts in table 14, and the 17 States 
comprising PAD district I accounted for 
36.9% of domestic product demand. Foreign 
crude oil accounted for 89% of refinery 
output in district I. Of the remaining 11%, 
some 65,000 bpd were received primarily 
from district III (table 44). 


SU S. puree of aor gy Fos Crude Petroleum, Petroleum 


Products, and Natural Gas Liquids, Mineral Ind 
Survey, April 1977, released September 1977, p.27. 
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There was a 47.7% increase in 1976 in the 
volume of foreign crude run by gulf coast 
refineries in district III. As a result, the 
volume of domestic crude run shrank to 
69.2% from the 77.5% run in 1975 (table 20). 
However, gulf coast refineries continued to 
dominate, accounting for 42.090 of crude oil 
input to refineries in the entire United 
States. 

A large part of refined product output by 
district III refineries is transported to other 
PAD districts and the interdistrict move- 
ment by tanker and barge of crude oil and 
major products, such as gasoline, jet fuel, 
distillate fuel oil, residual fuel oil, and other 
products such as lubricating oil, wax, and 
asphalt is shown in table 45. The magnitude 
of the tanker and barge movements of 
petroleum products from the gulf coast to 
the east coast in 1976 is indicated in table 
45. The transportation of gasoline, jet fuels, 
kerosine, distillate fuel oil and natural gas 
liquids by pipelines between PAD districts 
is shown in table 46. During 1976, 1.6 
million bpd or 69% of the motor gasoline 
output of refineries in district III was ship- 
ped to district I compared with 1.5 million 
bpd or 66% in 1975. Likewise, about two 
thirds of distillate fuel oil output in district 
III was used in district I in 1976. 

Refined products produced at refineries 
in PAD district V in 1976 represented 8896 
of the domestic product demand for that 
district. Domestic crude oil, produced pri- 
marily in California, supplied 50% of refi- 
nery input and of the 50% of oil imported, 
43% originated in Indonesia and 36% came 
from the Middle East, one-half of which 
came from Saudi Arabia. Canada, formerly 
an important supplier of crude oil for re- 
fineries in the Puget Sound area of Wash- 
ington State, continues to phase out crude 
oil exports to the United States, as a result 
of actions taken by the Canadian National 
Energy Board (CNEB) in 1973. Imports of 
crude oil from Canada into district V in 
1976 averaged 87,000 bpd compared with 
163,000 bpd in 1975. 

Under the original CNEB formula, crude 
oil exports to the United States would have 
been phased out by the end of 1981. But 
with the Sarnia-Montreal pipeline becom- 
ing operational Canadian crude oil exports 
to the United States except for heavy oil, 
will phase out by the late seventies. The 
Federal Government has indicated that for 
the next 5 years heavy oil production in 
excess of Canada's needs will be licensed for 
export. 


973 


The Canadian crude oil export phase out 
is having a drastic impact on “Northern 
Tier" refineries (those located in Washing- 
ton, Montana, North Dakota, and Minneso- 
ta). This is discussed in another section of 
this chapter. 

It is anticipated that the west coast will 
be unable to use all the oil available in PAD 
district V. This is understandable because 
Alaskan North Slope (ANS) oil is expected 
to be moving south through the Trans- 
Alaska pipeline to Valdez for tanker trans- 
port and become available for PAD district 
V by mid-1977. The pipeline is 800 miles 
long. Oil flow was at a rate of about 1.1 
miles per hour so that the pipeline will be 
filled slowly at a rate of about 300,000 bpd. 
Providing there are no major complications, 
oil will arrive at the Valdez terminal by 
about the end of July 1977. Also, as a result 
of extensive drilling and development be- 
ginning in mid-1976, oil production from the 
naval petroleum reserve (NPR No. D), at Elk 
Hills, Calif., now exceeds 1 million barrels 
per month, and another source for oil over 
the longer term is the offshore fields in the 
Santa Barbara Channel. Both industry and 
Government estimates indicate that west 
coast refineries will be unable to absorb 
ANS production; therefore a sizeable sur- 
plus could develop by 1978, providing that 
Alaskan crude is not priced in such manner 
as to result in a shut-in of California pro- 
duction. 

Although PAD district V could be a 
surplus area, there are crude oil deficient 
areas east of the Rocky Mountains in the 
Northern Tier States, the Midwest, midcon- 
tinent, and the gulf coast. 

Two pipelines have been proposed to over- 
come these deficiencies. The first is the 
Long Beach to Midland, Tex., pipeline pro- 
posed by Sohio. Transportation Co. (Sohio). 
This line would run from a tanker unload- 
ing facility in the Port of Long Beach, Calif., 
across Southern California, Arizona, and 
New Mexico to Midland, Tex., and it would 
require about 250 miles of new pipeline and 
the conversion of a natural gas pipeline in 
California. In addition, about 670 miles of 
existing natural gas pipeline, owned by the 
El Paso Natural Gas Co. (EPNG), would be 
leased to Sohio and converted to transport 
crude oil eastward to Midland, Tex. From 
the Midland area, an extensive crude oil 
distribution system running north, east, 
and south is already in place aggregating a 
capacity of some 2 million bpd. Work on the 
Sohio project awaits the approval of the 
State of California. 
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Figure 5.—Maps of Petroleum Administration for Defense (PAD) districts and Bureau of 
Mines refining districts. 


Concern over the potential decrease in air 
quality in the Los Angeles, Calif., basin is 
the largest stumbling block to granting the 
permits needed to start work on this 
project. 


The Northern Tier pipeline proposal 
would transport Alaskan oil by means of a 
1,570-mile line from Port Angeles, Wash., to 
Clearbrook, Minn. The pipeline route from 
Port Angeles would skirt the Olympic Na- 
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tional Park and pass through the Coeur 
d' Alene area of Idaho. In Montana, the 
route would run southeast to the Helena 
area, eastward into North Dakota, and on to 
Clearbrook, Minn. The proposed route has 
been selected for environmental accepta- 
bility. Also, more than one-fourth of the 
route would be over railroad rights-of-way. 

Refineries in the six States which make 
up the Northern Tier have a crude oil 
throughput of about 840,000 bpd. Through- 
put of Washington refineries account for 
285,000 bpd, and more than 200,000 bpd is 
foreign oil other than Canadian. Only about 
60,000 bpd is imported to Washington re- 
fineries from Canada. Canadian oil import- 
ed in the other five States averaged about 
280,000 bpd in 1976, and Minnesota account- 
ed for one-half of that volume. 


PIPELINES 


Crude oil pipelines delivered 3,086 million 
barrels or 8,431,000 bpd to refineries in 
1976, a slight increase from the 8,884,000 
bpd in 1975 (table 43). Petroleum product 
pipelines delivered 3,662.1 million barrels, 
or an average of 10,005,737 bpd in 1976, 
compared with 3,272.2 million barrels, or 
8,965,000 bpd in 1975. Transportation by 
pipeline of petroleum products between 
PAD districts is shown in table 46. Trans- 
portation and stocks in lines and working 
tanks is available in table 47; tariff rates 
are shown in table 48. 

Pipeline Costs.—The Trans-Alaska pipe- 
line was a major contributor to rising pipe- 
line construction costs. Reasons for higher 
cost can be traced to new stronger stress- 
level codes requiring stronger pipe to meet 
more demanding specifications. The more 
expensive grades of steel and inspection cost 
are borne by the contractor and the com- 
pany. Other items such as pumping units, 
both motor- and engine-driven power units, 
increased in cost during 1976. Actual con- 
struction and major cost items were up in 
1976. The increase of the past 2 years, 1974 
through 1975 was 22.9%, but between 1975 
and 1976, the increase was only 596 accord- 
ing to the construction cost index of the 
Interstate Commerce Commission. 


RAIL, TANK TRUCK, BARGE, AND TANKERS 


The annual study of the Association of Oil 
Pipelines estimated that the total tonnage 
of crude oil and petroleum products carried 
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was 1,831 million short tons in 1975. Of this, 
48.02% was transported by pipelines, 22.0- 
6% by water carriers, 28.42% by motor 
carriers, and 1.596 by railroads. The overall 
volumes transported in 1975 were about 196 
below that of 1974. Petroleum products 
accounted for two-thirds of the volum 
transported in 1975. | 

Product pipelines transport only the light 
products such as gasoline, light fuel oils, 
heating oils, LPG, kerosine, and jet fuel. 
These lines transported 424.7 million short 
tons or 34.896 of the total. Motor carriers 
transported some 444.4 million short tons or 
96.490 of the petroleum products carried. In 
terms of billions of ton miles, the total 
aggregated was $846.7 billion, of which 
59.995 was transported by pipelines, 35% by 
water carriers, 3.26% by motor carriers, 
and 1.66% by railroads. Total crude petro- 
leum carried in domestic transportation, in 
billions of ton miles was 331.5 in 1975; 
pipelines accounted for 86.9% and water 
carriers accounted for 12.2%. 

Deepwater Ports.—A tanker voyage from 
the Middle East to the U.S. east coast 
involves a 24,000-mile round trip, and many 
tankers in use today are very large crude 
carriers (VLCC’s), and virtually all of these 
Ships are unable to enter ports with depths 
under 75 feet. At present, there are no U.S. 
ports capable of accommodating VLCC’s 
with capacities greater than 200,000 dead- 
weight tons (dwt). The deepest ports in the 
United States are on the west coast and 
they can handle tankers up to 150,000 dwt. 
Most harbors in the United States are 
limited to ships with capacities ranging 
from 40,000 to 70,000 dwt. 

The Deepwater Port Act of 1974, signed 
by the President in January 1975, provided 
for licensing and regulation of deepwater 
ports. The Secretary of Transportation is 
empowered to grant licenses for ownership, 
construction, and operation of deepwater- 
port facilities. At the same time, a Governor 
of an adjacent State could veto the project. 

Two corporations, formed by groups of 
companies, proposed to construct two such 
ports: One 31 miles off the Louisiana coast 
at Grand Isle in water over 100 feet deep in 
the Gulf of Mexico, and the other off the 
Texas coast. In the Louisiana Offshore Oil 
Port (LOOP), the corporation proposes to 
store imported oil in the Clovelly salt dome 
near Galliano, La. The proposed storage 
capacity ‘of this facility is expected to be 
about 56 million barrels of oil. The second 
deepwater terminal (Seadock) is to be con- 
structed off the upper Texas gulf coast 
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south of Freeport. The storage facilities for 
Seadock would be located 5 miles inland 
and would consist of 28 tanks with a storage 
capacity of 22.5 million barrels. 

Cil off-loaded at such terminals would be 
transported by pipeline to shore thereby 
reducing the need to transfer oil cargoes 
from VLCC's to smaller vessels for trans- 
port to conventional terminals or refineries. 

Both applications are being considerod by 
the Department of Transportation (DOT), 
the agency authorized to issue licenses to 
build and operate deepwater terminals. If 
the permits are granted by mid-1977, the 
two terminals were expected to be online by 
1980. Unlike LOOP, however, Seadock has 
run into difficulties. Four large partici- 
pating oil companies have withdrawn from 
this project as the license provisions involv- 
ing proposals by DOT, the antitrust division 
of the Department of Justice, and the Fed- 
eral Trade Commission are considered to be 
too stringent and too restrictive. 

Meanwhile, the Texas Legislature has 
enacted superport legislation that would 
enable the State of Texas to establish a 
terminal for large tankers off the Texas 
coast in the event the remaining Seadock 
project participants decide against obtain- 
ing a license. Under the bill the State 
would finance the deepwater port by is- 
suance of revenue bonds. 
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In addition to these offshore deepwater 
ports, the Port of Corpus Christi expects to 
bring into being the first onshore super- 
tanker facility to the Gulf of Mexico. The 
U.S. Army Corps of Engineers is now com- 
pleting work on an environmental impact 
study of the proposed facility. 


TANKER RATES 


Tanker charter rates, after reaching a 
peak late in 1973, have been in a down- 
trend. From $2.02 per barrel, charters in 
December 1973 for 34° crude oil for Large 
Range 2 tankers (from 80,000 to 159,999 
dwt) by November 1975 dropped to $1.26 per 
barrel, for cargoes destined from Ras Tanu- 
ra to New York by way of the Cape of Good 
Hope, rates firmed up during the severe 
1975-76 winter, but at the end of 1976 the 
rate per barrel had declined to $1.18. Char- 
ters, same destination, for vessels of 16,000 
to 24,999 dwt, which are classified as gen- 
eral purpose" tankers, dropped over the 
same interval from $3.23 per barrel to $2.90 
per barrel. By the end of 1976, the rate for 
the smaller tankers, however, had rebound- 
ed to $3.12 per barrel. 

An oversaturation in tanker supply, par- 
ticularly the larger tankers, has weakened 
tanker rates. 


STOCKS 


Stocks of crude oil, natural gas liquids 
and refined products have been expanding 
after reaching a low point of 866.9 million 
barrels in February 1973. Crude oil stocks, 
which were 242.5 million barrels at yearend 
1973, had climbed to 285.5 million by year- 
end 1976, a 43-million-barrel or 17.7% dif- 
ference. Stocks of refined products reflect 
the impact from the lack of natural gas and 
the substitution of fuel oils and liquefied 
petroleum gases for fuels. As a result, stocks 
at yearend 1976 were well below a year 
earlier (table 49). 


As a result of very heavy drawdown of 
petroleum products such as distillate fuel 
oil and residual fuel oil, stocks of products 
at yearend 1976 were 707.7 million barrels, 
40.1 million barrels or 5.4% below the 
December 1975 levels. However, stocks of 
crude oil and lease condensate at yearend 
1976 were 285.5 million barrels or 5.296 
higher than at yearend 1975 (table 50). 
Thus, continuing the growth from the T- 
year low point of 235.4 million barrels at the 
end of February 1973. 


STRATEGIC PETROLEUM RESERVES AND STORAGE SITES 


The Strategic Petroleum Reserve plan 
has been setup to reduce the impact of an 
interruption of imports, if one occurs, such 
as the Arab Oil Embargo of 1973-74. Con- 
gress enacted legislation to establish a 
Stragegic Petroleum Reserve (SPR) in Title 
I, Part B of the Energy Policy and Conserva- 
tion Act of 1975 (EPCA), Public Law 94-163. 

Strategic Storage.—Under the initial 


phase of the SPR, referred to as the Early 
Storage Reserve (ESR), 150 million barrels 
of oil are to be stored by 1978, and storage 
will start initially at 40,000 to 50,000 bpd. Of 
the different storage sites picked, the one's 
to be used for the ESR are; Bryan Mound in 
Brazoria County, Tex.; West Hackberry in 
Cameron Parish, La.; and Bayou Choctaw in 
Iberville Parish, La. 
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Under the EPCA, the FEA is directed to 
pick eight sites for the SPR program. With 
the three sites previously listed, the other 
five sites are Cote Blanche Island mine, St. 
Mary's Parish, La.; Weeks Island mine, 
Iberia Parish, La.; Kleer salt mine, Van 
Zandt County, Tex.; Central Rock mine, 
Fayette County, Ky.; and Ironton mine, 
Lawrence County, Ohio. 
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The storage facilities sought are existing 
solution-mined salt dome cavities because of 
the relative low cost of bulk storage for 
petroleum and the extreme geological sta- 
bility of the rock salt masses. 

FEA had asked for a 500-million-barrel 
Storage plan, but the President suggested 
that the reserve storage capacity be doubled 
to 1 billion barrels. 


PRICES 


Crude Oil.—The actual domestic average 
price of crude oil in the United States rose 
from $7.87 per barrel in February 1976, to 
$8.62 or a 9.5% increase according to the 
FEA. Prior to February 1976, the domestic 
crude petroleum wellhead price represented 
an estimate of the average of pested prices. 
After February 1976, however, the wellhead 
price represents an average of first-sale 
prices. 

The average value of domestic crude oil at 
the wellhead, which was $3.39 per barrel in 
1971-72, increased to,$3.89 in 1973, $6.74 in 
1974, $7.56 in 1975, and $8.18 in 1976. These 
increases, which began in 1973, were the 
result of an effort by the Cost of Living 
Council (CLC) to stimulate domestic crude 
oil production. On August 17, 1973, the CLC 
enacted a two-tier pricing system under 
phase 4 oil regulation. The system released 
from ceiling prices “new oil” (oil produced 
above 1972 levels) and made an adjustment 
for the remainder of current production. 
The price of new oil produced, which had 
not been covered by the price ceiling, rose 
steadily to market levels. The ceiling price 
for domestic crude was about $1 per barrel 
below the world price at the time phase 4 
rules were issued on August 17, 1973. Since 
then, however, world prices have increased 
sharply and so have prices for upper tier 

domestic oil. 


The price-regulating function of CLC was 
absorbed by the FEA in 1974. Between 
January and December 1974, the price per 
barrel rose 13% from $9.82 to $11.08. The 
price of old, or controlled, oil rose nearly 
35% from $3.90 per barrel in August 1973 to 
$5.03 (revised) in December. Subsequently, 
the FEA revised its calculations and the 
price of old oil was reduced from $5.25 per 
barrel to $5.03 per barrel. The following 
tabulations show prices per barrel at the 
wellhead for old and new crude petroleum 
for the last month of each quarter in 
1975. April 1977 prices are shown to illus- 
trate the impact of EPCA after January 
1976. Domestic crude petroleum prices per 
barrel have climbed from a 1975 average 
price of $7.67 to a 1976 average price of 
$8.14 or 6%. 


Do- 
Old New mestic 
average 
197 
Average 5.03 10.13 6.87 
1975: 

Maren 5.03 11.47 7.57 
C 5.03 11.73 7.49 
September 5.04 12.46 7.75 
mber ___ 5.03 12.95 7.98 
Average 5.03 12.03 7.67 

Lower Upper Strip- Domar 

tier tier per average 
3 5.07 11.39 . 7.79 
. 5.15 11.60 s 7.99 
8 5.17 11.65 13.21 8.39 
. 5.17 11.64 13.30 8.62 
—— oas z 5.13 11.69 13.29 8.18 
REA 5.17 11.44 13.27 8.50 
5 5.15 10.97 18.28 8.40 


Oklahoma-Kansas 
36°-36.9% gravity 
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Figure 6.—Posted prices of selected grades of crude petroleum. 


The FEA revised the designations used in 
pricing. The “old oil” title changed to “low- 
er tier" and stripper well produced oil was 
released from price controls. “Upper tier" 
refers to the same oil as the former desig- 
nation "new oil." 

Crude oil imports supplied about 90% of 
crude oil requirements in 1976, and with 
prices climbing the refiners acquisition 
costs have followed suit. This cost to the 
refiner is the average of domestic and im- 
ported crude costs and represents the am- 
ount of crude cost which the FEA permits 
refiners to pass on to their customers. 

Α composite of refiner's acquisition costs 
of imported and domestic crude was $3.85 
per barrel in May 1973, had climbed by 
December 1976 to $11.32 per barrel, nearly 
a threefold increase. The rise was due pri- 
marily to the increase in the cost of im- 
ported oil. The refiner's acquisition cost for 
imported oil rose from $3.92 per barrel in 
May 1973 to $13.71 per barrel by December 
1976. That trend continues upward as evi- 


denced in the tabulation for refiner's acqui- 
sition costs. 

The following tabulation shows refinet's 
acquisition cost per barrel for imported oil, 
domestic oil, and a composite of both as 
maintained by FEA: 


Do- Im- Com- 
mestic ported posite 
1974: 
Average 7.18 12.52 9.07 
1975: 
Maren 8.88 13.28 9.91 
June 8.33 14.15 10.33 
September 8.49 4.04 10.79 
mber . _ 8.66 14.81 10.98 
Average 8.39 13.93 10.38 
1976: . 
March _ 8.48 13.51 10.44 
June 8.60 13.48 10.88 
September 8.95 13.47 11.08 
mb er 9.25 13.71 11.32 
Average 8.84 13.48 10.89 
1977: 
January _ _ _ 9.23 14.11 11.64 
Αρη κε u zu uu 9.34 14.35 11.82 
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Entitlements.—Subsequent to adoption of 
the two-tier pricing system, in November 
1974 FEA initiated the entitlements system 
under the Old Oil Allocation Program (CFR 
211.67). Every refiner had to have an enti- 
tlement to process a barrel of old crude oil 
as a percentage of total crude processed 
(that is, the total runs to stills) of old oil, 
imported oil, and domestic exempted oil. 
The price of an entitlement fixed by FEA, is 
defined as the exact differential as reported 
for the month between the weighted aver- 
age delivered cost per barrel to refiners of 
both imported crude oil and stripper crude 
oil, and the weighted average delivered cost 
per barrel to refiners of old oil, less 21 cents. 
Each month, FEA calculated the amount of 
old oil produced as a percentage of total 
crude oil processed. If, for example, the old 
oil ratio was 40% and a refiner's old oil 
ratio was 60%, this refiner would have to 
buy entitlements equal to 20% at prices set 
by FEA from those refiners with less than 
40%. An entitlement purchased at $5.00 
would entitle the purchaser to process 1 
barrel of old oil at about $5.03 per barrel, so 
that the effective cost would be about $10.03 
per barrel for the 20% over the old oil ratio. 

The Energy Policy and Conservation Act 
(EPCA) amended the Emergency Petroleum 
Allocation Act of 1973 (EPAA) by adding a 
new section that setforth a “new” crude oil 
pricing policy, which required the President 
to adopt implementary regulations designed 
to result in the maximum weighted average 
first-sale price during the month of Febru- 
ary 1976 of $1.66 per barrel, as stipulated in 
the EPCA. In subsequent months, the 
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EPCA permitted adjustments in the first- 
sale price of domestic crude to take into 
account the impact of inflation and as a 
production incentive. For example, if cur- 
rent production from a property exceeds 
1972 base production control levels (BPCL) 
for the property, the excess production qual- 
ifies under the new regulations as upper 
tier crude oil. In 1976, however, the FEA 
clamped ceilings on crude prices and the 
freeze continued into 1977. The impact of 
this freeze in 1976, is shown in table 55. 

Data on prices of selected crude oils and 
products are given in tables 56-57. 

In the United States, gasoline outweighs 
all other products in terms of volume pro- 
duced and relative importance in the refi- 
nery mix. Prices of gasoline have continued 
upward along with rising crude oil prices. 
The average service station price of regular- 
grade gasoline (including taxes) has risen 
from 42.26 cents per gallon as of December 
1, 1978, to 53.15 cents per gallon on Decem- 
ber 1, 1974, to 59.42 cents per gallon on 
December 1, 1975, and to 60.61 cents per 
gallon on December 1, 1976, according to 
Platt's Oil Price Handbook and Oilmanac, 
1976 edition. 

Shown in the following tabulation (in 
dollars per 100 gallons) are some compari- 
sons in selected cities of prices of No. 2 
home-heating oil between the 1972 yearend 
and January 1977. These intervals indicate 
the impact of the pass-through policy on 
retail prices. Between January 1974 and 
January 1977 the U.S. average rose 38% 
from $32.89 to $45.42 per 100 gallons. 


Standard metropolitan December January January anuary 
statistical area 1972 1974 1975 1976 1977 

U.S. averagggee $19.72 $32.89 $37.84 $41.46 $45.42 
Baltimore ________________________ 19.33 31.18 36.60 41.0 45.12 

Μο ti Safa Maa Nhe tO RAEINSUOE DNO 20.40 32.90 40.06 42.49 45. 

Chicago and Northwestern Indiana 18.65 31.66 33.96 43.73 43. 
ρω ⁵%ÜÜ¹ÜÜ¹wr 88 18.62 30.35 35.75 39.68 44.75 
Milwaukee ________________________ 18.93 31.23 36.58 40.07 45.58 
Minneapolis-St. PallX2X2xAãlun -.-----΄ 18.06 34.74 35.72 40.13 44.91 
New York and Northeastern New Jersey . __ 20.40 36.90 40.04 34.82 47.71 
Philadelphia 19.23 31.30 37.96 43.52 45.03 
ü ]·ö¹üſ πο ⁰ Km ee 2 s 19.49 33.72 37.91 40.98 44.62 
Washington, D.C _ _ cocco - 19.78 33.30 40.82 41.99 47.09 
ο κώμα 8 22.17 33. 38.20 44.93 47.32 
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Figure 7.—Quarterly prices of Bunker “C” and No. 2 distillate fuel at New York Harbor, 
No. 1 range oil at Chicago district, and Popular grace gasoline at refineries in Oklahoma, 
y quarter. 


Residual Fuel Oil Prices.—The price of 
Bunker “C” fuel oil at New York Harbor 
has been in an uptrend since 1972; from 
$3.45 per barrel at yearend 1972, to $5.42 
per barrel by December 1973. By December 
1976, the price was $11.85 per barrel. The 
trend of Bunker “C” prices for 1968-76, 
inclusive, is shown in figure 7. 

Unlike the use of Bunker “C” fuel, use of 
No. 6 residual fuel oil is restricted to 0.396 
sulfur in many communities along the east- 
ern seaboard, New York City is an example. 


The average price per barrel for 0.3% sulfur 
No. 6 fuel oil high pour in the New York 
Harbor cargo market since 1972 follows: 


I) απ 6.48 
1 ³ AAA M" 14.60 
11 ³ð2A ος 2.03 
J!!!! 8 12.49 


The price at yearend 1976 was $14.35 per 
barrel for No. 6 high pour, 0.396 sulfur. 
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FOREIGN TRADE 


Exports.—Exports, which comprise only 
1.396 of total demand, totaled 81.6 million 
barrels in 1976 or an average of 223,000 bpd. 
This is an increase of 6.5% over 1975 when 
exports averaged 209,000 bpd. Virtually all 
of the 2.9 million barrels of crude exported 
was destined for Canada and Puerto Rico. 
In the products category, some 78.7 million 
barrels or 215,000 bpd were exported and 
petroleum coke accounted for 46% of petro- 
leum exports. Coke, which is a surplus 
commodity in the United States, is sent 
primarily to Japan, the Netherlands, West 
Germany, and Canada where it is used 
extensively in the metallurgical industries 
of these countries. 

Lubricants from the United States are 
shipped to virtually every country through- 
out the world, and in 1976 there were 9.5 
million barrels exported from the United 
States. Lubricant exports from the United 
States, however, have been in a downtrend 
because new refineries constructed in 
foreign countries included facilities for the 
manufacture of lubricating oils and greases; 
hence, a shrinkage in the market for prod- 
ucts from the United States. In 1967, for 
example, exports for lubricants averaged 
50,866 bpd compared with 25,943 bpd in 
1976. 

Exports of petrochemical feedstocks in 
1976 accounted for 11,144,000 barrels or 
13.7% of shipments to foreign countries. 
Included in this category are carbon black 
feedstock oil, naphtha of less than 400* F 
end point, and many other unfinished hy- 
drocarbons suitable for petrochemical ma- 
nufacture. Exports of liquefied gases totaled 
nearly 9,000,000 barrels and were shipped 
primarily to Mexico from Texas by truck 
transports. 

Imports.—Reflecting an increase in re- 
fining activity, imports of crude oil in 1976 
rose 29.2% to 1.9 billion barrels or nearly 
5.3 million bpd. In the products category, 
imports were lower for most products ex- 
cept kerosine, residual fuel, and butane and 
propane. An increase of 177,400 bpd in 
residual fuel oil imports more than offset 
sharp reductions in imports of gasoline and 
declines in imports of distillate fuel oil and 
jet juel. Saudi Arabia supplied more than 
1.9 million bpd or 23% of crude imports, and 
Nigeria followed with about 1 million bpd or 
19%. Indonesian oil ranked third with 
536,000 bpd or 10%, and most of this oil 


was landed in 1976 in PAD district V for use 
by west coast refineries. About one-third of 
all crude oil imports or nearly 1.8 million 
bpd was received at gulf coast ports in PAD 
district III, and more than one-half of that 
crude oil was obtained from two countries; 
542,600 bpd originated in Nigeria and 
another 456,400 bpd were imported from 
Saudi Arabia. Nearly 138,000 bpd were 
obtained from Algeria and imports from 
Libya into PAD district III averaged about 
153,000 bpd. 

Even more important to crude supply are 
imports of foreign crude into PAD district I. 
During 1976, imports of crude averaged 1.4 
million bpd, a volume equivalent to 89.2% 
of the crude oil import to refineries in PAD 
district I in 1976. More than one-half of 
imports came from Saudi Arabia and Nige- 
ria. Algeria and Venezuela supplied an- 
other 25% of the requirements. 

Imports of petroleum products averaged 2 
million bpd and residual fuel oil accounted 
for 1.4 million bpd or nearly 7 out of every 
10 barrels of products imported. Venezuela 
supplied nearly one-third of the residual 
fuel oil imported into district I, and the 
Virgin Islands and the Netherlands Antilles 
combined imports supplied another 36%. 
Imports of residual fuel oil were received in 
district I from 37 countries of origin in 1976 
and reflects the rising demand which ac- 
companied the severe winter weather in the 
Midwest and the Northeast. Also, the lack 
of natural gas triggered increased use of 
fuel oils as a substitute fuel in 1976. 

Some 49 million barrels of distillate fuel 
oil averaging 134,000 bpd were imported 
into district I, and 62% of this volume was 
received from the Virgin Islands. Likewise, 
of the 146,190 bpd of motor gasoline import- 
ed into district I, 60% came from the Virgin 
Islands and another 29% came from Puerto 
Rico. 

In the aggregate, imports of both crude oil 
and products averaged 7,395,000 bpd in 
1976. Of this volume 6,111,000 bpd was 
received from all Organization of Petroleum 
Exporting Countries (OPEC) sources, and 
3,323,000 bpd was received from OPEC Mid- 
dle East and North Africa as indicated in 
figure 8. It should be noted, however, that 
not all of these imports were received di- 
rectly from OPEC. For example, in the 
petroleum products group some 1,050,000 
bpd of petroleum products were derived 
from OPEC crude processed in refineries 
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Figure 8.—Imports, direct and indirect, from OPEC Nations. 


located primarily in the Virgin Islands and 
in Puerto Rico. Only 515,000 bpd of products 
were recovered directly from OPEC coun- 
tries. 

The OPEC consists of 13 countries, 6 of 
these are in the Middle East: Iran, Iraq, 
Kuwait, Qatar, Saudi Arabia, and the Uni- 
ted Arab Emirates. Africa includes four 
countries: Algeria, Gabon, Libya, and Nige- 
ria. Ecuador and Venezuela constitute the 
two countries in South America, and In- 
donesia in Asia completes the group. 


Production of oil has been declining in 
the United States since 1970, creating a 
dwindling domestic supply. Meanwhile, de- 
mand continues to trend upward; hence, the 
need for greater imports. In 1976, imports 
equaled 41% of demand, whereas in 1970 
when crude production peaked, imports 
accounted for only 24%. Furthermore, prod- 
ucts made up more than one-half (57.9%) of 
total imports and residual fuel oil account- 
ed for 77% of the products segment. 
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WORLD REVIEW 


OPEC, which accounts for 90% of all 
crude oil in international trade, established 
the price of Arabian marker crude at $12.38 
per barrel as the posted price® and $11.51 
per barrel as the sales price in October 1975. 
These prices remained unchanged through 
yearend 1976. At the OPEC ministerial 
conference in December, price increases as 
high as 2596 were proposed for January 1, 
1977; however, Saudi Arabia, which cur- 
rently produces about one-third of all OPEC 
output directed its influence in favor of 
price moderation. The Saudi Arabian Gov- 
ernment declared its motive in adopting a 
price restraint policy as primarily an act of 
faith with the West to encourage their 
support in resolving the  Arab-Israeli 
conflict. 

The December OPEC meeting was finally 
concluded with the adoption of a two-tier 
structure of oil prices effective January 1, 
1977. Eleven members of OPEC increased 
the price of marker crude by $1.19 per 
barrel or 10.3%, while Saudi Arabia and the 
United Arab Emirates raised the price of 
marker crude by $0.58 per barrel or 5%. 
Prior to this dispute, Saudi Arabia, as 
flexible producer, was able to minimize 
competition among OPEC members. When 
demand for OPEC crude was weak in the 
recession of 1974-75, Saudi Arabia made 
major cutbacks in oil production with the 
objective of preserving the cartel and main- 
taining high price levels. With revenue 
requirements far below receipts, the Nation 
could tolerate reduced exports. By the adop- 
tion of the lower tier price level, Saudi 
Arabia had reversed its role. Saudi Arabia 
announced plans to increase production and 
force the upper tier producers to cutback 
production in face of their market disadvan- 
tage. The longevity of the two-tier pricing 
Structure is subject to the supply-demand 
outlook for OPEC oil in 1977 as well as the 
frequently shifting political climate. 

Production.—World crude oil and field 
condensate production averaged 57.9 mil- 
lion bpd, a record level surpassing the 
previous high recorded in 1974 by 1.6 mil- 
lion bpd, and surpassing output in the deep 
recession year of 1975 by 4.5 million bpd. 
For the first 9 months of the year pro- 
duction averaged only 56.5 million bpd but 
surged to an average of 61.3 million bpd in 
the last quarter. Increased demand at year- 
end was prompted by stockpiling as buyers 


took advantage of the comparatively cheap- 
er prices still in effect before the announced 
price increases of January 1, 1977. 

The U.S.S.R. maintained its leading posi- 
tion among world producers accounting for 
10.4 million bpd, followed by Saudi Arabia 
with its share of Neutral Zone production 
averaging a total of 8.6 million bpd, and the 
United States with production averaging 8.1 
million bpd. For additional production fig- 
ures on a country-by-country basis refer to 
table 62. 

More than half of the world output was 
derived from the 13-member States of OPEC 
producing a combined average of 30.8 mil- 
lion bpd, for calendar year 1976 and surging 
to an average of 34.3 million bpd for the 
month of December, preceding the price 
increases of the new year. 

Combined production from non-OPEC 
Nations averaged 27.1 million bpd an in- 
crease of 0.9 million bpd over 1975. While 
much of this increase in production was 
attributed to output from the U.S.S.R., pro- 
duction from the North Sea averaged over 
0.5 million bpd in 1976, about 300,000 bpd 
over 1975 levels. By 1977, North Sea pro- 
duction should increase by approximately 1 
million bpd over 1975 output leading the 
non-OPEC world in production growth by 
volume. 

Crude Oil Movements.—Crude oil consti- 
tutes about 80% of all Western European 
petroleum imports, 88% of Japanese petro- 
leum imports, and 75% of petroleum im- 
ports of the United States. Crude oil move- 
ments to these major markets totaled near- 
ly 22 million bpd in 1976. Nearly 60% of 
these imports were obtained from the Mid- 
dle East. Excluding intra-European ship- 
ments, Western European total crude im- 
ports averaged 12.1 million bpd with the 
Middle East supplying 71% or 8.6 million 
bpd. The Middle East supplied 79% of 
Japanese crude imports or more than 3.6 
million bpd. United States crude petroleum 
imports approached 5.3 million bpd, about 
35% or near 1.9 million bpd was supplied by 
the Middle East. Saudi Arabia supplied 
more than 1.2 million bpd. Other major U.S. 
crude suppliers were Nigeria with 1 million 
bpd and Indonesia at 0.5 million bpd. 


9Price used for calculating producing companies’ tax 
and royalty payments on equity oil. 
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Figure 10.—World share of crude oil production, in 1966 and 1976. 
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Figure 11.—World daily petroleum demand, 1976. 


Transportation.—With the exclusion of 
nearly 46 million dwt in combined carriers, 
the world tanker fleet totaled 321 million 
dwt at yearend 1976 representing a net 
increase, after losses, scrappings, and con- 


versions, of 29 million dwt over the previous 


year. Over 91% of the world tanker tonnage 
sails under the Liberian flag followed by 
registries in Japan and the United King- 
dom, which account for 10% and 7%. Tank- 
ers over 200,000 dwt and up to 285,000-dwt 
capacity constitute 4396 of the total tanker 
fleet. Since the closure of the Suez Canal in 
1967, most of the new tankers under con- 
struction were in this capacity . In 
1976, however, of the 40.4 million dwt of 


newly commissioned tanker capacity, 13.5 
million dwt was in the range of over 200,000 
dwt and up to 285,000 dwt, while 14 million 
dwt was in the range of 285,000 dwt and 
over. 

Voyages from the Middle East occupied 
78% of the oceangoing fleet. Voyages from 
the Middle East to Europe alone occupied 
4190 of the total oceangoing fleet,. while 
voyages between the Middle East and Japan 
occupied 11%, and voyages between the 
Middle East and the United States occupied 
9%. Movements on the Mediterranean Sea 
were reduced when Iraq discontinued ex- 
ports from Banias and Tripoli in April. The 
Saudi Arabian crude exports through the 
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Tapline terminal at Sidon had been discon- 
tinued in 1975 and were not renewed during 
1976. Movement through the Suez Canal in 
1976 was limited to laden tankers of no 
more than 70,000 dwt. Laden tankers trans- 
iting the Suez Canal totaled an estimated 35 
million dwt in 1976. Tankers return- 
ing to the Persian Gulf in ballast totaled an 
estimated 100 million dwt in 1976. 

Two new Middle Eastern pipelines should 
be operational in 1977; the Sumed pipeline 
connecting the Gulf of Suez with the Medi- 
terranean Sea and the Iraq-Turkey pipeline 
connecting the Iraq oilfields to the Mediter- 
ranean outlet of Dortyal. When these pipe- 
lines are operational, Mediterranean tan- 
ker traffic will significantly increase. In 
1977 the Trans-Alaska pipeline will be op- 
erational increasing tanker activity along 
the North American west coast and through 
the Panama Canal. 

Five United States west coast ports can 
accomodate tankers of 100,000 dwt or bet- 
ter. The largest of these is at Ferndale, 
Wash., accomodating tankers up to 150,000 
dwt. Most United States gulf coast and east 
coast ports, while serving the more heavily 
populated areas of the United States, can 
only accomodate tankers of 50,000 dwt or 
less. Without lightering and transshipment 
facilities, importers could not benefit from 
the economic advantages realized in using 
very large crude carriers for long distance 
hauls. Transshipment terminals, operating 
at Curacao and at the Grand Bahamas 
Island, were joined in 1976 by the new 
Bonaire terminal in the Netherlands Antil- 
les. The construction of two superports off 
the gulf coast of the United States was 
under consideration in 1976. 

Refining Capacity.—Total world crude 
oil refining capacity was estimated at 75.2 
million bpd by yearend 1976 representing a 
9.4 million bpd increase over 1975 levels. 
About 0.9 million bpd of new capacity is 
attributed to the United States, almost 0.4 
million bpd to the People's Republic of 
China, about 0.8 million bpd to the U.S.S.R., 
and over 0.2 million bpd for both France 
and Italy. The Eastern Hemisphere, with 
major refining centers in the Common Mar- 
ket, in the U.S.S.R., and in Japan, account- 
ed for 65% of total world refining capacity 
or 49.2 million bpd. Most Eastern Hemi- 
Sphere refineries operated well below ca- 
pacity. In the Common Market, where re- 
fining capacity totaled 17.3 million bpd, 
crude oil and blendstock throughput repre- 
sented only 60% of capacity. Refining ca- 
pacity of the U.S.S.R. is estimated at 9.5 
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million bpd, and capacity utilization is esti- 
mated at 90%. Japan, where refining ca- 
pacity totals 5.5 million bpd, operated at 
8096 capacity. Refining capacity in the 
Western Hemisphere totaled 26 million bpd. 
Nearly 16 million bpd refining capacity is in 
the United States, over 2 million bpd in 
Canada, and nearly 1.5 million bpd in Ven- 
ezuela; refineries operated at 85%, 80%, 
and 6096 capacity, respectively. 

Consumption.—World petroleum con- 
sumption increased by an estimated 4.9 
million bpd, raising total consumption to 
57.9 million bpd in 1976. Consumption lev- 
els in major industrial areas increased as 
the various economies adjusted to the petro- 
leum price burden. Western European con- 
sumption increased by 127,000 bpd to 12.2 
million bpd, and the United States increas- 
ed by 940,000 bpd to 17.4 million bpd. 

Australia.—Restrictions on foreign in- 
vestments and a price ceiling of less than 
$3.00 per barrel on Australian crude result- 
ed in a sharp decline in exploratory and 
development drilling. In 1972, a total of 139 
exploratory and development wells were 
drilled. By 1976 drilling activity was re- 
duced to 19 exploration wells and 14 devel- 
opment wells; consequently, crude reserves 
had dropped to 1.4 billion barrels, about 
50% the 1972 reserve level. The Australian 
Government has reassessed its program and 
a more favorable investment climate is 
expected. 

Australian crude production averaged 
417,000 bpd, the bulk of which was derived 
from the Esso-Broken Hill Pty, Ltd. oper- 
ations in Bass Strait where output from the 
Kingfish, Halibut, and Barracouta fields 
totaled an average of 385,000 bpd. Two new 
fields were under development in this area. 
The Mackerel field, with crude reserves of 
200 million barrels, was scheduled to enter 
production in 1977; production at full de- 
velopment was estimated at 70,000 bpd. The 
Tuna field, with crude oil reserves of 40 
million barrels and natural gas reserves of 
500 billion cubic feet, was scheduled for 
production in 1978. It was reported that at 
full development, the field should produce 
23,000 bpd. 

France.—Domestic production averaged 
21,000 bpd accounting for about 1% of 
France's petroleum consumption require- 
ment. 

Offshore exploration in the Mer d' Iroise 
proved promising, but further activity in 
this area has been suspended pending a 
decision by the International Arbitration 
Tribunal as to the median line between the 
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French Mer d' Iroise and the British Celtic 
Sea 


In January 1976 the French Government 
approved the merger of State-owned Enter- 
prise de Recherches et d'Activités Pétro- 
lierés (ERAP) and Société National des 
Petroles d'Aquitaine. The new company is 
registered as Société Nationale Elf-Aqui- 
taine (SNEA). 

In mid-1976 Port Autonome du Havre 
opened its superport facilities at Antifer 
about 15 miles north of Le Havre. Antifer 
can accomodate tankers of 550,000-dwt ca- 
pacity and can be made to accomodate 
tankers of 1,000,000-dwt capacity when the 
need arises. Tankers calling at Antifer off- 
load petroleum for French consumption or 
use the facilities to transfer the petroleum 
to smaller tankers for delivery to other 
European ports of more limited tanker ca- 
pacity. 

India.—Production from the Bombay 
High offshore structure averaged 17,000 bpd 
for calendar year 1976 raising India's crude 
petroleum production to an average of 
177,000 bpd for the year. By yearend, how- 
ever, output from Bombay High approached 
35,000 bpd, by yearend 1977 output should 
reach 80,000 bpd, and at full development in 
1979, the field should average 200,000 bpd. 
The Bombay High sstructure contains 
proved reserves of 1.5 billion barrels or half 
of India’s total proven crude petroleum 
reserve of 3 billion barrels. 

The Indian Oil and Natural Gas Commis- 
sion (ONGC) has reached agreement on the 
acquisition of the Caltex Oil Refining Co. 
and the marketing firm, Caltex (India) Ltd. 
for $14.6 million. Government policy favors 
discouraging foreign equity. The Caltex 
acquisition followed similar actions by 
ONGC in recent years with holdings of Esso 
Eastern Inc, Royal Dutch/Shell, and 
Burmah Oil Co., Ltd. 

Indonesia.—Liquidity problems of the 
State oil and natural gas company, Pertami- 
na, prompted the Government to seek a 
source for rapid cash receipt. One avenue 
was the renegotiation of long-standing con- 
tracts with foreign oil companies. General- 
ly, the existing production sharing con- 
tracts designated 40% of production for 
investment recovery, 20% for delivery to 
Pertamina refineries at 20 cents above pro- 
duction cost, and divided the remaining 
production 65%/35% in favor of Pertamina. 
Revised contracts were signed in midyear 
and were retroactive to January 1, 1976. 
The new contracts essentially directed 89% 
of foreign company income to Pertamina. 


MINERALS YEARBOOK, 1976 


The new contract terms increased the Gov- 
ernments income by $640 million in 1976, 
but at the same time reduced the operators 
cash flow. As a result, exploration and 
development activity dropped significantly 
by yearend. During 1976 there were 142 
exploratory well completions, a decline of 
22% from 1975. Total footage drilled was 
748,235 representing a 31% decline from 
1975. In spite of reduced drilling activity, 43 
new oil and gas wells were discovered for a 
success ratio of 1.3. Development drilling 
footage was reported at 1,549,699, also an 
appreciable drop from 1975 levels. Reduced 
exploration and development activity will 
probably continue in 1977, but a reversal 
might be anticipated by 1978, as the Indone- 
sia Government announced that contract 
modifications allowing for exploration in- 
centives would be forthcoming in 1977. 

Indonesian crude oil production averaged 
over 1.5 million bpd, representing a 15% 
increase over the 1975 level. The adjust- 
ment of Indonesian crude prices to more 
competitive levels contributed signficantly 
to increased demand and the consequent 
increased production. Companies from the 
United States accounted for 85% of total 
production. Affiliates of Texaco, Inc. and 
Standard Oil of California alone accounted 
for 56% of total production. 

Productive capacity of Indonesian fields 
approximated 1.75 million bpd in 1976, but 
should increase to 1.8 million bpd in 1977 
when additional capacity becomes available 
from Cia. Francaise des Pétroles and Atlan- 
tic Richfield Co. operations in East Kali- 
mantan, from Phillips Petroleum Co. oper- 
ations in Irian Jaya, from Independent 
American Petroleum Co. operations in the 
Java Sea, and from Pertamina and Caltex 
Pacific Indonesia operations in Sumatra. 

Crude petroleum exports were revitalized 
in 1976 averaging well over 1.2 million bpd. 
Japanese and U.S. markets absorbed 43% 
and 4196, respectively, of all Indonesian 
crude petroleum exports. Eight refineries 
with a combined capacity of 523,000 bpd are 
owned and operated by Pertamina, inclu- 
ding the 100,000-bpd-capacity Cilacap refin- 
ery inaugurated in August 1976. Indonesia's 
only other refinery is the 4,000-bpd-capacity 
refinery at Cepu operated by the Oil and 
Gas Academy (Lemigos) Overall refinery 
output in 1976 averaged 310,650 bpd. This 
includes 83,000 bpd processed by two Singa- 
pore refineries under special arrangements 
with Pertamina. Petroleum product exports 
averaged 100,000 bpd. Product exports were 
almost entirely residual fuel processed 
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from Minas Sumatran crude for direct- 
burning power generation in Japan. 

Iran.—The petroleum industry is dedica- 
ted to sustaining high production levels for 
as long a period as possible, and to maximiz- 
ing ultimate recovery by reservoir pressure 
maintenance. The goals were reinforced in 
1976 as the initial phase of the $2.5 billion, 
13,000 million-cubic-foot-per-day gas rein- 
jection program was implemented. Four 
injection wells were drilled in the Haft Kel 
field where 400 MMcf per day of gas was 
injected. The gas was transported through a 
24-inch pipeline connecting six wells in the 
Naft Safid field to the Haft Kel field. By 
yearend gas injection also commenced at 
Gachsaran and Agha Jari, Dome and asso- 
ciated gas from the Pozanan field was the 
supply source for gas injection programs in 
the Gachsaran and Aga Jari fields. A gas 
injection project was scheduled for the Pars 
field in 1977, gas was to be delivered by an 
extension of the Haft Kel 24-inch pipeline. 

Crude oil production for 1976 averaged 
5.9 million bpd; however, near capacity 
peak preduction levels were reached in the 
fourth quarter when output averaged 6.6 
million bpd. Demand for crude registered a 
sharp rise at yearend as buyers attempted 
to stockpile as much crude as feasible in 
view of the announced January 1977 price 
increase. More than 90% of Iran's output 
comes from the Khuzestan fields in south- 
west Iran owned by the National Iranian 
Oil Co. (NIOC) and operated by the Oil 
Services Co. (OSCO). Among the larger 
fields in this area are the Marun field 
where production averaged 1,340,000 bpd in 
1976, the Ahwaz field where production 
averaged 930,000 bpd, the Agha Jari field 
where production averaged 850,000 bpd, and 
the Gachsaran field where production aver- 
aged 620,000 bpd. Production from the last 
two fields reportedly would be appreciably 
increased in 1977 as a result of the gas 
injection program. 

Of total Iranian crude production, at least 
400,000 bpd was derived from offshore wells. 
NIOC has 50% interest in all offshore oil 
production. Companies producing in Irani- 
an waters are Lavan Petroleum Co., Irani- 
an Marine International Oil Co. , Iran Pan 
American Oil Co. and Société Irano-Itali- 
enne des Pétroles. 

Crude exports averaged 5.2 million bpd in 
1976. About 600,000 bpd was refined in Iran 
for domestic consumption. Iran’s petroleum 
consumption growth rate was anticipated to 
be about 16% to 18% yearly for the next 5 
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years. In line with increased domestic cvn- 
sumption, the domestic refining capacity 
will be raised from 750,000 bpd in 1976 to 
980,000 bpd in 1977, and to 1,450,000 bpd in 
1981. Additional refinery capacity will em- 
phasize production of middle distillates as 
this group represents 5596 of Iran's con- 
sumption pattern. 

Construction of the 80,000-bpd-capacity 
Tabriz refinery continued on schedule and 
completion was anticipated by April 1977. 
The refinery will process crude from the 
Ahwaz field for consumption in northwest 
Iran. In December 1977 ground breaking 
ceremonies launched construction of a 
200,000-bpd-capacity refinery at Isfahan. 
The first of two 100,000-bpd-capacity distil- 
lation columns and supporting units will be 
operational in the spring of 1978, and the 
second will be operational in the fall of the 
same year. The Abadan refinery was under 
expansion raising capacity from 450,000 bpd 
to 600,000 bpd by 1977. A 300,000-bpd refin- 
ery is planned for completion by 1981. The 
location of this refinery has not yet been 
announced. 

Iraq.—Production averaged 2,415,000 bpd 
for calendar year 1976; however, output in 
the last quarter surged averaging 3 million 
bpd in December. The bulk of crude output 
was derived from the Kirkuk complex fol- 
lowed by production from the Rumaila and 
Zubair fields. Three new fields, the Buzur- 
gan, the Abu Ghirab, and the Fauqi, were 
under development in 1976. These fields are 
located in Southern Iraq near the Iranian 
border. The Buzurgan and Abu Ghirab 
fields entered production in October with 
crude oil averaging 23° API gravity and 
3.7% sulfur. At yearend a commercial dis- 
covery was announced near Al-Qurnah. The 
new field, the Majnoon, has an estimated 
reserve of 2 billion barrels. Production ca- 
pacity is estimated at 350,000 bpd. 

In April, after a sustained dispute over 
transit fees and over prices on crude deliv- 
ered to the Syrian Homs refinery, Iraq 
suspended shipments through pipeline from 
Northern Iraq across Syria to the Mediter- 
ranean terminals of Banias and Tripoli. 
Crude petroleum output was rerouted 
through a newly constructed 410-mile pipe- 
line connecting the northern fields with Fao 
on the Gulf of Basrah. At Fao two subma- 
rine pipelines of 48-inch-diameter run a 
length of 25 miles to four offshore loading 
berths. Still another outlet for Iraqi crude 
exports should be available in 1977, when 
the 610-mile pipeline connecting Iraq fields 
to the Port of Dortyol, Turkey is opera- 
tional. 
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Italy.—More than 50 Italian and foreign 
companies are exploring for oil and gas in 
Italy. Onshore concessions are concentrated 
in Italy near Tuscany, Lazio, and Abruzzi; 
while the offshore search is centered along 
the southern Adriatic Sea into the Ionian 
Sea and in the waters of Sicily and the 
smaller island groups between Italy and 
Tunisia. Italian reserves are estimated at 
815 million barrels, no significant additions 
to reserves have been reported in 1976. 

Italian refining centers have a rated ca- 
pacity totaling well over 4 million bpd. 
Refineries continued to operate well below 
capacity as crude throughput, virtually all 
imports, averaged only 2.1 million bpd. 

Kuwait.—Kuwait Law 10 of 1976 was 
ratified in March abolishing retroactively to 
March 1975 all previous oil concessions and 
participation agreements between the Gov- 
ernment of Kuwait, the Gulf Oil Co., and 
British Petroleum Corp. (BP) in connection 
with the Kuwait Oil Co. (KOC) and its 
operations. The State assumed full control 
over the Nation's petroleum industry; how- 
ever, both the Gulf Oil Co. and BP are 
under fee for technical assistance. 

The KOC, now fully State-owned, ac- 
counted for all production in Kuwait, which 
averaged 1,912,569 bpd in 1976. The Amer- 
ican Independent Oil Co. (Aminoil) ac- 
counted for all Kuwait onshore production 
in the Neutral Zone. Aminoil produced an 
average of 80,659 bpd in 1976. The Kuwait 
share of offshore operations in the Neutral 
Zone was 152,192 bpd. Offshore operations 
in the Neutral Zone are conducted by the 
Arabian Oil Co. (AOC) for both Kuwait and 
Saudi Arabia. The combined recovery from 
Kuwait and from that Nation's share of the 
Neutral Zone production averaged 2,147,000 
bpd. 
Nearly 1.8 million bpd, or more than 80% 
of the crude output was exported. The Far 
Eastern markets accounted for nearly half 
of the crude oil exports. 

Mexico.—The State-owned company 
Pétroleos Mexicanos, S.A. (Pemex) an- 
nounced a 6-year petroleum industry devel- 
opment program which would increase pro- 
duction from nearly 1 million bpd to 2.2 
million bpd in the 1976-81 period. Pemex 
investment budget for this time frame pro- 
vides $8.4 billion for exploration and devel- 
opment, $2.3 billion for refining expansion, 
$2.6 billion for petrochemical expansion, 
and $2.2 billion for transportation develop- 
ment. 

During the 6-year period, Pemex plans to 


drill 1,324 exploratory wells and 2,152 de- 
velopment wells. Refinery capacity will be 
augmented by completing two new refin- 
eries with a combined capacity of 270,000 
bpd, and by a 200,000-bpd expansion of both 
the Tula and the Salina Cruz refineries 
bringing total refinery capacity to 1.67 mil- 
lion bpd by 1981. 

Petroleum exports, predominantly crude 
oil, averaged legs than 100,000 bpd in 1976. 
Petroleum exports are planned at 1.1 mil- 
lion bpd in 1981, with products accounting 
for nearly two-thirds. 

Nigeria.—Investment in exploration and 
development declined since 1974, when the 
Government acquired majority ownership 
in the producing companies. By yearend 
1976 onshore rig count had dropped to 15 
compared with 23 in operation in 1975. 

The largest producer is the Petroleum 
Development Co., a joint venture between 
Royal Dutch/Shell and BP in which 
Nigerian National Oil Co. (NNOO) recen 
acquired 5595 equity. Shell/BP production 
averaged 1.23 million bpd from 75 onshore 
fields. Other major producers were Gulf Oil 
Co. averaging nearly 300,000 bpd, Mobil Oil 
Co. averaging 230,000 bpd, and ENI-Phillips 
averaging 186,000 bpd. The NNOC recently 
acquired 55% equity in the preceding com- 
panies as well. 

Norway.—Crude oil production from the 
Ekofisk complex in the Norwegian Conti- 
nental Shelf averaged 279,000 bpd in 1976. 
A deep trench along the coast of Norway 
renders a pipeline unfeasible; therefore, 
Norwegian offshore production was deliv- 
ered to Teeside, England, for export or 
refining through a 34-inch-diameter, 200- 
mile pipeline of 1-million-bpd capacity. 
Terminal facilities at Teeside include stabil- 
ization units, tanker loading berths, and 
storage capacity for 7.5 million barrels. 

In mid-1976, the Norwegian Parliament 
approved the development of the Statfjord 
field and requested that a 2-year testing 
program be launched in an effort to con- 
Struct a pipeline across the Norwegian 
trench to connect this field with the Nor- 
wegian coast. The Statfjord field, discovered 
in 1974 by Mobil Oil Co., has an estimated 
recoverable reserve of 3.9 billion barrels of 
oil and 100 billion cubic meters of associated 
gas. Initial production from this field should 
be realized in 1979 at 60,000 bpd, and pro- 
duction at full development is anticipated 
at 900,000 bpd. 
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During 1976, two major discoveries on the 
Norwegian Continental Shelf were an- 
nounced; Mobil Oil Co. announced a discov- 
ery in bloc 33/9 near Statfjord and Contin- 
ental Oil Co. announced a discovery in bloc 
7/12 near Cod. 

Statoil, the Norwegian State oil company 
is at least a 50% partner in all petroleum 
exploration and development activity. On 
January 1, 1976, a State petroleum distribu- 
tion company was formed under Norsk Olje 
(NOROL,, following the Norwegian Govern- 
ment purchase of Norsk Braendselolje, 
Norske OK, and Norsk Hydro A/S. 

Saudi Arabia.—The long pending take- 

over of the sole producing company in Saudi 
Arabia, the Arabian American Oil Co. (Ar- 
amco), had not materialized by yearend. 
Among the points still under negotiation 
were the details of the management con- 
tract. 
Aramco reported the discovery of three 
new fields in 1976, located at Hasbah, Sha- 
rar, and Suban. Aramco’s net addition to 
reserves at yearend were 2.3 billion barrels 
proved and 1.7 billion barrels probable. 
Aramco reported proved reserves at year- 
end at 110.2 billion barrels, and probable 
reserves at 177.5 billion barrels. These fig- 
ures are for Saudi Arabian reserves and do 
not include about 3 billion barrels of the 
Saudi Arabian share from the Neutral 
Zone. The Government of Saudi Arabia has 
issued a less conservative estimate of 
proved reserves at 151.4 billion barrels. 

Crude oil production from Saudi Arabia 
and from that Nation’s share of Neutral 
Zone production averaged nearly 8.6 million 
bpd in 1976, a 21% increase over the 1975 
average. Peak production level was achiev- 
ed at 9.4 million bpd for the month of 
November as buyers accelerated crude oil 
purchases before the January price hike. 

More than half of Saudi Arabia’s 1976 
production was derived from the giant Gha- 
war field which averaged 5.2 million bpd. 
Pressure maintenance techniques applied 
at Ghawar are the injection of saline aqui- 
fer water in the northern, eastern, and 
western perimeters, and the reinjection of 
gas in the northern dome. A massive seawa- 
ter supply project is under construction to 
reduce dependence on aquifer water for 
pressure maintenance. The seawater will be 
collected just south of Dhahran and trans- 
ported via a 65-mile long pipeline. The 
initia] phase of the seawater pressure 
maintenance program will be in operation 
by 1978, when 4,2 million bpd of treated 
seawater will be available for injection. 
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Future expansion to a 12-million-bpd ca- 
pacity is programed. | 

At the December OPEC ministerial meet- 
ing, Saudi Arabia together with Abu Dhabi 
rejected the 10% price increase adopted by 
11 other members of OPEC and launched a 
two-tier price system by adopting a 596 
price increase effective January 1, 1977. At 
the same time Saudi Arabia announced its 
intention to increase production capacity 
from the 1976 level of nearly 12 million bpd 
to 16 million bpd by 1982. 

U.S.S.R.—Production of crude oil and 
field condensate averaged 10.4 million bpd, 
maintaining the Nation's lead in world 
production of liquid hydrocarbons. The 
Urals-Volga region, which includes the ma- 
jor producing areas of Tataria, Bashkiriya, 
and Kuibyshev, accounted for nearly 4.5 
million bpd. Production from Western Sibe- 
ria followed with a reported output. of 3.6 
million bpd. The largest field in Western 
Siberia is Samotlor where output from more 
than 1,000 producing wells totaled an aver- 
age of 2.2 million bpd in 1976. Soviet sources 
report the anticipated peak production of 
Samotlor at 2.7 million bpd in 1977 revising 
various earlier projections, while ρτο- 
duction at Samotlor rises to peak levels, 
development activity in Western Siberia 
continues. The following fields entered pro- 
duction in 1976: Kholmogorskoye, Severo- 
Vareganskoye, Lokoskovskoye, Yuzhno Ba- 
lyskoye, Severo Pokurskoye, and Yuzhno 
Surgutskoye. Soviet production goals for 
Western Siberian fields are set at 6 million 
bpd by 1980, or nearly half of total Soviet 
projected output for that year. 

Offshore production in the Soviet Union 
totaled 220,000 bpd of crude oil and field 
condensate, falling well below the 1976 
planned goal. All Soviet offshore production 
is derived from Caspian Sea deposits, the 
largest of which is the Baku Archipelago, 
which accounted for 100,000 bpd or nearly 
half of the offshore output, followed by the 
Neftianye Kamni field, which yielded about 
70,000 bpd. : 

Offshore drilling activity has been 
hampered by the lack of mobile drilling 
units often resulting in the time-consuming 
and costly construction of fixed platforms 
for wildcat drilling. The Soviet Union's 
mobile offshore drilling capability is limited 
to four jack-up rigs. The Apsheron rig is 
only capable of drilling in shallow waters 
not exceeding 50-foot depths with a total 
drilling depth capability of 5,900 feet. The 
Azerbaijan rig can operate in water depths 
up to 66 feet with total drilling depth at 
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10,000 feet. Recent additions to the Soviet 
mobile rig fleet are the Netherlands-built 
Khozar jack-up rig and the Soviet-built 
Baku jack-up rig; both rigs are capable of 
operating in 200 feet of water with a max- 
imum drilling depth of 20,000 feet.'* During 
the 1976-80 5-year plan, the Soviet Union 
intends to increase its mobile rig fleet to 12. 
The rigs will be employed on the Western 
and Eastern shelves of the Caspian Sea. 

Offshore production goals for 1980 have 
been revised downward from 360,000 bpd to 
215,000 bpd. During 1976, new discoveries 
were reported on the East Bank of the 
Caspian Sea near the Cheleken Peninsula, 
the Magyshlak Peninsula, and the Buzochi 
Peninsula. The development of these fields, 
as well as several shut-in fields, and the 
construction of adequate pipeline facilities 
have been incorporated in the Soviet Un- 
ion's long-range plans which anticipate Cas- 
pian Sea production at 440,000 bpd in 1985. 

Soviet sources report refining capacity at 
9.5 million bpd. Total exports of crude 
petroleum and refined products averaged 3 
million bpd. More than half of the petro- 
leum exports or 1.7 million bpd were deliv- 
ered to other centrally controlled econom- 
ies, while shipments to Western Europe 
averaged nearly 1 million bpd. 

United Kingdom.—Five new fields came 
onstream in the United Kingdom's section 
of the North Sea during 1976. The Auk 
field, owned by Shell U.K., Ltd. and Esso 
Petroleum Co., Ltd., entered production in 
February. Production at full development is 
estimated at 50,000 bpd. The Beryl field, 
owned by Mobil Producing North Sea, Ltd; 
Amerada Exploration Ltd.; Texas Eastern 
(UK), Ltd.; and the British Gas Corp., came 
onstream in June. Production at full devel- 
opment is estimated at 100,000 bpd by 1978. 
The Montrose field, owned by the British 
Gas Corp; Amoco U.K. Petroleum, Ltd.; 
Amerada Exploration, Ltd.; and Texas East- 
ern U.K., Ltd., also came onstream in June. 
Production at full development is estimated 
at 60,000 bpd by 1978. The Brent field, 
owned by Shell UK, Ltd. and Esso Petro- 
leum Co., Ltd., entered production in No- 
vember. Production at full development will 
be 450,000 bpd. The Piper field, owned by 
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Occidental Petroleum (UK), Ltd.; Getty Oil 
International (England), Ltd.; Allied Chemi- 
cal (Great Britian), Ltd.; and Thomson 
North Sea, Ltd., came onstream in Decem- 
ber. Production from the Piper field is 
anticipated at 250,000 bpd by yearend 1977. 
Combined U.K. production from the North 
Sea averaged 230,000 bpd in 1976. This 
includes output from the five fields which 
entered production in 1976 as well as output 
from the Argyll and Forties fields which 
have been onstream since 1975. By yearend 
1976, daily production from these seven 
fields in the North Sea was averaging 
500,000 barrels. The rate of production 
should continue to climb through 1977 rea- 
ching a daily average well in excess of 
800,000 barrels, or about half of the U.K. 
consumption requirement. Two additional 
fields, Thistle and the Claymore, were 
scheduled to come onstream late in 1977. 

Other significant developments in 1976 
include the conclusion of agreements on 
State participation which in effect gave the 
British National Oil Co. the right to buy 
nearly 1.3 million bpd by 1980 at the pre- 
vailing price, and the discovery of 12 new oil 
and 2 gasfields bringing total discoveries to 
78 since offshore exploration began in 1964. 

Venezuela.—Nationalization of the petro- 
leum industry was in effect as of January 1, 
1976, and compensation to foreign com- 
panies and subsidiaries was $1.1 billion. The 
transfer involved 5.4 million acres of con- 
cession holdings over 18 billion barrels of 
proved reserves well over 7,000 producing 
wells, 1.5 million bpd in refining capacity, 
over 6,000 miles of pipelines, as well as 
tankers, terminals, and other facilities. 

Petróleos de Venezuela (Petroven) is the 
State holding company for 14 new operating 
companies. Production averaged 2.2 million 
bpd, and oil sales were reported at $8.84 
billion. The Venezuelan Treasury's share of 
net sales totaled $6.77 billion. Capital in- 
vestment in the oil industry was $375 mil- 
lion in 1976 and scheduled to increase to 
$700 million in 1977. 


1901] and Gas Journal. Russia to Triple Mobile Rigs by 
1980. V. 75, No. 11, Mar. 14, 1977, p.29. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


993 


TECHNOLOGY 


During 1976, technological development 
in production, refining, transportation, 
storage, and marketing have contributed to 
the efficient use of energy. The decrease in 
the time used in drilling the well helped to 
advance production. Refineries are using 
new procedures and processes to refine less 
desirable oil into desired products; some 
products in demand, like gasoline, are being 
extended by adding methanol. Heat energy 
is being contained as tanks, which store 
petroleum, are being insulated to prevent 
heat loss. A fuel oil additive to improve 
combustion and reduce pollution is being 
marketed. The private individual can buy 
an oil filter with additives for the oil to 
increase the effectiveness of the oil. 

Domestic production is dependent on the 
addition of new producing wells. The new 
technological developments allow these 
wells to be drilled fast and in deep water in 
the Outer Continental Shelf. 

Computer assisted drilling technology is 
being developed by Baroid Research to pro- 
vide the drilling rig operator with comput- 
erized well control. Applied drilling tech- 
nology (ADT) service by Baroid is designed 
to help operators drill wells with optimum 
efficiency and minimum hazards, through 
accurate formation pressure control. The 
data recorded are utilized for normalized 
drilling rates, total mud and mud weight 
available, continuous gas in mud, pump 
pressure, casing pressure, mud viscosity, 
and normalized shale density for variations 
in mineral composition. With these observa- 
tions mud properties can be established to 
control formation pressure during trips, 
prevent gas kicks and their control, while 
not exceeding the fracture gradient causing 
loss circulation problems. Functions moni- 
tored by nondigital instrumentation and 
manually monitored include formation den- 
sity, penetration rate, formation drill abil- 
ity, cost per foot, lagged mud temperature 
and resistivity, and formation pore pres- 
sure. 

Computerized driling permits optimiza- 
tion of the drilling process through rapid 
data acquisition and analysis. Drilling costs 
are minimized by optimum bit weight and 
rotary speed for best bearing load and tooth 
wear. Hydraulics are continuously optimi- 
zed by computer to determine slip veloci- 
ties, critical velocities, equivalent circulat- 
ing density, pressure drops, and hydraulic 
horsepower for best hole cleanout and mud 
circulation." 


The U.S. Energy Research and Develop- 
ment Administration (ERDA) and private 
companies tested downhole engines (electri- 
cal motors or turbines) to drive the drill bit. 
The method tested was an electrical motor 
for offshore directional drilling. The down- 
hole and surface electronic package was 
built to combine directional control with 
the ability to sense downhole parameters in 
realtime so drilling procedures change as 
downhole conditions change. These at- 
tempts to improve the speed and accuracy 
of drilling by putting the drill-turning mo- 
tor near the drill bit instead of imparting 
motion to the entire string of drill pipe is 
done as an economic basis.“ 

Stratapax is a polycrystalline diamond 
blank for drill bits, which is supplied by 
General Electric Co. to drill bit fabricators. 
Blanks made of Stratapax have proved 
higher impact and abrasion resistant for 
longer bit life. The high abrasion resistance 
is due to the polycrystalline structure which 
has no cleavage planes but many tiny, 
randomly oriented crystals bonded to each 
other. The drill bits made with Stratapax 
blanks can double the penetration rates of 
conventional bits in soft and medium-hard 
stratas, but drilling problems in hard or 
abrasive formations have not been solv 

Exxon Corp. installed a production and 
drilling platform in the Hondo field. The 
platform, set in 850 feet of water off Califor- 
nia, has a total height of 945 feet, is in the 
Santa Yves unit with plans to drill 28 
development wells to a depth of 11,000 feet. 
Estimated production in 1978 from this field 
is 60,000 barrels of oil daily and 77 million 
cubic feet of gas daily from three platforms. 

Numerous technological advancements 
were realized in refining during 1976. Gulf 
Oil Corp. and Mobil Oil Corp. developed 
technology which they claim would permit 
refiners to produce larger amounts of gaso- 
line and middle distillates from crude oil by 
means of hydrotreating and fluid catalytic 
cracking. 

Chevron Research Co. developed a process 
for catalytically reforming naphthas into 


11NL Industries, Inc. Applied erg Unite; 
Baroid Petroleum Services February 1816, p. 8. 
!I3ERDA was transferred to the D ..... of Energy 
on Oct. 1, 1977. 
130i] Daily. Downhole Motors. No. 6,308, Jan. 7, 1977, p. 


14 G.E. Into Oil Patch Business. No. 
6,284, Jan. Jan. 21916, pp. 1- 

se of Ba Advances to Get More 

Distillate Gould Cut impo ports. No. 6,197, July 29, 1977, pp. 


994 


motor gasoline blending stocks and aromat- 
ic chemicals. Α bimetallic catalyst utilizes 
platinum and rhenium on alumina and 
results in lower fouling rates and lower 
catalyst costs. 

Α new process developed by Mobil Oil 
Corp. reportedly yields 75% to 80% high- 
quality 90-100 RON gasoline in a single pass 
of methanol through a pilot reactor using a 
zeolite catalyst. The company states that 
the yield can be boosted to 90% of the input 
by using a secondary process. Mobil re- 
searchers estimated the production cost of 
gasoline from coal-derived methanol is 5 
cents per gallon.!* 

Advanced air emissions and water control 
systems, installed at the Amoco Oil Co.'s 
petroleum refinery at Texas City, Tex., 
resulted in a reduction in pollution from the 
plant. Electrostatic precipitators on the cat- 
alytic cracking units contributed to a 92% 
drop in particulate emissions from the re- 
finery over a 2-year period. The plant's 
storm and waste water processing system 
likewise resulted in a significant decrease in 
pollutants discharged from the refinery. 

In France, a new technique called hydro- 
pyrolysis was developed for cracking gas oil 
and naphtha feedstocks at high tempera- 
tures and pressures to produce large yields 
of ethylene.!* 

Several new catalysts were developed for 
use in petroleum refining during the year. 
Nitto Chemical Industry Co., Ltd. of Japan 
and Standard Oil Co. of Ohio (Sohio) an- 
nounced a new catalyst for Sohio's acrylo- 
nitrile process. 
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In West Germany, an automobile fuel of 
85% gasoline and 15% methanol has been 
tested. 

Energy efficiency is being extended to the 
tank farms at refineries by application of 
insulation to petroleum storage tanks. Sev- 
eral domestic companies gained experience 
during the year in applying glass, polyure- 
thane, and other foam insulation to petro- 
leum storage tanks. It is reported that a 
significant energy savings was realized on 
heated tanks at which foam insulation had 
been installed.!* 

Two new products now available to the 
public and industry are a time release 
additive system to fortify an automobile's 
engine lubricating oil, and a fuel oil addi- 
tive to improve combustion and reduce 
visible smoke pollution. 

Monroe Auto Equipment Co. developed a 
time-release additive system packaged with 
an oil filter that would extend the life of 
automobile engine lubricating oils. While 
Monroe's new filter cleans the oil, antioxi- 
dants, antiwear agents, and viscosity im- 
provers are released in the oil.” 

Drew Chemical Corp. began marketing a 
new blend of combustion catalysts, solvents, 
dispersants, and water-emulsifying agents 
to be added to fuel oil in industrial boilers. 
Use of the product reportedly improves 
combustion resulting in reduced fuel con- 
sumption, reduced corrosion and slag de- 
posits in boilers, and reduces noxious and 
visible smoke pollution. 


NATIVE ASPHALT 


Bituminous Limestone, Sandstone, and 
Gilsonite.— Natural rock asphalt and lime- 
stone rock asphalt were produced in Alaba- 
ma, Missouri, and Texas, and were used for 
roadbuilding material. Gilsonite was pro- 
duced in Utah. The total production of 
native asphalts and related bitumens in 
1976 was 2,011,500 short tons with a value 
of $17,647,000. 


1601] an Journal. Methanol-to-Gasoline Process 
Advances. V. AN 10, Pros k 8, 1916, p. 36. 


170i . Amoco A 
Best Technology g Ar Available, 177 Most Zopf 
cated Water Control. No 976, pp. 5-6. 


emical and Engineering NS N Nap htha Cracking: 
New High-Yield Process. V. ring No. 45, Nov. 1, 1976, p. 18. 
190i] Daily. Foam Tank Insulation Subject of Many 
Meetings. No. 6, 141, May 11, 1976, Supplement p. 12. 
. Diseolvi Additive P New Oil Filter's 
Unique Feature. Νο. 6,095, Mar. 5, 1976, p. 3. 
3!Energy User News. Drew: Oil Additive Cuts Fuel Use 
5%. V. 1, No. 12, Dec. 20, 1976, p. 9. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 995 
Table 2.—Supply, demand, and stocks of all oils in the United States 
(Thousand barrels) 
Item 1972 1973 1974 1975 1976P 
Domestic production: 
Sn, LLL 2 LL uD XL Z 8,293,399 3, 206,012 3,056,936 2,922,654 2,845,955 
Lease condensate _____________________ 161,969 891 145,649 134,125 130, 
i Natural gas plant liquid 638,216 634,423 616,098 595,958 587,045 
ports:! 

n ————'Á——— uns 811,185 1,183,996 1,269,155 1,498,181 1,935,142 
Unfinished oils ............................. 45,105 50,161 44, 228 12,985 11,73. 
Plant condensate _____________________ 31,428 f 32,364 26,97 24,408 

ff... ey 847,046 1. 009,992 885,200 672,197 f 

Other hydrocarbons and hydrogen refinery 
IBDUU ον hy e ie RU. 10,118 10,716 13,057 13,779 18,949 
Total new supply _ _  _ 5,839,016 6,289,585 6,062,687 65, 876,851 6,247,103 
Crude oil unaccounted for? _________________ + 10,201 +918 -9,084 +6,048 + 28,079 
Processing gains 142,161 165,488 175,255 167 782 174,675 
Total supply __ ~________ 5,991,878 6, 455,941 6,228,858 6,050,681 6,449,857 
in Ol ³ AA 8 -84,968 +49,328 65, +11,839 -21,145 
Total disposition of primary supply ------- 6,076,346 6,406,618 6,168,519 6,038,842 6,471,002 

ο το Zum Z ass a ee 187 697 1,074 2,146 2,941 

Refined products 81,202 83,716 79,417 14,282 ,658 
Crude losses 4,641 4,897 4,189 ; 
Domestic demand for products: 
Gasoline: 
Motor gasoline ____________________ 2,333,778 | 2,436,156 2,386,177 2., 436,229 553,834 
Aviation gasoline __________________ 16, 16,581 16,215 14,067 13,362 

Total gasoline _._________-______ _ 2,850,003 2,452,687 2,402,392 2,450,296 2,567,196 
Jet fuel: 

Naphtha-type ___ _ k!! 88,495 79,220 81,171 76,548 72,713 
rosinetype -....--------.--------------..- ,995 807,407 281,429 288,747 288,645 

Total jet fuel _..______________-__ 490 386,627 362,600 865,290 361,358 
Ethane (including ethylene) _____________- 106,201 119,448 124,582 124,548 132,707 
Liquefied gases 413,649 409,318 503 861,897 1,263 
Kerosine . lI RC ENS 85,852 78,915 64,352 57,990 61,920 
Distillate fuel oil __ 1,066,110 1, 128,714 1,075,916 1,040,571 1,145,645 
Residual fuel oil __ _ -_-________________ 925,647 1,080,177 963,21 898,572 1,019,588 
Petrochemical feedstocks* ? 123,697 129,9 132,468 116,773 152,856 
Special naphthas _____________________ 31,866 3 31,976 27,490 30,109 
Lubricants __————------------------—- 52,813 59,171 56,670 50,169 55,732 
WR eoan eaaa ³ é AA ys gee 5,409 6,941 6,801 6,076 7,210 
Coke i ap ²¼v: 88, 276 95,156 87,056 ,048 89,091 
Asphalt — ß unay ας, 163,788 182,602 168,733 147,384 146,763 

77; ες y mum y 8 7,538 7, 832 881 453 647 
Still gas for fue „„ 170,993 176,758 175,724 175,351 180,666 

llaneous products ________________- ,284 8,934 ,263 32. 674 47,464 
Plant condensate ........ ................ - .... T 1,869 6,106 6,933 923 
Total domestic demand 5,990,316 . 6,817,308 6,078,239 . 5,957,515 6,384,138 

Stocks of all oils: 
Crude oil and lease condensaatte 246,395 242,478 265,020 271,854 285,471 
Unfinished oils ___________~___________ 94,761 99,154 106,031 106,352 110,488 
Natural gasoline" .. ................... 4,802 6,160 6, 6,217 6,649 
Refined products ________-_____________ 611,748 658,840 695,045 741,861 701,123 
Plant condensate ................... --2-- 1,278 1,675 1,070 1,165 1,479 
Total: uu κι ĩ¾ A ⁊ĩ mD S ass 958,979 1,008,307 1,078,646 1,182,955 1,111,810 


PPreliminary (except for crude oil and lease condensate production). 


1U. S. Department of the Interior data for crude oil, unfinished oils, and plant condensate; U. S. Department of 
mere anc Federal Energy Administration data for all other imports. Imports of crude oil include some Athabasca 


d the difference between total disposition and the indicated demand for crude petroleum. 


3U. S. Department of Commerce data. 
*Produced at 


excluded. Demand data for these products for petrochemical feedstoc 


“Liquefied Gases." 
5Includes isopentane. 


roleum refineries. Demand for ethane and li 


Soks used are i 


used for petrochemical feedstocks are 
included under the items “Ethane” and 
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CRUDE PETROLEUM AND PETROLEUM PRODUCTS 


Table 4.—Supply, demand, and stocks of all oils in 1976, by PAD district 


(Thousand barrels) 
PAD District Total 
United 
I m IN IV TM ν States 
Domestic production: 
Crude oil and lease 
condensate _______ 50,858 321,953 1,967,029 240, 259 2,586,099 390,081 2,976,180 
Natural gas plant 
liqu ids 15,644 90,789 449,471 21,595 511,499 9,546 587,045 
Receipts from other 
3 P ON 1,225,830 957,560 101,122 33,957 7,558 59,419 m 
Imports: 
atural gasoline and 
plant condensate _ _ _ 2,287 14,066 218 5,624 22,145 2,263 24,4 
Ol cle 517,840 866,107 651,511 19,878 1,555,336 879,806 1,935,142 
Unfinished oĩls 7,121 16 8,750 "m 11,487 248 11, 
Refined products _ _ _ _ _ 615,001 34,336 13,382 5,888 ; 30,087 698, 
Other h ns and 
hydrogen refinery input _ 1,015 112 8,609 151 10,487 9,462 13,949 
Total new supply - 2,435,646 1,791,539 3,195,092 327,352 5,439,218 874,862 6,247,103 
Crude oil unaccounted for _ _ 1,045 34,350 6,015 1,760 43,170 -15,091 28, 
Processing gain 25,374 56,713 57,161 3,668 142,916 31, 759 174, 675 
Total supply -......- - 2,462,065 1,882,602 3,258,268 332, 780 5,625,304 891,530 6,449,857 
Change in stocks, all oils! _ . -13,944 -28,840 +25,397 +665 -16,722 -4,428 221, 145 
Total disposition of 
h/ 3 2,416,009 1,911,442 3,232,871 332,115 5,642,026 895,953 6,471,002 
Crude oil 304 2, 226 411 un) 2,941 "M 2,941 
Refined products _ _ _ _ _ 5,250 3,351 42,917 69 51,587 27,074 78,661 
eee 55 other 
districts ___________ 114,136 121,884 1,996,223 137,587 59,419 7,558 eens 
Crude oil losses 442 1,282 9.000 120 4,844 421 5,265 
Domestic demand for 
products: 
Gasoline: 
Motor gasoline _ _ _ _ _ 872,817 878,271 345,728 83,039 2,179,855 373,979 2,553,834 
Avintion Gi gasoline ___ 2,766 684 3,134 777 10,361 3,001 18,362 
Total gasoline __ _ _ 875,583 881,955 848,862 83,816 2,190,216 376,980 2,567,196 
Jet fuel: 
Naphtha-type _ _ _ _ _ _ 19,205 18,443 14,597 8,052 50,297 22,416 72,713 
Kerosine- type 113,082 54, 827 26,634 9,811 204,354 84,291 288,645 
Total jet fuel! 132,287 68,270 41,231 12,863 254,651 106,707 361,358 
Ethane (including 
ethylene) _______~- 5,203 16,321 108,147 2,531 132,202 505 132,707 
ον. gases ______ 71,295 187,611 185,064 16,487 407 856 1,263 
Keros ine 651 17,829 10,582 717 58,779 3,141 61,920 
Distillate fuel oil ο. 509,485 360,981 131,975 41,624 1,044,065 101,580 1,145,645 
Residual fuel oil _ _ _ _ 608,487 106,974 125, 730 14,836 856, 163,561 1,019,588 
Petrochemical 
f ES cn 11,401 11,902 124,212 1,009 148,524 4,9932 152,856 
Special naphthas _ _ _ _ _ 8,413 10,109 8,873 108 21,003 8,103 80,106 
Lubricants ________ _ 22,075 12,917 14,431 798 50,221 5,511 55,132 
W OS 2: 1 D ος. 1,928 1,368 2,852 175 6,323 887 7,210 
Coklee 12,123 34,109 25,451 3,036 14,119 14,872 89,091 
Asphalt 36,248 55,735 22,750 11,268 126,001 20,762 146, 763 
Road oll e 2,607 21 438 3,256 391 8,647 
Still gas for fuel 21,214 45,882 73,425 4,474 144,995 35,671 180,666 
Plant condensate _ _ _ _ _ πε 928 = Ut n 923 ud 923 
Miscellaneous 
products 10,484 17,206 17,024 209 44,923 2,541 47,464 
Total domestic 
demand 2,355,877 1,782,699 1.190,320 194, 339 5,523,235 860,900 6, 384, 135 
Stocks for all oils: 
Crude oil and lease 
condensate _______ 15,255 83,074 128,931 16,598 243,858 41,618 285,471 
Unfinished oils 15,781 23,738 41,906 2,645 84,020 26,468 110,488 
Natural gasoline and 
plant condensate _ _ _ _ 22 2,717 5,182 155 8,076 52 8,128 
Refined products __ _ _ _ 203,969 184,411 229,999 17,971 636,350 71,923 707, 723 
Total ον ο πένες 284,977 298,940 406,018 37,369 972,304 139,506 1,111,810 


1Minus sign represents withdrawal from stocks, which is added to total disposition; plus sign represents stocks 
increase, which is su fro 
*Estimated for individual districts I through IV. 


m total disposition. 
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Table 5.—Supply and disposition of crude petroleum (including lease condensate) 


in the United States 
(Thousand barrels) 
Supply and disposition 1972 1973 1974 1975 1976P 
Supply: 
uction_ ___ ð 8,455,868 3, 360,903 3, 202, 585 8,056,779 2,916,180 
h K eL s 811,185 1189996 1,269,155 1,498,181 1,985,142 
Total new supply __________________ 4,266,503 4, 544, 899 4,471,740 4,554,960 4,911,322 
Stocks changes: 
κι μασ i -17,064 -9,964 +13,758 4- 2,849 -146 
Foreign crulee9 +3,811 +6,047 +8,784 +3,485 + 14,263 
Crude oil unaccounted folk +10,201 +918 -9,084 4- 6,048 28019 
Dee Don by use: 
of domestic crude _________________ 3,478,880 3, 359,946 3,168,596 8,047,014 2,989,129 
Runs of foreign crude __________________ 806,988 1,177,808 1,260,130 1,494,412 1,921,111 
να. κ xm 187 697 1,074 2,146 2,941 
Transfers: 
Distillate ____________~___________ 944 760 774 587 540 
Residual lll 3,822 6,126 4,751 5,616 6,298 
LONE ea 4,641 4,897 4,789 4,899 5,265 
Total disposition by ue 4,289,957 4, 549,734 4,440,114 4,554,674 4,925,284 
PPreliminary iae for crude petroleum production). 
— of Mines da 


Minus represents withdrawal from stock; plus represents stock increase. 
iy ight the difference between supply and indicated demand for crude petroleum. 
Department of Commerce data. 
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Table 7.—Percentage of total U.S. crude petroleum produced, by State 


State 1972 1973 1974 1975 1976 
Tela sss ul ο ο a sus RR E 87.7 88.5 89.4 40.0 40.0 
, ο ο ο “μμ a koa: 25.8 24.7 29.0 21.8 20.4 
iel... ð Re S 2 10.0 10.0 10.1 10.5 11.0 
Oklahoma ....... . ....  .  ............. .......Ὃ.. 6.0 5.1 5.5 5.3 5.4 
U ³¹ii %¾ 8 ͥ ͥͥ 0 - 0ddddddſd νο iie eM LAE ay ef 4.0 4.2 4.4 4.4 4.5 
New Mexico __ _ 0 A] 3.2 3.0 3.1 3.1 3.1 
Alaska Z l è dd x 2.1 2.2 2.2 2.3 2.1 
Kansas `_e 2.1 2.0 1.9 1.9 2.0 
Μίρεϊβεϊρρ!...........-.....-- - -...............-...- -......... ...-..... - -.. -... 1.8 1.7 1.6 1.5 1.5 
Utah εἰ oec 1h¹ſ eL NR ³ wUſ yd d a LE ELA Ed .8 1.0 1.2 1.4 1.2 
CONE NO — c Z uuu m skay mk mt LU ως LA 9 1.1 1.2 1.2 1.8 
e ß ff. E A 5 1.0 1.1 1.4 1.5 
/ sam ⁰˙ end E e p 8 1.0 1.0 1.1 1.1 1.1 
Illinois se ee ðͤ D oe else eh ete 1.0 9 9 9 9 
ME Dakotà ο . κο ο uei ea LU > $ í id 
Chigan u d mt ß TEE RCNH i . j : i 
Arkansas ` ß e πο μον .5 .5 5 5 6 
METRE Hee m 3 3 4 4 5 
ο Be Ne te aay ðV/ã - yd ere Ae ee NCR ee, 3 3 3 3 3 
Other ee, ß . s; s) s 1.0 9 9 1.0 9 
Total c Lumu pe ³⁰¹¹¹A A 100.0 1000 100.0 100.0 100.0 
Table 8.—Well completions in the United States, by quarter! 
lst 2nd ard 4th Total 
quarter quarter quarter quarter Number Percent 
1915: 

l| ume tate ACIE 8,142 9,525 4,012 5,129 16,408 44.0 
Gas 1,782 1,469 1,984 2,345 7,580 20.4 
J pc OPI DS ο εις : 2,971 8,188 4,058 18,247 85.6 
Total i coh u Z 2 Su 2 22: 8,559 7,965 9,179 11,532 87,285 100.0 

1976: | 
«öof ³ꝛ m md R 4, 496 4,282 4,078 4,208 17,059 42.9 
Gass 2,266 2,061 2,880 2,878 9,085 22.8 
FGG eR cue ed ua xa 8,465 3,211 8,196 3,749 13,621 34.8 
Total! 10,227 9,554 9,649 10,335 39,765 100.0 


1Excludes service wells. Data by quarters adjusted to agree with annual totals. 
*Includes condensate wells. 


Source: American Petroleum Institute. 
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Table 9.—Well completions in the United States, by State and district: 
-- 1915 1976 
State and district - 
Oil Gas? Dry Total Oil Gas? Dry Total 
Alabama ______________ 20 26 64 110 29 36 68 133 
Alaska ___ 44 4 15 63 50 1 11 62 
Arizona = E 2 2 — 8 a 8 
Arkansasss _ _ _ _ _ _ _ 147 23 151 321 217 45 168 430 
California 1,854 46 304 2,204 1,833 16 289 2,198 
Colorado ______________ 328 300 563 1,191 415 178 1,047 
Florida 15 T 31 46 11 ΚΗ 19 30 
Georgia EE ἘΠῊΝ 9 89 PH = 4 4 
Idao τοῖς, V =: 1 1 NN WE 2 2 
Illinois 460 5 491 956 759 12 542 1.313 
m 188. _ 145 17 211 373 191 23 271 485 
OWa_——-—----——---—-— m M a M 2 ned Mun ΚΗ 
ENTER ͤ AE AA 1,094 438 1,521 3,059 1,473 540 1,694 8,707 
Kentucky // 304 123 491 918 381 151 1,073 
Louisiana: 
North .—------ οκ ώς 402 419 419 1,228 454 808 454 1,716 
South 373 220 569 1,162 294 211 535 1,040 
Offshore 181 182 283 646 200 239 230 
Total Louisiana 956 815 1.265 3,036 948 1,258 1,219 8,425 
Maryland _____________ NS EN 1 1 ds 2 d 2 
Michigan -. -. -. -.-. -. 169 38 314 516 118 64 316 498 
Mississippi !!! ον κ... 83 31 337 451 108 44 315 461 
Missouri ..................... 6 1 15 22 6 7 10 23 
Montana ______________ 100 219 531 910 91 190 391 612 
Nebraska 74 1 263 338 87 2 233 322 
Nevada ______________ _ me uo 4 4 — TUN 7 7 
New Mexico 
t μμ 8 71 857 72 500 89 236 78 853 
J) 8 366 160 187 713 363 114 153 630 
Total New Mexico 481 517 259 1,213 402 350 231 983 
New York ____________~_ 142 236 16 394 133 455 67 555 
North Carolina aie = 2 2 M -- Et Ew 
North Dakota 69 = 188 207 98 ses 141 284 
Ohio o 550 555 115 1,220 640 1,121 158 1,919 
Oklahoma ____________~_— 1,743 688 1,265 8,646 1,991 790 1,435 4,216 
Pennsylvania 691 640 68 1.399 651 565 46 1.262 
uth TTT 5 ΕΠΕ 19 24 4 BER 28 
Tennessee: 46 38 119 203 47 38 130 215 
Texas: 
District o! 499 109 217 825 681 149 291 1,067 
District 02 ~._________ 108 323 347 178 101 327 323 151 
District q) 378 213 392 983 246 283 446 975 
District 4a 187 409 385 981 154 471 387 1,012 
District bd 40 25 91 156 61 45 71 1 
District bob 152 70 148 870 162 104 124 
District 588 570 221 686 1,483 541 261 159 1,561 
District 07C Oo 516 298 314 1,123 422 300 363 1, 
District 8 1,493 150 201 1,844 1,427 147 267 1,841 
District 08A __________ 931 16 243 1,190 687 38 248 97 
District 09 _——_—_——----—-—- 982 84 528 1,594 1,061 124 648 1,833 
District 10 __ _ 218 204 165 587 233 179 107 519 
Offshore == 12 160 172 8 15 208 226 
Total Texas 6,074 2,135 8,877 12,086 5,779 2,443 4,188 12,410 
Miren 1 3 1 * 1... 
irginia l5 20 n un 
Washington NA — MEN e eR = s: 9 3 
West Virginia 120 556 115 791 124 699 85 908 
Wyoming. ------------- 620 78 565 1.263 416 80 470 966 
Gulf of Mexico, northern? A i 32 32 αλ. ο 80 30 
Total United States 16,408 7,580 13,247 37,235 17,059 9,085 13,621 39,765 
1Excludes service wells. 
*Includes condensate wells. 


Gulf of Mexico, northern is a new area designated by the B 


Ppl, 


Source American Petroleum Institute. 


and 


Florida. 


ureau of Land Management for federally controlled Outer 
Continental Shelf (OCS) waters not previously mapped or leased. The area covers Gulf of Mexico 6880 waters off the 
States of Texas, Louisiana, Mississippi 
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Table 10.—Producing oil wells in the United States and average production 


per well per day, i by State 
1975 1976 
Approxim- Ave Approxim- 
rage Ave 
State A production ate Production 
number of number of 
: per well : per well 
οὶ, πω cll, er Sy 
ucing producing 
Dec. 31 le) Dec. 31 barrels) 
Alabama ___ σας πο Ea 608 62.1 64.8 
Alaska; cce ERE mec LE LC LEE 205 9471.2 181 897.5 
πρι ιμπν ͤ cit Lee eA LL 28 65.7 21 51.6 
ũ½!! Se uui rule dr I ee aue 7,308 6.1 1,529 6.7 
California: 
h VTÄAAꝛAA—AAA 8 8,758 38.1 9,230 33.2 
Central coastal ___________________________ 6,108 33.0 5,910 81.8 
East centra!lll J 26,095 13.4 27, 325 14.4 
E ͥͥͥͥ‚‚‚ mu E ͤ . 8 19.4 69 16.6 
Total or average California 41,029 21.7 42,534 21.8 
Colorüdo — — ³oW ⁰⁰⁰y ⁵⁵ tA eee 2,450 45.1 2,821 40.4 
M n ouem ⁰ r. mm 888 143 822.4 143 849.5 
I1;ö;Äð:yw2m ⁵ ́]Um A y . c 23,873 3.0 23,527 3.1 
f donec 8 4,798 2.8 4,891 2.6 
Kanis — ——...-- ³⅛³QAĩ a mr ας RA 41,945 3.9 42,240 3.8 
Kentucky ĩ˙]An et Recien 13,905 1.5 13,970 1.5 
Loui 
Gull coast 220.2 ß λα αρένα LC 212,535 132.4 12,564 123.7 
M ↄ ˙⁰¹Aqàſ²⁰A— A A Le 215,199 6.7 13,710 2 
Total or average Louisiana... -..-. -.-.-..-. -..-..-..-. 321,134 64.0 26,214 61.4 
Michigan meu esent ed so 3,655 17.0 8,710 224 
Ü - ---- x a 8886 22,237 56.9 2,212 56.6 
Lani RSEN ο ο 8 3,247 28.3 8,309 27.4 
CCG ⁰owꝛꝛAAAſA ⁰ ... eee ac e 1,190 14.5 1,291 19.6 
New Mexico: 
Southeastern ______________________ ee 12,625 19.5 12,808 18.5 
Northwestern ____________________________ J 16.8 1,131 14.8 
Total or average New Mexico 18,115 19.8 13,939 18.2 
New YOUR oo oe eee ⁊ . eee 24, 975 0.5 5,100 0.5 
North Dakota ........... -........ - -...... -.-.-. „„ 1,994 32.2 1,568 83.3 
Ohio 5 . Ae E 16,611 1.6 16,761 1.6 
Ar“ 71,576 6.2 72,543 6.1 
Pe ill.: 8 32,095 0.3 28, 805 0.3 
South „ ⁵ P Mu eee AA 38 87.5 43 80.2 
ns s s E P H S s; e s ee ee 172 11.5 215 8.4 
Texas: 
District OF 2 ß ου ee 10,546 4.8 11,138 5.4 
District 02 — ß ya eS ee cot 4,544 41.2 4,381 40.7 
District 08 — nouum my ee Ye c. 9,564 41.2 9, 414 
District 04. o unc ß 1,097 17.2 6,170 17.2 
District 05... L oie es ee cres 2,578 21.6 2,543 20.6 

istrict 06, except East Texas __.________________ 4,961 44.6 5,017 42.1 
East Texas ß s sss s s s s s l l 12,902 14.5 12,612 14.5 
Distrect UB. S ⅛˙’˙. ˙ͤ dùd iii 10,336 9.4 10,629 8.1 
District OC... _ 2222222222 22222222 1,564 14.3 ,023 18.2 
District 08 ³⁰ 36,337 19.0 85,969 19.0 
District 08A _—--—--------------—--—---—--———— 18,116 56.9 18,089 54.1 
District | el ß Led recte 24,419 4.3 24,928 4.1 
District 10... unns t 11,644 4.9 11,824 4.8 

Total or average Texas . ___________-______- 160,603 20.9 160,546 20.2 

Utüh u uz so ꝛ E eL IE 1 96.6 1,188 14.7 
West Virginia ——————— 213,750 0.5 13, 800 0.5 
WYOMING 2o y ka 29,450 41.1 9,052 89.6 
Other States: 

ο u au T σα μη 163 1.0 178 1.0 
Nevada: uuu Tu ZZ ee is A SSS 42.0 12 43.4 
hir MORENO yy x e ha 1.6 7 1.2 

Total or averagle kk 176 2.8 192 8.1 

Total or average United States 500,333 16.8 499,110 16.3 


Based on the average number of wells during the year. 
Egtimated by Bureau of Mines; all other data for producing oil wells furnished by State agencies. 
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Table 11.—Production and reserves of crude petroleum in leading fields in the 


United States 
(Thousand barrels) 
Production 
Total I 
Field! State since Estimated 
1975 1976 ἀοονουγ' 
Wasson oc σα δι ος ρα Texas ------------ 98,768 91,226 1,064,112 444,464 
Kelly-Snyder ......... -------- „% πως 72,706 67,844 845 449,655 
EXER Oo occu e eL eue 0 ea et 68731 67,094 4377540 1,622,460 
EMPAT ο 8 California ; 60,200 ,807,539 610,000 
laughter Bc ate Se y Te aas 46,250 43, 699 354 814,111 
777A JJC οήννα 40,750 40,446 616,893 1 
Midway Sunset |... -..--..------------ ifornia --—------—- 87,080 38,317 1909049 ᾿ 
JJC! eL ru ione ος Florida 83,825 35, 997 145,145 91 
cArthur River ___ --2- Alaska 41,132 35,174 829,391 178,000 
Sho- Vel rut Oklahoma _________ 82,600 31,465 1,066,521 238,479 
Eugene Island Block 330... Louisiana __________ 27,908 31,192 99,583 181,659 
Kern River - ... . ...- .-------.--.-----.---- California 27, 712 ; 692,876 760, 
Hastings, East and West ................. C 21,986 27,512 558,439 197,764 
J. A ο o D ο δυο τος 18.098 476 651,015 948, 
Seminole All _ . ...-.-.-..-..--. ENEE: 23.929 26,514 269,790 189,210 
ο E Εως u 8 a lud A ANE 25,075 ; 463,191 176,767 
Tom O'Connor 0 E EENE 24,770 24,996 546,176 1 
Bay Marchand Block 222 Louisiana 22,416 21,914 418,864 176,186 
S δα i LL Texas ιτ ο Zo 21,875 21,091 583,125 158,875 
(a m tM ee ER Colorado 481 656 554, 765 158,512 
8 ΣΤΥ Trend .....................-..- Texas .........--- 18,611 18,108 416,352 93,648 
est Delta Block ao Louisiana 17,731 16,768 846,961 108,089 
Greater Altamont-Bluebell __ _ _ _ _ _ _ .. Utah__ 3n 22115 16,882 85,595 808,618 
Cowden, South (Foster, Johnson) Texas = 2 16,010 16,290 831,913 68,087 
Levelland dd CC ; 15,767 262,105 5 
Goldsmith All ________________ __ „„ ια ο open 16,475 15,705 610,838 164,162 
Cowden Nort n zog 00 16419 15,666 
ire Abo _________________ et New Mexico à 15,304 141.700 58,800 
Van and Van Shallow bzb Texas .....-.-.....-.---.-ο---- 15,978 15,251 450,613 
untington Beach California 17,234 14,991 955,955 120,000 
Grand Isle Block 4333 Louisiana 17,592 14,181 96, 174,080 
Thompson Alilll]!!V!!!!k! Tena 15,294 13,840 398, 705 101,295 
J ͤ KV o ag = e Lu ecc 12114 18,078 429,078 
τω ο 8 California 18,828 18,040 801,093 f 
West Nun end Texas ................... . -. 18,8834 12,687 70,117 
ou Island __ _ -.---------------- Louisiana 14,085 12, 479 543,412 178,486 
Mo eae arate it Gnd sa Wyoming 11.305 112,871 
οι ποιο 8 California 18697 1 128,205 x 
Salt Creek Texas ____________ 11726 1 150,623 79,877 
vacuum New Mexico 12,519 11,822 100,678 
ασ ο κ cares oat pos ifornia _..._____ T 295,800 1000000 
Cogdell Are Teaas s 13,163 11,11 212,255 107,745 
πανω 8 C00 a 11410 11,168 1,806,218 108,782 
Belridge Soul California 9,347 10, 15,096 110,000 
ατα ος c ο ee FFC 11.286 10,841 815,474 
South Pass Block 2414144 isiana __ _ _ ..- -. _ - _ 12868 10,746 895, 94,910 
South Pass Block 11(õ(Wů . 0 T 3,019 9,918 20,925 81, 
West Delta Block 5BVBʒ8Vʒꝰ7i 3000 2i 9,026 9,636 56,153 148,247 
Sooner Trend . ....... _ -- Oklahoma .......-- 9,140 9,550 218,104 45 
Middle Ground Shoal ...........--  Aleska.........--- 8,584 8988 105,816 80,000 
Bell oe ee Montana 8,615 — 8,753 86, 80,236 
Fairway ___ . σι Lu S oo 11,214 8,675 143,592 69, 
Grand Isle Block 16 Louisiana 11,877 8,200 230, 629 119,871 
Greater Aneth __ LL Utah 2 oki ] 8,302 3, 177 276, 702 89 
West Delta Block 78 Louisiana 8,268 3, 085 144,522 180,478 
ton-Irish c ee πως, Texas ............--.-.-.---. 7,416 17,881 88,974 
Swanson River Alaska 8.678 7, 736 170,835 2 
Fullerton All ....-΄--------------- Te aas 7.127 7, 442 252,986 188.481 
Basin r enc Montana _ _ _ _ Wyoming 8,007 1,407 464,160 79,240 
Ship Shoal Block 208... -- Louisiana 8,861 7,878 108,245 116,755 
oward Glasscock ___ -... -- -.-.-- -.-- κος c c ee 6,979 tT 66, 
South Pass Block 65 -..........---.------- Louisiana 8,471 7,114 61.778 128 
xul ecu 6 Wyoming 9,839 ,04 559, 60,144 
Fields under 7 million barrels not shown for current year. 
*Includes revisions, if any. 


Source: Oil and Gas Journal. All figures are preliminary. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS 1011 


Table 12, —Estimates of proved crude oil reserves in the United States on December 31, 


by State! 
(Million barrels) 
State 1972 1973 1974 1975 1976 
Eastern States: 
en,, ß . 175 152 160 161 155 
Indiana ~- 21 24 22 
Kentucky .........-..............΄.΄---.-.--.-.-............. 48 40 87 89 88 
IgE ce c on uL 8 62 72 82 93 139 
New York ³ A iom. e ei co ioc 11 10 
ο ο ο οι Iya κο SA ες 127 125 124 121 125 
Pe !ĩ·¹ ος LE ⁵ 8 40 50 51 
West Virginia __________________________ 34 32 32 32 30 
Total. ος ος AAA a a sus 521 496 520 526 569 
Central and southern States: 
τς ος το ο ο ι-- 51 54 69 61 53 
Arkansas . ---—--------—------ 113 106 106 96 93 
Florida. „ 184 808 263 250 
)Jüããöſͥ0ꝗ0ꝗ³—0t m t E E EE 453 401 395 364 362 
Louisiana 5,029 4,577 4,221 8,827 8,471 
Mississippi . s s ss s E E s s E s s s 813 291 261 231 14 
Nebraska __ 31 28 28 31 
New Mexico ___________________________ 643 625 588 536 
ο E APE E ⁵ði 166 179 178 158 150 
Oklahoma ______________________ ....... 1,303 1,271 1,282 1,240 1,187 
ο Ετος ο (0ĩ d 8 12,144 11,757 11,002 10,080 
Toto s eee μάς a τις 20,400 19,491 18,420 16,986 15,578 
Mountain States 
ohr 326 305 289 276 252 
G7» cu e u Pu E 241 219 207 164 
Utah | o 8 244 264 251 208 183 
Wyominag z S l SS uu u eee 950 917 903 877 828 
Total. i ͥ ͥ] / ]¹Ü¹m u l. 1,761 1,705 1,650 1,525 1,416 
Pacific coast States: l 
1171717 c ( m Á— HE μα 10,096 10,112 10,094 10,087 9,786 
California? ____________________________ 9,554 8,488 8,557 8,648 8,590 
PST ¹·¹·¹iw•d. ·· ¹eLw eee ted 1 18,650 13,600 13,651 18,685 18,376 
Other Stats 7 8 9 10 8 
Total United States 36,339 85,300 84,250 82,682 30,942 


1From reports of Committee of Petroleum Reserves, American Petroleum Institute. Included are estimated quantities 
known reservoirs under existing economic and operating conditions. 

Ancludes offshore reserves. 

Includes Arizona, Missouri, Nevada, South Dakota, Tennessee, and Virginia. 
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Table 13.—Refinery receipts of domestic 


(Thousand 
Total Interstate 
Location of refineries NE ο — ο 75 
receiving crude oil tic receipts trict I, III., Ky. Nebr., 
crude Total Ind,  Kans. Ohio, N.Dak  Okla. Total 
oil Mich. Tenn. S.Dak. 
District I: 
Delaware and 
E . 5 2, 060 Sa 448 t P i PE EN ΚΡ 
ori rgia, 
inia __ _ 812 20 ΕΤΕ ο. n M gs E = 
New Jersey 9,864 dom 1,878 zc m m 
New Vork 17,530 τίς. _. $3,853 ink c -- 811 4,164 
Pennsylvania 
Eat 9,238 - 149 ΜῊΝ — NS 
West eR A 15,909 3,278 1,041 1,405 775 6,226 EN 959 9,365 
West Virginia 6,061 2,476 MEE E -- 8,585 SZ d 9,585 
Totali 61,414 5,114 8,011 5,258 775 9,811 _. 12170 17,114 
District II: 
Illinois .......... _ _ _ __ 243,892 15.369 247 Sa 719 -— 1,858 20,944 23,516 
Indiana 141,545 1,988 255 2924 3,987 809 6024 16,644 30,888 
5 E TE 129010 54,877 ENS ΕΓ s ate 794 21,321 22,115 
Kentucky and 
Tennessee 39,221 3,526 4547 1,251 TH 611 m 61 7,928 
Michigan __________~_ 34,327 22, 123 em 87 Ex e Ll AER 87 
Minnesota and 
Wisconsin n 26,884 ΚΗ pM ze ΚΕ -. 7,097 1,976 9,078 
Missouri and 
Nebraska ........— 82,058 66 m OR Ἕν SR T2 1,221 1,299 
North Dakota 15,647 14,362 Les a ES xs n Du xum 
Ohio: 
Eat 6,908 64 a! 671 ea T EE -- 671 
Wet 120, 693 85 303 10,599 --- nee .. ae 10,599 
Oklahoma .........- 165,083 116,012 E -. 1,736 NS EN ts 1,786 
G 955,268 228, 322 5,852 21,532 6,442 1,420 15,840 62, 173 107, 407 
District III . 
Alabama ..........-.-. -.-...-. 26,888 8,062 16,252 = = M 485 CT p 485 
Arkansas 20,065 14,403 a pare ZAR ΕΝ ειν PC ave 
Louisiana 465,607 405 15,988 ENS m o e 1 1 
ppl owe 55,925 15,695 368 e ous Ss Sas tes aon 
New Mexico 29,892 29,332 s: Sa NN => 2 es e -- 
Texas -----------—- 851,712 727,736 2,921 — 1,280 ο. — 1214 8,444 
Total ----------- 1,450,084 1,154,633 35,529 — 1290 485 _. 7215 8,930 
Di t ict IV G - cc: c wsosowoa=sws=G : 0 : 0 (0 1 0 ws s KS C AN ML MC QN C σος 
Coloraddooo 17,982 1,526 =e ux = τις εντ «κα e 
ontana ___________ 27,134 10,067 2E "M WM A 5 S b 
5 Te ses 44, 18,419 ae Sa ΒΜ = "e 2h o 
Wyoming 53,159 51,816 ae A POA ΒΝ pee = ΚΗ 
Total __ μάς 143,123 87,828 s ἘΝ ut ΚΠ 5 ue 5 
District V 
California 352,743 308, 538 ΕΞ S rus ER ΕΠΕ -- ἝΝ 
Other States 27,123 19,804 Po 2 ΕΠΕ EM — — = 
Total 879,866 328,342 ae ERN RM imis e σι. = 
Total United 
tes 2,989,815 1,804,898 144,892 26,790 8,447 11,716 15,845 70,658 183,456 
Daily average 8,169 4,931 123 79 23 32 43 193 864 


Florida, 48,786; New York, 1,028; West Virginia, 78. 
2 Alaska, 42,654; California, 2,886; Nevada, 123; Arizona, 45. 
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crude oil in 1976, by State and PAD district 
barrels) 
receipts from 
District III District IV Total 
Dis- inter- 
re πὰ N. τ Total w 5 
τ Μος. ex ota Colo. Mont. Utah yo. Total total receipts 
M ενος aes 1,612 1,612 ence Ss s% Επ EM ETE 2,060 
705 87 PE ο 792 en ae =e EN __ a= 792 
ΕΝ 1,586 zi 6,905 8,491 EN ove ΚΝ bf -- TUR 9,864 
Ec 6,154 =s 7,060 13,214 κο ον ae 152 152 es 17,530 
193 .526 -- 8,370 9,089 αἱ EE TM oye 2n xum 9,238 
= 911 we 904 1,815 TM 368 a 42 410 Lc 12,631 
T ΕΝ cem -- wee zx — e E 88 ES 585 
898 9,264 -— 24,51 35,013 m 368 NE 194 562 ER 55,700 
2,953 38, 633 25, 116,201 183,475 1,089 1,113 1086 11,397 21,285 n 228,523 
_. 14,683 12,195 58,835 35, 663 630 1,422 —— 15,849 28,901 ae 140 
ἘΝ 612 -— 28,898 29,510 8,515 53 17,945 448 8 74, 133 
212 16,942 — 5,187 2234 -- __ z 884 884 iu 35,695 
— 93,347 __ 199 3,540 a M .. 857 8,577 na 
... 100 -. 15,682 15.782 — 9029 NE — 2,029 zs 26,884 
a -. 2404 2605 28,69 15 1,268 ΠΝ 941 2,224 des 31,992 
E "e ALS Ἢ UN -- 1,285 ΚΕ "n 1,285 PUE 285 
— 4,391 — 1164 6,155 E a M 18 18 m 6,844 
4,106 43,928 1,765 55,878 105,677 dH 225 _— 8,804 4029 120,608 
Ns 44 1,066 43,959 46,169 311 ΚΘ 155 _— 1066 ae 48,571 
7,271 122,690 43,818 352,662 526,441 5,560 20,877 1,894 59,415 87,746 = 126,946 
7,085 "e = ΕΡΤ 7,085 PN € κ M E. σα 23,822 
PNE 956 Tm 4,106 5,662 Ἔν -- ο en = a 5,662 
11,586 . — 138,627 85,213 N PH n ae es <> 101,202 
_. $9,862 ΚΕΝ — 39,862 --- ae ER = d icr 230 
ἐπα — 1 265 251 522 87 
15,505 77,770 13,599 _. 106,874 1,486 == 3,251 Ms 4,181 icm 128,976 
34,177 118,588 13,599 178,833 244,697 1,751 πο 3,508 POS 5,259 87 295,452 
-- e ae 2 zt E 83 3,087 1,936 10,456 ος 10,456 
ae 2E ΚΠ ἘΝ Ee SeA "A — 11062 17,062 "E 17,061 
com T ΚΕ 91 91 18,512 m" = 2: 7,818 330 26,429 
a es dcs A T 1,214 26 108 PEN 1,843 TES ; 
ΕΕ να "T 91 91 19,726 109 3,140 32,216 55, 191 8 55,295 
d ides -- ο MN 140 8 5,792 iam 5,932 38,218 44,205 
ae e =e E m -— 1 418 = 47 ^ 7,819 
T" EE ed MN M 140 1 6,270 "— 6,411 45,113 51.524 
42,346 250,542 57,417 455,987 806,242 27,177 21,355 14,812 91,825 155,169 45,158 1, 184,917 
116 157 1.246 2,204 7 58 40 251 123 9 
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Table 14.—Supply, demand, and stocks change of refined products, in 1976 


(Thousand barrels per day) 
PAD district United 
I I III IV I-IV V States 
Su 
Tere ο ας σσ ο τος 1,700 8,761 5,832 459 11,748 2,166 13,914 
ier err auia output 43 248 1,228 58 1,577 21 1,604 
oil reruns ...........-. -...- _ _ _ _ -45 -1 41 -7 -12 -8 -20 
9 ns and crude | 
SEHR ος σι ο ολα 8 4 29 1 37 20 57 
Receipts | non other districts: 

District I _-..-_-______________ m 197 I Et z N == 
District Il... _ 2 72 cae 127 64 ne ann ni 
District Ill 3,131 701 m 11 i. 76 D 
District 1CCUbUUb s 26 ολ. Lu 68 TH 
District Mu ae = 2 18 20 EN ἘΠ 
Imports 1,707 132 48 32 1,919 89 2,008 
Total new suppllß / _ 6,611 5,064 7,315 636 15,289 2,438 17,563 
Stock change!!! -37 -79 +25 +3 -88 -8 -96 
Total supply --------------—- 6,648 5,143 7,290 633 15,877 2,446 17,659 
οι πο ακομα αμα ων. 14 9 118 PR 141 74 215 

ια] to other districts: 
2 μπα E 72 8,131 Een m S ENT 
Il E ee s 197 -- 7 26 E e NE ΚΝ 
District Ill bos 127 8 8 25 s 
District CUbVWWW AS 64 11 πα = 18 zak 
District V T -- απο. 76 68 144 Ee e 
Domestic product demand ___________~_ 6,487 4,871 3,253 531 15,092 2,352 17,444 


Plus sign represents a stock increase, which is subtracted from total new supply; minus represents a stocks 
decrease, which is added to total new supply. μα 
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Table 16.—Supply and distribution of crude oil, in 1976 


(Thousand barrels per day) 
PAD district United 
I II III IV Hv V States 
Crude oil supply: 
Domestic Μι including 
lease condensattt,! -. -. -.. 199 896 5,874 657 7,066 1,066 8,132 
Receipts from other districts: 

Τον μασ ώμο ΚΗ 15 100 ΕΗ m mds -- 
e ß aa 47 "s 24 ies τος. — s 
District ll] uu mE 96 1,488 EY aes T Σω x 
District IV ............----------------------- 1 240 15 = P 17 man 
District, ...΄----------------------------------- ae oe zs S Ls τα NS: 

Importg_____ ο ώς ene Lus ie 1415 1,000 1,780 54 4249 1,088 5,281 
Total new supply 7777 168 3,589 17,298 711 11,315 2,121 18,419 
Stocks change! _______________________ -2 = +44 ae +42 -4 +88 
Total supply ....---------------------------------- 1100 3,589 7,249 711 112273 2, 125 18,881 
Crude oil distribution: 
Crude runs to still!. 1,586 3,600 5.717 441 11.344 2,072 19,416 
Transfers to products ..... _ ~~ - Loa 2 6 1 9 10 19 
Shipments to other districts: 
Distrito St aae — 47 96 1 "ES Lo RS 

istrict Uo . 15 — 1.438 240 SM οι n 
District III |... 22-2 222-2 ------ 100 EM 15 SM EN ΗΕ 
District IV c . S me o en S5 D DN E 

iret V. Lo . SL SSS m en ο 17 17 2a — 

Exports oo soe eo Clee v ue uem 1 6 1 dies 8 a 8 
"qoM ENTE 1 4 8 x 18 14 
Crude οἱ] unaccounted for . _ _ _ _ _ 8 94 17 4 118 -42 76 


1plus represents a stock increase, which is subtracted from total supply; minus sign represents a stock decrease, 
which is 2446 to total new supply. 
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Table 18.—Input and output of petroleum products at refineries in the United States 
(Thousand barrels) 
1972 1973 1974 1975 1976P 
INPUT 
Crude petroleum 
Domestic o a ͤ ee 3,478,880 8,359,946 8,168,596 8,047,014 2,989,129 
Foreign? 806,983 1. 177, 308 1,260,130 1,494,412 1,921,111 
Total crude petroleum ........--------------- 4,280,868 4, 587,254 4,428,126 4,541,426 4,910,240 
oils rerun (nee:ʒ7J!l j! +51,518 + 45,768 + 87,351 + 12,664 +7,599 
Total crude and unfinished 
7777;;;;öÜ; o eL iL Dec 4,832,881 4, 583,022 4,466,077 4,554,090 4,917,889 
Natural gas liquids: 
Liquefied petroleum gases 85,193 80,221 80,217 89,662 95,260 
Natural gasoline ~__________________ 164,062 160,350 147, 34,087 182,820 
Plant condenaate -- ,190 56,911 : 35,570 37,871 
Total natural gas liquid 302,445 291,482 212,16 259,319 265,451 
Other hydrocarbons and hydrogen? _________ 10,118 10,716 13,057 13,779 13,949 
OUTPUT š 
Gasoline: 
Motor gasoline? eee 2,298,775 2.882.418 2,320,488 2,378,960 2,502,711 
Aviation gasoline ___________________ 16,998 16,418 15,895 13,718 13,882 
Total gasoline? __________________ 2,315,768 . 2,898,831 2,836,883 2,392,678 2,516,043 
Jet fuel: 
Naphtha-typenmÖ!nö 76,565 65,997 71,175 65,620 68,472 
Kerosine- tte 233,464 247,692 283,889 252,861 267,374 
Total jet fuel’ _.§__§_______________ 310,029 313,689 305,064 817,981 835,846 
Ethane (including ethylene h 9,197 9,194 i Í A 
iquefied refine 
p fuel use _ id = 1 8 84,514 89,570 81,561 80,514 
For chemical use ___________________ a 88,062 499 28,819 34,706 
Total liquefied refinery ga 121,182 127,632 116,994 109,333 118,929 
Kerosine? ________________________ 79,027 19,422 56,646 55,495 55,591 
Distillate fuel oii8d2ds2ds8sdsd 962,405 1,029, 343 973,764 968,436 1,070,082 
Residual fuel oĩiiiiijij2j 292,51 854, 890,491 450,957 503,953 
e feedstocks 
ο νο eT RGR EE E w m 14,678 12,428 14,875 15,723 17,448 
Naphtha 400 ο κα κο) AERIS RAMS 51, 51,155 62,568 54,770 80,098 
JJ ⅛ð VV μες 52,321 62,981 57,821 51,694 66,879 
Total petrochemical feedstocks .______ .. 124,026 132,564 184,764 122,187 164,420 
Special naphthas® . _ _ _ _ _ _ 22 l2-- ,096 82,873 83,962 21,200 82,618 
Lubricants 2. 6 nec ες λος 65,349 68,742 70,694 56,221 61,808 
Wax (280 pounds = 1 barrel) 6,148 6,768 6,929 5,665 ,008 
Coke (1 short ton = 5.0 barrelass _ _ .- - .. 119,765 1 123,746 29,24 130,145 
Asphalt (1 short ton = 5.5 barrel) ,294 167,884 1 143,957 139,706 
F ³oͤ“ꝛA y L S 7,943 826 7,162 , 8,240 
Still gas for fue! 170,993 176,758 175,724 175,351 180,666 
Miscellaneous 15,864 18,795 24,515 81,269 46,275 
Processing gain () or loss (+) _ __ _ -142,161 -165,488 -175, 255 -167, 782 -174,675 


1Includes some Athabasca hydrocarbo 


gini, shale ci e oil, debui 


*Production at gas-processing plants shown as direct transfers and omitted from the input and output at refineries. 
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Table 19.—Percentage yields of refined petroleum products from crude oil in 


the United States! 
Finished products 1972 
lo MUR NEHME qu PT PET 46.2 
Jet 115 cluding ethylene) πε ο πι η NA ο αλ κος TN UE πώ NET Mes E 
Ethane (including ethylene) .. _ „„ . 
Liquefied gase 2s 2.8 
7! Ss c μμ S ⁰⁰⁰ ⁰mm. 1.8 
Distillate fuel oil _ ~~ ___ LLL 22.2 
Residual fuel οἱ |... -.....--.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 6.8 
um ο ο c τν. ss K 
ph! eem eium Ea eee : 
ΙαιὈτϊσαπία........................................................................ 1.5 
WE mr ͤ ↄ̃ a e TEE ERE ĩ 7 8 1 
Ped J ο το ο ο ο ωρα. 36 
ze. c en eas PN 2 
ΗΝ... . i ο πο οσα 9.9 
Miscellaneous _________________~___~___ -...-. -.-.-.. -. 4 
)))))õĩ ] ]iirðx ο 8 -3.3 
„ ccc aa h a a 100.0 
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lOther unfinished oils added to crude in computing yields. 
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Table 21.—Input and output at refineries 


(Thousand 
District II 
Item Appa- Appa- Ind., Minn., Okla., 
East lacan Total lachian Ii, Wisc, Kans, Total 
No.1 No.2 etc. etc. etc. 
Input 1975 
Crude petroleum: 
Domestic ο ο ĩᷣͤ E πε 31,968 28677 60,645 8,304 600,205 23,065 331,051 962,625 
Foreign!!! 424.287 28,871 458,158 12598 195,369 68,982 11,033 282,921 
Total crude petroleum ..... 456,255 57,548 513,808 20,897 795,574 86,997 342,084 1,245,562 
Unfinished oils rerun (net 19,055 295 19,350 474 -1,754 -48 -341 -1,699 
Total crude and 
unfinished oils rerun _ _ _ _ _ 475,310 57,843 533,153 21371 793,820 86949 341743 1,248,888 
Natural liquids: 
Liquefied petro eum gases ____ 93 71 164 798 17,818 3,182 12,240 83,533 
Natural gasoline |... ........... 214 TEN 214 DN 4,922 3,085 11,896 19,908 
Plant condensate FF 131 2,909 3.040 = 7,844 — 2,611 560 11,015 
Total natural gas liquids _ _ _ _ 488 2,980 8,418 798 80,084 8878 24,696 64,451 
Other hydrocarbons and 
hydrogen 994 ER 994 ΚΠ 766 14 212 992 
Output 1975 
Gasoline: 
Motor gasoline? |... 225,079 22,943 248,022 12,506 459,883 52,260 207,435 132,084 
Aviation gasoline _________~— 110 6 116 a 1,460 E 866 1,826 
Total gasoline? __________ 225,189 22,949 248,188 12506 461,848 52,260 207,801 788,910 
Jet fuel: 
Naphtha-typf¶e 1,922 522 2,444 ME 6,762 1,257 6,064 14,083 
pushtu 227270. un s 13,099 527 13, 626 an 86,689 1,804 9,263 47, 706 
jet fu 15,021 1.049 16, 070 ΝΕ 49,401 3,061 15,327 61,789 
duds ne uding ethylene) _ _ _ _ _ 40 z 40 NS ct SS 852 852 
Liquefied gases: 
For 1 üj ο ο ως ρώτα 10,996 964 11,360 877 15,190 1,977 6,034 23,578 
For chemical uses 8, 44 4,036 ae 2,960 are 635 8,595 
Total liquefied gases 14,388 1,008 15,896 877 18,150 1,977 6,669 27,178 
Kerosine? ___ 3,501 1,688 5,189 626 11,810 234 1,035 13,705 
Distillate fuel oil* |... .... .... 105,608 15,861 120,964 5242 168,318 22906 88, 376 284,897 
Residual fuel oli 61,962 6,272 68,234 1,700 50723 6852 10,415 69,690 
Petrochemical feedstocks: ENCEINTE ME M ⁊ͤ ο ο... 
DNO IO ( 586 174 760 i 1,302 59 un 1,361 
Naphtha-i10o! „ 5,602 M 5,602 EE 2,865 a 8,528 
Rol 8 -- 1,694 SUR 141 1, 
Total hemical 
κος 37 EEE 6.395 408 6,798 τὸ 5,861 59 804 6,724 
Special naphthas*? ....... ....... 163 142 305 150 3,689 Ew 2,170 6,009 
Lubricants: 
Bright stock 582 1,414 1,996 er 1 TON 
Neutral 092 2,654 4,146 = 2,193 S 2,583 4, 776 
Other grades 2,701 288 2,984 ἜΣ 1,298 ges 1,639 2, 
Total lube οἱ] ............ -. ---.-. 5,375 4,351 9,726 E 3,657 Et 4,180 8,887 
Wax (280 pounds = lbarrel): 
apud 341 2 %% — A3 -- m 409 
5 s m 337 -- 8 — 302 691 
Total ans 343 560 903 ae 308 985 
Coke (1 short ton=5.0 barrels) ) 13,306 257 13, 563 23,998 3,059 11,606 88,914 
Asphalt (1 short ton =5.5 barrels) .. _ 26, 695 1,886 28,581 1,401 29,864 5,120 13, 619 004 
Road oil -...------------------------ = τις, πο A 2,432 509 8,024 
Still SH ME = fuel ------------- 18,623 1,674 20, 197 441 82,089 2,594 12,844 41,418 
πι πανε σα E 2,17 : 5,715 41 5,039 984 6,176 
Posi eal gain (2 or loss () _ _ _ _ -22, -265 -22,304 -579 235,965 -2,470 -11,075 -50,079 


See footnotes at end of table. 
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in the United States, by PAD district 


barrels) 
District III District IV Distric V 
United 
inlan inland, N. Mex Total Rocky 
d gulf gulf etc. Mt.) 
152,375 152,994 498,068 55,908 29,039 1,488,379 139,003 396,362 8,047,014 
5,258 299,739 125,781 671 — 431,449 16,392 310,486 1,494,412 


157,633 1,052,783 623,849 56,574 29,099 1,919,328 155,395 106,848 4,641,426 
2,414 -21,501 12,817 830 -2,153 -9,133 3,181 935 12,664 


160,107 1,031,232 636,166 56,904 26,286 1,910,695 158,576 101,183 4,554,090 


6,134 14,720 22,514 1,092 523 44,983 3,635 1,941 89,662 


15,397 71,170 ^ 16,055 2.159 841 105,622 2.132 6,216 134,087 
100 6,644 1,000 3,519 115 11,978 7,408 2,784 35,570 
21,681 κ 92.534 39,569 6,110 1,479 161,983 13,170 16,297 259,319 
220 2,525 4,328 509 13 1,595 366 3.882 13,779 
93,422 528,867 331,607 23,148 9,909 986,953 83,766 328,135 2,378,960 
2,047 4.054 1,926 End 3 027 429 3,320 13,718 
95,469 582,921 333,533 23,148 9,909 994,980 84,195 331,455 2,392,678 
6,023 8.647 7,338 1,618 2,257 25,888 4,267 18,943 65,620 
1,371 58,024 59,374 1 ἃ 119,807 4,790 66,492 252,361 
13,394 61,671 71,112 1,619 2,294 145,690 8,997 85,435 317,981 
80 2 609 634 c ew 3,923 n 340 055 
3,224 13.701 12,263 1,040 555 30,783 1,935 12,858 80,514 
345 15,108 2 678 154 51 18,336 141 2711 28,819 
8,569 28809 . 14,941 1,194 606 49,119 2.016 15,579 109,333 
1,102 21,219 8221 632 1,415 32.655 1,016 2.980 55,495 
31,690 239.224 142,120 12,145 6,749 431,928 46,382 84,825 968,436 
11.597 . 90,259 46,508 10,744 4,851 168,959 13,080 136,044 450,957 
293 10,987 759 E 54 12,093 935 574 15,723 
5,434 ; 1,582 271 M 41,917 NK 3,723 54,110 
3.228 99.249 21, 233 ns 48,345 z 1,078 51,694 
8,955 23,976 504 54 102,355 935 5,375 122,187 
994 14,210 1,730 E 17, 65 3,758 
"S 498 "p a 9538 35 1,299 6,541 
e 8,529 5,131 719 τα. 14,979 281 2.932 26,514 
m 13,953 766 1,169 2 15,888 19 1,337 23,160 
πη 24,522 6,395 1,888 -- 32,806 335 4,968 56,221 
48 127 33 355 " 563 - ΜΝ 932 
wa 557 638 d -- 1,195 41 363 2.988 
en 951 52 πε ως 003 304 2.395 
48 1,635 723 855 EY 2.761 41 667 5,665 
3,387 28,365 18,445 7 41,100 ,639 129,241 
6,659 7,489 1,083 8,124 931 34,236 9159 21,377 143,957 
22 443 bir uM 465 413 í 4, 
5,195 34,024 29,555 1,496 677 71,547 4,931 31,158 115,951 
1,359 8,987 7,309 418 ñ 17,478 870 31,269 
-2,162 33,312 25,232 -517 32 -61,191 -3,137 -30,471 -167,782 
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Table 21.—Input and output at refineries 


(Thousand 
District I District II 
Item A Appe- Ind., Minn., Okla., 
East ischian Total ian III.. Wise, Kans, Total 
No.1 No.2 etc. etc. etc. i 
Input 1976P 
Crude petroleum: 

Domestic 22,502 39,665 62,167 6,926 580138 42,748 325, 801 955,608 
Foreign! 495,544 22.518 518,062 15,824 256,455 51,264 38,444 861,987 

Total crude petroleum ....... 518,046 62188 580,229 22750 836,588 94,012 364,245 1,817,595 

Unfinished oils rerun (net +16,468 +188 +16,656 -188 -344 +7 +1,039 +514 
Total crude and 
oils rerun _ _ _ _ _ 584,514 62371 596885 22562 836,244 94019 865,284 1,818,109 
ig rim liquids: 
ed petroleum gases 21 175 196 1,402 18,463 3,41 18,220 86,526 

. — gasoline __ _ x 11 11 s 4856 1,17 12,009 17,982 

Plant condensate ______._ _ — zz 2,818 2,818 151 18,072 1,792 240 15,255 
Total natural gas liquids _ _ _ _ 21 2,499 2,520 1,558 86,891 6850 25,469 69,763 
Other hydrocarbons 1,015 == 1,015 — 428 E 284 712 
Output 1976P 
Gasoline: 

Motor gasoline? ___________ 252,506 25,550 278,056 14,887 475,917 49,990 220, 791 761,085 

Aviation gasoline ............ - ..-. 161 κα 161 SM 1,842 E 447 1,789 
Total gasoline? __________ 252,667 25,550 278,217 14,887 477,259 49,990 221,288 162,824 
Jet fuel: 

Naphtha-type ___ -.-.-. 8,181 541 8,722 wh 6,511 1,095 6,255 13,861 

Kerosine-ty [e 14,636 913 15, 549 NE 86,165 — 2,078 8,572 46,815 
Total jet fue! . 17,817 1464 19,271 SE 66 313 14 60,676 
Ethane ας ethylene) ....- ac — gi cx = εν. BUS y 464 
Liquefied : 
or fuel uses 12.582 1,558 14,088 ae 16,852 2.841 7,120 25,813 
For chemical use .............. -. -... 5,570 es 5,570 400 2,195 m 648 8,843 
Total liquefied gases 18,102 1.558 19,658 400 19,147 2,841 7,168 29,656 
πο ο ος uuu 8 8,895 1,642 4,977 800 11,425 255 765 18,245 
Distillate fuel oil“. 129,005 16,015 145,020 5,484 182,154 25,540 96,758 809,886 
Residual fuel οἱ]... .......- -. -.-... 61,669 5,977 67,646 1.704 61,608 6.202 15, 650 85,254 
Petrochemical feedstocks: 
an oe ee sama ΞΡ ΕΡΕ 758 88 796 -- 2,915 NEN dm 2,915 
Naphtha-400° ............΄---΄΄-- 7,021 e 7,021 e 4,408 44 998 5,450 
Es. ο ος er 152 PS 152 -- 2,881 Ša 268 2,605 
Total hemical 
MOOR 7,981 88 7,969 € 9,660 44 1,266 10,970 
Special naphthas* ___....__-- 99 264 863 128 8,774 E 2,802 7 
Bright stock 790 1.502 2.292 .. "E 661 957 
Neutral!!! 2,448 2,860 5, 308 P 2,648 ἘῸΝ 2,916 5,624 
Other grade 8,005 268 9,278 ee 1,411 mx 1,661 8,072 
Total lube οἱ] .......-..-.-.-.-. -.-. 6,248 4,630 10,818 — 4,855 VS 5,298 9,658 
Wax (280 pounds = 1barrel): 

Microcrystalline 5 31 157 188 C ΗΕ NS 78 78 
Crystalline-fully refined 241 81 272 ae 167 e 288 450 
Crystalline- other 119 440 559 cs 87 Z 707 794 

Total wax ...........-.-.-.---.-- 891 628 1,019 T 254 E 1,068 1,922 

Coke (1 short ton=5.0 barrels) |... 18,638 423 14,061 268 24,825 8,216 10, 587 88,456 

Asphalt (1 short ton 5.5 barrels) .. 27,729 1,519 29,248 1,868 pic 6,784 18, 178 51,605 

Sell gas for fuel L ~_____------ 19285 1929 21214 179 30281 1,458 13964 45,882 

Miscellaneous products? _ _ _ _ _ _ _ _ 2,344 8,887 6,231 28 15,158 134 1,145 16,465 

Processing gain () or loss () _ _ _ -24,732 -642 -25,374 -531 -41,278 71,172 -16,076 -56,7138 
1Includes Athabasca hydrocarbons. 


*Production at gas processing plants shown as direct transfers and omitted from input and output at refineries. 
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in the United States, by PAD district —Continued 


barrels) 
District III District IV Distric V 
Ark., La. (Other United 
Texas La. Pm Vel (West States 
inland gulf gulf nano: N. Mex. Total Ed 
158,809 692,710 506,082 61,020 29,724 1,448,345 142,955 880,054 2,989,129 
10,148 442,785 190,500 181 Em 644,164 18,629 378,269 1,921,111 


168,957 1,185,495 696,582 61,751 29,724 2,092,509 161,584 158,928 4,910,240 
+4,415 -22,516 4-6,144 -95 -2,960 -15,072 -- 2,153 +2,748 +7,599 


178,872 1,112,919 102,726 61,656 26,764 2,077,487 164,887 761,071 4,917,889 


6,682 17,399 21,696 1,095 531 47,408 4,200 6,985 95,260 
15,308 15,014 13,668 1,630 1,022 106,702 1,645 5,980 132,320 
98 5,772 1,366 4,222 71 11,529 6,056 2.718 37,871 
22,088 98,245 86,780 6,947 1,624 175,734 11.901 15,633 265,451 
135 2.983 5,084 487 a 8,609 151 8,462 18,949 
101,170 541,251 849,999 25,888 9,650 1,027,458 86,074 850,088 ` 2502711 
1,806 4,046 1,992 en τ. 7,844 506 8,032 18,882 
102,976 545,297 351,991 25,888 9,650 1,035,302 86,580 853,120 2,516,048 
6,890 9,889 1,824 1,553 2,482 27,588 4,828 18,978 68,472 
1,563 57,641 64,046 144 165 129,559 5,410 70,041 261,814 
14,453 66,980 71,870 1,697 2,647 157,147 9,738 89,014 $35,846 
215 8,457 941 __ P 4,643 ο 505 5,639 
2,961 12,400 12,940 859 857 29,525 2,088 12,709 84,228 
620 17,053 4,021 205 171 22.010 78 3,145 84,106 
8,589 29,453 16,961 1,064 528 51,595 2,166 15,854 118,929 
649 21,808 9,054 510 1,468 33,534 601 8,234 55,591 
38,407 259,082 156,138 14,997 6,830 475,454 47,395 92,277 1,070,082 
9,264 104,746 57,650 9,210 5,440 186,310 14,496 150,807 508,953 
254 10,881 985 169 nux 11,739 1,014 984 17,448 
5,086 52,539 7,708 11 E 65,344 x 2218 80,093 
8,137 29,475 28,757 262 Ee 61,631 . 2,491 66,879 
8,477 92,895 87,400 442 T» 188,714 1,014 5,758 164,420 
1,611 17,246 1,155 2.251 E 22.269 107 8.175 82,618 
-- 2,444 451 ex ee 2,895 45 527 6,716 
ae 9,308 6,009 809 un 16,126 318 8,822 80,698 
78 14,289 981 1,123 ope 16,421 22 1,601 24,889 
78 26,041 7,891 1,932 a 35,442 385 5,450 61,803 

78 171 81 853 — 628 NN a 894 

-- 749 1,044 XE d 1,793 98 574 8,187 
RT 1,078 48 e MEN 1,126 M 448 2.927 
73 1,998 1,123 853 = 8,547 98 1,022 7,008 
8,104 22,833 14, 683 699 194 41,513 29,08 83,212 130,145 
6,096 6,391 6,705 8,853 830 $8,875 9,645 20,333 139,706 
1 197 EM 12 M 210 429 366 8,240 
6,100 89,105 25,953 1,721 546 78,425 4,474 85,671 180,666 
960 9,795 9,715 991 Ην 20,861 86 2 632 46,275 


-458 -32,752 -23,120 -486 +255 -57,161 -3,668 -31,759 -174,675 
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Table 22.—Salient statistics of the major refined petroleum products 
in the United States 
(Thousand barrels) - 
Product 1973 1974 1975 1976" 
Iso 
JJJũũ ³-]i ð d en eg 22522 5,828 8,794 8,759 8,470 
Stocks at uberi JJ K ĩ E EA 32 16 6 5 
Used at refiner ieee „„ 5,895 8,810 8,769 3,471 
Natural gasoline: 
Production rm u ß κα. 155,880 144,129 180,065 129,282 
Stocks, end of year: 
At planb So = Soo eee 5,048 5,202 4,897 5,026 
At refineries __ τω ος eee ea 1,085 1,262 1,814 1,618 
Total stockckæakss „„ 6,128 6,464 6,211 6,644 
Used at τοπηθτίθβ.............. - --.------.-.-.-.-...... -. 154,455 148, 793 130,818 128,849 
Plant condensate: 
Production... _ _ eus casi 19.888 17,783 15,626 14,700 
Stocks, end of year: 
At DIAN: oe ee ee arc eene 739 507 617 413 
At refiner isse 4„4„ 936 563 548 1,066 
Total stocks —— — _ _ te 1,075 1,070 1,165 1,479 
Importe . Ä˙ ²˙¹i ⁰ͤ—F!:̃ mn μοι κας ,944 82,864 26,912 24,408 
Used at refineries _.___________________-__-- 56,911 44,596 35,570 87,871 
Domestic demand .................. -.................-.----.-. ,869 6,106 ,933 
Finished gasoline: 
Production: 
At reſiner iss „„ 2,398,831 2,836,383 2,392,678 2,516,043 
At gas-processing plant 8,029 ,084 95 
Total gasoline production 2,401,860 2,887,461 2,893,637 2,516,989 
Stocks, end of year: 
At refineries ......... -..-.....-.---.---------.-.--- 218,334 221,817 287,949 284,227 
At plants ³³¹i ẽ m:mqĩmm ß eed 83 64 53 45 
Total stock „ „„ 218,417 221,881. 238,002 ,212 
Import. κ oe ο e une e ο ο il ua 48,159 71 a 67,249 41,114 
Ebor — 1. neam παω μμ ; 013 850 1,297 
Domestic demand ................-. -.-..-.-..-.-. -.-. -.-.-.-.-.-.-..-..-.-. 2,452,687 24025392 2, 450, 296 2,567,196 
Motor gasoline: 
Production: 
At refineries ................--------------.--.---.------ 2,882,418 2,820,488 2,378,960 2,502,711 
At gas-processing plant 3,029 1,084 959 94 
Total motor gasoline production 2,385,447 2,921,572 2,319,919 2,503,651 
Stocks, end of year: 
At refineries ............-..--------------.---------. 209,395 218,346 234,925 231,387 
At gas-processing plants FFF 64 53 45 
Total motor gasoline stock 209,478 218,410 234,978 231,432 
προ. 5.2. ee y y 8 48,759 74,402 67,249 41,114 
FU ncc G0 uu eie 1,466 865 144 1,148 
Domestic demand ............ - ..- -.-.-..-------.-.-.--.-.. 2,436,156 2,386,177 2,436,229 2,553,834 
Aviation gasoline 
Fü.... ροκ cene 16,413 15,895 18,718 18,982 
Stocks, end of year |... kk 8.999 3,471 8,024 2,840 
JJC d e Pulp μας 198 148 106 154 
UN ως demand u uu eS U 16,531 16,215 14,067 18,862 
Production __ „ 818,689 305,064 317,981 335,846 
Stocks, end of eaeoerrrrrrr 544 29,435 30,880 82,085 
DOFS ος ⅛ðV—K myts eee re N, 557 59,896 48,523 21,983 
oc D DL κο ALAS 1,568 969 610 766 
Domestic demand __ - -- ---.---.-..-.---..-.-. -. -. ... -. -. 386,627 362,600 365,290 361,358 
Naphtha 
aN at refineries eee 65,997 71,175 65,620 68,472 
Stocks at refineries, end of enn „„ 5,599 5,529 ,222 6,495 
F ³⁰rꝛJ 18,315 ,006 10,939 5,514 
CC NEED" "I 640 80 e as 
Domestic demand _ _ _ _ _ _ _ _ ... ...-. -. - -.-. -.-........ -.. -. 79,220 81,171 76,548 12,718 
Kerosine-type: 
Production .—— 2. 2e EeCLmEeTee sS 247,692 233,889 252,361 267,374 
Stocks, end of year __ 22,945 23,906 ,158 26,590 
po ποιο μμ ß d PAS Cana iya 64,242 49,390 88,184 22,469 
πο Sas ασ ο οσα ο DR cR ae 928 889 610 766 
Domestic demand ___ _ _ _ _ _ L2 2-2 307, 407 281,429 288,747 288,645 


See footnotes at end of table. 
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Table 22.—Salient statistics of the major refined petroleum products 


in the United States —Continued 
(Thousand barrels) 
Product 1978 1974 1915 19165 
Ethane ο ethylene): 
{τρ eas processing plants —— _ ̃ A 108,220 117,791 122,945 133,654 
At refineries ..................-..΄--.-.----.-.-............. 9,194 330 4,055 
Total production _____________________ 117,414 124,121 127,000 139,293 
Stocks at plants, end of year __ 5,023 4,562 17 014 113,600 
Domestic demand: 
Plant ethane __________________________ 110,249 118,252 120,493 127,068 
Refinery ethane and/or ethylene SAE E a 9,194 6,330 0566 639 
Total domestic demand __ _ 119,443 124,582 124,548 182,707 
Liquefied gases: 
uction: 
At gas-processing plants (LPG) _______________ 338,813 330,155 321,141 303,712 
At refineries (LRG): 
For fuel une 89,570 81,561 80,514 84,223 
For chemical ue ,062 : 28,819 84,706 
Total production at refineries .. ........ . .. 127,632 116,994 109,333 118,929 
Total production 466,445 441,149 430,474 422,641 
Stocks, end of year: 
At plants ----------------------—- ,086 97,956 105,557 93,117 
At refineries ~______________________ 2,813 4,093 ,202 3 
Total LPG stocks s 85, 899 102,049 109,759 95,506 
LRG Stocks: 
For fuel une 7,403 5,757 8,112 6,940 
For chemical use _____________________ 316 174 263 249 
Total LRG stocks |... ~___________ 7,719 5,931 8,975 7,189 
Total stocks .............- „„ 93,618 107,980 1118,134 1102,695 
ImpoH on das aide uu 2 aod ,002 ,971 40,721 47,436 
J ισα A ae 9,955 9,038 9,488 ,993 
LPG used at refineries _______________________ 80,221 80,217 89,662 95,260 
Domestic demand: 
LPG for fuel and chemical ue 281,624 269,721 255,008 261,148 
LRG for fuel use __ 89,654 83,207 78,159 85,89 
LRG for chemical une 38,040 35,575 28,730 84,120 
Total domestic demand _~__________~_____ 409,318 388,503 361,897 381,263 
Propane (including propylene): 
Production: 
Atgas-processing planesss?s 212,886 206,539 200,573 189,614 
At refineries: 
For fuel ue 73,531 62, 298 63,885 65,055 
For chemical une 25, 329 25,155 21 87 6 25,646 
Total production at refineries .................. 98,860 87,453 85,261 90,701 
Total productions 311,746 293,992 285,884 280,315 
Stocks, end of year: 
Plant propane stocks: 
At plants ο ο ος eh P 59,704 64,713 76,024 69,442 
At refineries ............ . ...-.-----.--.-.-.. 857 97 92 295 
Total plant propane stockk«4ksss _ 60,061 64,810 76,116 69,737 
penne ropane and/or propylene stocks: 
For fi fuel ue 5 zi E Py FF 4, 399 3,684 5,527 3,851 
For chemical une 187 112 200 216 
Total refinery propane and / or propylene stocks 4.586 8,796 5,721 4,067 
Total stocks _~____________________ 64,647 68,606 81,843 78,804 


See footnotes at end of table. 
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Table 22.—Salient statistics of the major refined petroleum products 


in the United States —Continued 
(Thousand barrels) 
Product 1973 1974 1975 19165 
Liquefied gases: —Continued 
Propane (including propylene): —Continued 
ln, MEMEM-----————Á— —— Z s 25,791 21,464 22,058 24,768 
EXxDOPU ll oe ο ³˙¹¹.- ee ee ee 800 4.971 4.852 4.766 
Plant propane used at reſineri ss 2,755 3,465 9,926 4,510 
Domestic demand: 
Plant proppanee 218,770 214,818 202,547 211,485 
Refin e and/or lene: 
For fue use ee wa EPI are ENS 74,091 63,018 61,542 66,731 
or chemical uus 25, 335 25,230 21,788 25,630 
Total refinery propane and/or propylene 
icdemand ..........------ 99,426 88,243 83,330 92,361 
Total domestic demand ...........--- 818,196 803,061 285,877 $08,846 
Butane (including butylene): 
Production: 
At gas-processing plant 88,766 87,171 85,018 81,870 
At refineries: 
For fuel uss «4 18,086 13,598 12,751 14,411 
For chemical uus ; 6, : ; 
Total production at refineries .............-..- 19,702 20,040 17,424 20,041 
Total productioa,.¶ 108,468 107,211 102,442 101,411 
Stocks, end of year: 
Plant butane stocks: 
At plants: ο το ee οι πα ek 15,289 20,992 20,998 16,450 
At refineries ..................-.-------.-------.---.-.-. 1,869 2,212 2,325 
Total refinery butane and/or butylene stocks _ 2,487 2,058 2,567 2,980 
Total stocks ............--------.--------------- 19,145 25,257 890 20,303 
EXDOPR .2 Se AAA nae dem T 4,455 4,067 4,636 4,227 
ImDOF oo eee oe eee eee 11 23,507 18,669 22,668 
Plant butane used at refineries .................- ---.-.-. -- -.. 39,327 45,599 48,576 56,721 
Domestic demand: 
Plant butane ............------------------------.--------- 62,851 54,466 50,356 49,040 
Refinery butane and/or butylene: 
For fuel use id πο EA ασ 12,726 14,055 12,245 14,014 
For chemical uv 6,665 6,419 4,665 5,664 
Total refinery butane and/or butylene 19,891 20,474 16,910 19,678 
Total domestic demand .............- 81,742 74,940 67,266 68,718 
Butane- e mixture 
Production 
At gas-processing plans 3,509 3,027 2, 673 2,557 
At refineries: 
For fuel use 8,003 5,665 4,918 4,151 
For chemical use ...............---------------------- 8,491 655 51 790 
Total production at refineries .............--------- 6,494 6,320 4,429 5,547 
Total production __ _ _ _ 10,003 9,347 7,102 8,104 
Stocks, end of year: 
Plant butane-propane mixture 
Ann eee ie aad 826 1,565 812 918 
PP! eo 128 26 1 
Total plant butane-propane 
i fure stocks oo ως EIL 954 1591 886 931 


See footnotes at end of table. 


CRUDE PETROLEUM AND PETROLEUM PRODUCTS | 10833 


Table 22.—Salient statistics of the major refined petroleum products 


in the United States —Continued 
(Thousand barrels) 
Product 1973 1974 1975 1976P 
Liquefied gases: —Continued 
Butane propane mixture: —Continued 
Stocks, end of year: —Continued 
Refinery butane-propane mixture: 
h/ A 533 59 65 172 
For chemical uune dvi 3 1 "en 
Total refinery butane-propane 
ks E 1 σος 536 60 65 174 
Total stock 1.490 1,651 951 1,105 
Plant butane-propane mixture used at 
refineries ....................-....-..-.--...-.... -. -.-. -.-..-.. -.... 8,027 1,953 1,278 1,889 
Domestic demand: 
Plant butane-propane mixture 503 497 2,105 623 
Refinery butane- e mixture: 
For fue] use a a τ νο a te ae Se ee 2,837 6,139 4,872 4,650 
For chernical |I a n REN asa 8,490 657 52 788 
Total refinery butane-propane 
ο. ο. πρι σοκ 6,327 6.796 4.424 5,488 
Total domestic demand -................--΄----- 6,830 7,233 6,529 6,061 
Isobutane: 
ας ap lants 83,652 83,418 82,877 80,171 
ο ο --- 2,516 3.181 2219 2,640 
Total production 36,228 86,599 85,096 82,811 
gain end of year: 
lant isobutane: 
s inne απ A E Soe te 7,267 10, 686 7,663 6,307 
At refiner ins 959 1.758 1.771 1,158 
Total plant ene stocks .__________ 8,226 12,444 9,434 7,465 
Refinery isobutane -........-----...---.-----.------΄-- 110 22 16 18 
Total stocks nc eee 8,336 12,466 9,450 7,483 
Plant isobutane used at refineries ........ .............-... 35,112 29,200 35,887 82,140 
Domestic demand: Refinery isobutane 
for chemical uss 2,550 8,269 2,225 2,638 
Kerosine (including range oil): 
Production: 
At refineries ................-------.-.-.---.---.------.-.----. 79,422 56,646 55,495 55,591 
At gas-processing plants ___ _ 704 245 178 149 
Total production __ _ _ _ 80,126 56,891 55,678 55,740 
Stocks, end of year: mM 
At refineries c ne ͤ y E ee a E 20,985 15,252 15,556 12,507 
At gas-processing plant? 37 17 15 7 
Total stocks __——--------------------— 21,022 15,269 15,571 12,514 
Imborla lt noe ue ⁰y 785 1,744 1,073 8,163 
Epor .— ende leues LL cL I eL 85 36 52 40 
Domestic demand ................................ -.-- -.-.-.-..-.-. -. -.. -. 18,915 64,352 57,990 61,920 
Distillate fuel oil 
uction: 
At refineries _ _ _ _ 4 1,029,343 973, 764 968,436 1,070,032 
At gas-processing plantttt 2s 835 261 214 177 
Total production __ ~~ 1,080,178 974,025 968,650 1,070,209 
Crude used directly as distillate ..................---------------- 760 774 587 540 
Stocks, end of year: 
At refineries: J... ————— —— n 1196421 3200,029 2208, 787 185,948 
NPT ³ (h muc ea ee 40 39 46 88 
Total stock „„ „„ 196,461 200,068 208,883 185,986 


See footnotes at end of table. 
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Table 22.—Salient statistics of the major refined petroleum products 


in the United States —Continued 
(Thousand barrels) 
Product 1978 1974 1915 19165 
Distillate fuel oil: —Continued 
Inporis LEE I s asa 143,149 105,579 56,678 52,470 
πασοκ ĩͤ ee μα 8,231 855 261 421 
Domestic demand 1,128,714 1,075,916 1,040,571 1,145,645 
Residual fuel oil: 
Production ĩÜO³⁵ö Loue ³ĩ K EI LL c) 854,597 390,491 450,957 503,953 
Crude used directly as residual „ 6,126 4,751 5,616 6,298 
Paine end of year _________________________ 53,480 59,694 74,126 72,344 
EE ο ο 8 3676,225 3579157 5446,528 3511,765 
x etis μπω ο νο λα ο το SCENE SN 8,507 4,969 5,842 4,210 
Domestic demand __________________________ 1,030,177 963,216 898,572 1,019,588 
Petrochemical feedstocks (excluding LRG): 
%% ũ ů ũß˖ e (yd y ador c e 132,564 184,764 122,187 164,420 
Stocks, end of year _________________________ 2,387 8,486 2,924 4,114 
J y ο NAVE ο το ος 8,825 4, 2,061 1,970 
SC m dli ĩͤ v 2 T L LU ; 5,561 8,037 11,144 
Domestic demand 
αμα u⁴u“ꝗ᷑ LT 12,428 14,375 15,723 17,448 
Naphtha400 ___--------------------—-—- 56,822 61,879 58,512 
ut ος are ο ο ο ος 60,679 56,214 41, 62,111 
Total domestic demand ... _ _ 129,929 132468 116,773 152,856 
Special — Ry γραφή | 
Production: 
At refineries __________________________ 32,878 83,362 21,200 82,618 
Atgas-processing plant 210 175 125 20 
Total production 83,083 33,537 27,325 32,638 
Stocks, end of year: | 
t refineries __-______________________ 4,514 5,716 4,373 4,441 
At pani ee 7 4 4 8 
Total stock es 4,521 5,120 4,877 4,441 
Importe 88 88 45 
προσ ο οὐ ˙˙———— 1,652 1,800 1,221 2,510 
Domestic demand ..................... -......-.-...-.-.-.-.-... 230 81,976 21,490 80,109 
Lubricants: 
Production ............. -......-.... πα μαμα πα 68,142 10,694 56,221 61,808 
Stocks, end of aa «„ 12,186 16,060 14,837 12,274 
ποια οκ E 2,091 1,786 1,835 1,861 
Exports: 
εν πιω ul h. d E μα 7 261 
Di. Lue lut ο. Lc Mnt σα. 12,496 11,659 8,846 9,234 
Total export 12,747 11,936 9,111 9,495 
7ͤͤ ͥilww tf 59,171 56,610 50,169 55,732 
Wax (1 barrel = 280 pounds) 
ID ος ο cud LLL AA E a EN 6,768 6,929 5,665 7,008 
Stocks, end of year ___ ----------.-.-.-....... 990 1,195 861 
7 -b. v 8 1,067 956 684 652 
J ð ⁵ v ĩ EROR 8 965 81 601 625 
Domestic demand .. _ _ 6,941 6,801 6,076 7,210 
Coke (5 barrels -- 1 short ton): 
Marketable cok 67,527 68,950 66 67,908 
Catalyst cok «„ „„ 64,163 59,796 62,741 62,287 
Total production __ _ _ _ ~________ 132,290 123,746 129,241 180,145 
Stocks, end of ea k 9,974 5,420 7, 10, 
232322 ↄð§ͥtͤ«ꝛ TON EUMDEM 84,976 41,244 87 87,778 
ic ἀοτιβηὰ.....................--.-.------.-.-.-.-...-.-.-. 95,156 87,056 . 90,048 89,091 
Asphalt (5.5 barrels = 1 short ton): ` 
J))! yk ος ĩ A EA 167,884 64,237 143,957 139,706 
Stocks, end of year ___ ccc cL ---- 15,024 21,870 375 
))))))%ͤõͤͥͤ 8 8,444 11,252 4,956 | 
JJ ³ð x8 840 410 
Domestic demand ........------------------ --------------------------- 182,602 168,733 147,884 146,763 
Road o 
NN ο m LIUM ee 7,826 7,162 4,944 3,240 
Stocks, end of ea „ 799 i 571 1 
Domestic demand ............- d -.-.-.--.--......-........... 7,832 6,881 5,453 8,647 


See footnotes at end of table. 
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Table 22.—Salient statistics of the major refined petroleum products 


in the United States —Continued 
(Thousand barrels) 
Product 1973 1974 1975 1976P 
Still gas for fuel: 
Production ος ᷑ : ee 176,158 175,724 175,851 180,666 
Miscellaneous products: 
uction: 
' At refineries __ _ ... ............. -.......-..... 18,795 24,515 81,269 46,215 
At gas-processing plant 1,066 781 946 935 
Total production _____._.----_--------- 19,861 25,246 32215 47,210 
Stocks, end of year: 
At refineries .................΄΄”------.-.---.-.- -.-...-...... 1,378 1,815 2,578 1,982 
At plants μμ οικου a 16 10 δ 5 
Total stocks ~- --------------------— 1,894 1,825 2,583 1,997 
C ² ² T8 __ 655 2,840 720 
λα) —..— ouo a h nee eei 1,187 1,207 1,124 1,112 ' 
Domestic demand ......................... -- --. - -.-.- -.-. .. 18,984 24,268 - 82,674 47,464 
Unfinished oils (net): 
Input (+)Output(-) -...-.--------.-.-.--.-.---.-.-.------΄- +45,768 +37,851 + 12,664 +7,599 
Stocks, end of ea kk 99,154 106,031 106,352 110,488 
Προ ο ß eu 50,161 44,228 12,985 11,785 
! Includes stocks at plants and refineries in thousand barrels. At pant Ethane, 1975, 5,549; 1976, 11, 180; 
propane, 1975, 68,765; 1976, 50,560; butane, 1975, 17,778; 1976, 12,100; butane-propane mixture, 1975, 162; 1976, 159; and 


isobutane, 1975, 6,891; 1976, 5,054 . At t refineries, (includes LRG): Pro e, 1 ἃ 14 822 1976, 3,014; butane, 1915, 2,417; 
1976, 2,260; butane-propane mixtures, 1975, 1; 1976, less than 1; and i tan. 1975, '628; 1976, 103. 
Includes No.4 fuel oil, in thousand barrels: 1978, 8,499; 1914, 4,116; 1975, 5,035; 1916, 4,821. 
Includes foreign crude oil to be burned as fuel, in thousand barrels: 1973, 19, 105; 1974, 7,508; 1975, 18,559; 1976, 5,553. 
„ at petroleum refineries. Data for LRG petrochemical feedstocks are included with those for “Liquefied 


E^ Note: "Stocks at refineries" include stocks at refineries and bulk terminals operated by refining and products pipeline 
companies including pi Ai καμπαὶ fill, and stocks at independent bulk terminals. “Stocks at plants" include stocks at plants 
and terminals opera by natural gas processing companies and natural gas liquids stocks at terminals of pipeline 
companies, including pipe 
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Table 23.— Production ( „ N and νη οἵ motor gasoline in the 


States, by State 
(Thousand barrels) 
1974 1975 1976P 
State Produc- Consump- Produc- Consump- Produc- Consump- 
tion tion! tion tion! tion tion! 
Alabama 528 44.349 736 45,672 1,725 48,807 
Alaska .—. κ οο ώς 3 8,883 3$ 4,613 (3 5,099 
Arizona __________________ = 27,828 1 i 3 29,784 
Arkansas__ s 7,448 21,433 7,156 28,230 7,440 29,928 
California 2262, 402 235,428 086 3282511 255,897 
Colorado ......-.-..-----------.---- ---- 8,420 30,999 9,824 82,350 ,669 83,635 
Connecticullnt! -. -. -.... ΚΝΕ 81,602 es 82,180 us 88,171 
Delaware (5) 7,059 3 7,209 (5 7,512 
District of Columbia MES 5,125 PER 5,805 Se 5, 
RCM PCM EP Mee mut 100,124 Ἐπὶ 108,467 MEE 107,822 
—— —A A ολα (5) zm 090 3) 69,871 
Hawaii 3 6,615 3) 6,899 3) 1,284 
Idaho __ .-------------- 10,900 =e 11,487 
IIlin ois 214,648 119,697 214,812 121,127 220,817 121,483 
PM OMNCM CES i 16 79,000 65,78 ; 
1 2 89,215 ze 89,451 42,541 
JJ ĩͤ LE 4100222 81,646 4106, 302 82,852 *109,148 84,971 
Kentucky .............-.-.--.----------.-- 529,197 39,919 534,623 41,518 535,550 
isiana παω ls 280,783 41,818 296,641 43,894 310,211 41,415 
Maine EN 12,882 us 12,762 e 18,510 
Maryland .....................- ------ are 42,606 48,926 ae 45,580 
i nc 54,689 PR 55,088 57,114 
IRB RM EUR 19,543 108,694 19,404 110,244 21,230 116,881 
Minnesota __ ~~ 59 48,481 881 49,180 ; 51,215 
Mississippi 48,146 28,461 50,222 28 56,011 29,661 
ο LL Rm AL E ($ 62,586 ($) 63,541 ($) 66,717 
Montana 21,069 10,667 ; 10,829 28,189 11 
JJ UU (9 20,674 (4) 20,975 (4) 22,878 
Nevada (3 9,110 (3 9,150 3) 10 
New Hampshire 9,299 9,608 10,138 
New Jersey ..........---.-------------- 89,760 75,588 85,821 78,182 91,136 1 
ew Mexico 16,215 ,909 ; : 18,116 
New Vork 14,149 13,458 142,504 15,482 690 
πα τος zs 67,150 (9) ; 71,786 
North Dakota ..................-.-- -.-.-. -. 718,678 9,193 718,819 10,817 715,423 10,779 
G i ον NUS SR 117,540 119,193 124,490 121,815 1 
Oklahoma ________________ 99,516 898 101, 188 41 111,648 i 
Oregon --.--------------— ΕΓ 28,278 29,158 <= 80,897 
Pennsylvania 3138 368 114,616 5196996 109,489 5100689 119,191 
Rhode Island Bo 8,851 Ἐπ; 9 MN 8,982 
South Carolina de 84,682 Eee ,862 me 
αι ο ες αν. y 10,868 Tu 11,915 € 11,278 
Tennessee ($ 51 ($) j ) 57,344 
Toras oie ũ ůÜ -m˙ñRæʃ³ ο να» 169,080 622,289 177,697 642, : 
μι μπεκ 8 21,081 14, 22,885 15,408 28,472 16,191 
Vermont!!! ; TAM 5,120 ; 
T ου τοι IT REOR PES €13,170 58,130 €12,247 ; 610,749 63,392 
W MOROCCO, ᾽ 99,689 68,048 41,239 ,514 Y 
West Virginia (9) 18,248 (6) 19,846 (9) 20,727 
isconsin .............-.....-----.---.-... 51,084 (7) 52,819 54,140 
Wyoming 25, 478 7,011 25,059 A 24,744 8,172 
Total .-------------- 2,820,488 2,425,137 2,378,960 2,482,654 2,502,711 2,610,888 


PPreliminary. 
,Source: Federal Highway Administration. 

3 Alaska, Hawaii, and Nevada included with California. 
*Delaware and Georgia included with Pennsylvania. 
*Nebraska and Missouri included with Kansas. 

Tennessee included with Kentucky. 
North Carolina and West Virginia included with Virginia. 
Wisconsin included with North Dakota. 
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Table 25.—Salient statistics of aviation gasoline in the United States, by month and 


refining district 
(Thousand barrels) 
1975 1976P 
Domes- Domes- 
Produc- : Produc- η 
Exports end of tic Exports end of tic 
tion period demand tion period demand 
Month: 
Januar 1,110 9 8,602 978 718 10 2,869 863 
Februar  _ -.-.-..-.. -. -. 4 8,462 1,046 850 26 2,856 837 
March __ 2-- 8 8,345 1,037 1,080 89 2,796 1,051 
1 5 048 1,176 14 2,552 1,110 
! ο SRE 1,107 8 8,031 1,116 971 4 2,487 1,088 
June 1.052 11 2,859 1.213 1.402 5 2,335 1,499 
duly uunc canc lccuLeu 1,830 9 2,737 1,443 1.372 8 2, 483 1.216 
August __ _ ------------ 1,482 6 2,863 1,850 1,608 14 2,601 1,471 
September _____________ 1,264 5 2,151 1,365 1,888 22 2,815 1,152 
Bee hs 1,524 10 922 1,349 1,040 4 2,116 1,185 
November 294 5 8,140 1,071 1,064 4 2,151 1,025 
December _____________ 838 81 8,024 923 1,008 4 2,840 915 
TOG) o 88 18,718 106 8,024 14,067 18,332 154 2,840 13,862 
Refining district: 

East coat 110 393 161 441 

n wa š 27 " 3,210 19 55 2,166 
ppalachian No.! mc 
Ap hian No. 2 __ _ --- -- 1 E 

Indi Illinois, Kentucky, etc 1,460 691 1,342 565 
ΕΗ 8,570 TNT 8,684 

Minnesota, Wisconsin, etc _ _ _ — zs 102 =. 75 

Oklahoma, Kansas, ete _ _ 866 126 447 156 

Texas inland... 2,04 1,806 121 

Texas gulf coat 4,054 431 4,046 365 

uisiana gulf coat 1. 402 1.992 449 
23 8,287 81 8,134 

Arkansas, Louisiana inland, etc pM 7 Se 11 

New Mexico == 14 S 11 
Rocky Mountain ________- 429 EN 40 599 506 ο 56 777 
coat 3,320 56 534 3,401 3,032 54 526 3,001 
Tr ος es 18,718 106 3,024 14,067 18,332 154 2,840 13,962 
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Table 26.—Shipments of aviation fuel to PAD distr. -ts 


(Thousand barrels) 
District District District District District United 
Product and use I II III IV V States 
Aviation lin is 
via e: 
For commercial use: 
Airlines 372 102 68 18 277 837 
Factory νι ou (n ß ολες, 84 61 21 mn 84 150 
General aviation ________________ 2,502 9128 1,708 514 2,018 9,455 
e πω κ 2,908 2,886 1,792 532 2,824 10,442 
For military uses 618 570 831 81 1,842 8,442 
Jet fuel 
For commercial use 
rosine-type: 
Airlines __ . ιο ὦ 97,184 50,185 22,310 7,083 70,848 241,610 
Factory .......-.-...-...-.-.-..-..-..-.. -. -..-. 1,088 339 809 8 417 2,156 
General aviation 3,865 3,175 2,568 852 1,418 11,878 
νι μαμα ete m 102,137 53,699 25,187 7,438 72,018 261,139 
Naphtha-type: 
ji πο ai ee A IRR E RE 5 126 110 86 82 809 
Factor 40 164 GM NA 25 229 
General aviation 23 61 2 7 661 760 
Total (LEE 68 851 112 43 72A 1,298 
Total for commercial use 102,205 54,050 25,299 7,481 18,402 262,487 
For military use: 
ο το ο ο Re ο ee σος u 13,511 14,114 14,440 3,291 19,411 64,767 
a ug eee eee 9,678 111 1,476 e 87 455 18,721 
Other- —— ——— hd my 8 106 9 222 uae 8,182 3,519 
TOUR] oL AA R 23,290 14,240 16,138 3,291 80,048 87,007 
For nonaviation uses 3,705 724 198 4 807 4,938 
^ "s 1976 aC Y a E 
viation gasoline: 
For commercial use: 
Airlines omne ci iss 840 196 49 14 262 800 
Factor 30 41 27 NN 21 119 
General aviation ________________ 2,658 8,071 1,824 597 2,152 10,302 
Total es se ee ee E 8,028 8,247 1,900 611 2,435 11,221 
For military use 333 335 601 57 626 1,952 
Jet fuel: 
For commercial use 
Kerosine-type: 
Airlines O. u Reece eek 96,755 49,927 21,590 8,906 70,303 247,481 
Factor 818 487 332 6 621 2,220 
General aviation 4,109 8,190 8,557 647 1,894 18,397 
Το TE 101,682 53,554 25,479 9,559 12,824 263,098 
Naphtha-type: 
P Ai ln 1-22 8 46 E lc EN 96 142 
, ß 233 87 23 5 
General aviation 18 202 3 6 818 607 
Total. —— eaea ee 857 289 26 6 419 1,097 
Total for commercial use 102,039 53,843 25,505 9,565 13,248 264,195 


See footnotes at end of table. 
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Table 26.—Shipments of aviation fuel to PAD districts —Continued 


(Thousand barrels) 
District District District District District United 
Product and use I II III IV V States 
1976 —Continued 
Jet fuel: —Continued 
For military use: 
JPA? apo ee ea ia Z 16,020 13,166 13,663 8,205 20,941 66,895 
n L. 7,800 871 983 ma 7,268 16,872 
Other —— —— uuu a ĩͤ A a 56 16 168 ENIM 2,916 8,276 
r AAA eee 23,876 18,618 14,764 8,205 80,585 86,048 
For nonaviation used 8,514 863 110 4 394 4,885 


1Excludes direct im by the mili of naphtha-type jet into: P.A.D. I, 8,721,000 barrels; P.A.D. V, 1,506,000 
parre. Alec ος direct ροών ß P.A.D. I, "100,000 barrels; P.A.D. V, 44,000 


Ancludes 3, ο... fre 8 s barrels Σα ο kerosin PAD. VOX EDU 
3Excludes naphtha-type into: barrels; 

barrels. 6 corte By ων of κατάνα type jet in to: P.A.D. V, 904,000 barre 
‘includes 4,234,000 barrels sold to electric utilities, and 651,000 barrels sold ae jet-grade kerosine, 


A ας Αη ο... ιο iston-type tion 

viation e— in the gaso ruseina n- avia engine. 

Jet fuel—Any fuel for Fi in an aviation turbine engine d 

, Airline—Sales to U.S. certified air carriers, including ai air freight carriers, and international air carriers (if delivery 


to distributors and airport ers. 
Military—Sales to Defense Fuel Supply Center and to other military agencies of the Government. 
Nonaviation—Sales for use in turbine engines other than aviation turbine engines. Sales to electric utilities 
are included in this category. 
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Table 31.—Sales of distillate fuel oil* in the United States in 1972-76, by use 


(Million barrels) 
Use S 1972 1973 . 1974 1975 1976 

Heating? ___-_____________-________----- /. 56448 5369 4982 4884 — 5443 
ο (excluding oil-company use .......-. -. .. 60.4 61.8 64.0 64.0 79.5 
W μοι eI ĩðâL el a 18.4 14.9 18.8 18.6 18.5 
Electric utility companies 68.3 77.9 84.7 363.4 *60.5 
τς κο ος PRU τις ντ τος ο σα S E ass 97.0 102.8 108.0 98.2 99.9 
Mele — ακομα σε 22.2 26.8 24.8 26.1 21.0 
Military ....------------------------ 20.2 19.6 17.8 18.0 17.6 
On-highway diesel ..................-------------------------------- F 189.1 221.4 221.0 217.9 242.8 
Off-highway diese“!l“““!!!l!l!lll «4 50.2 55.5 48.7 49.0 54.4 
Ae oe mii iens 10.8 11.9 10.1 10.1 11.4 
% ĩↄ²ꝛ—i.. ce Shee aE 1,074.9 1,135.0 1,081.1 1. 043.7 1,150.9 

Includes diesel fuel. 

Ancludes range oil. 


VVV. 4 fuel oil used at steam electric 
plants, and 3.2 million barrels of kerosine- type jet fuel 

“Includes 22.4 million barrels of distillate Νο. 2, 9.2 million barrels of distillate No. 4 fuel oil used at steam-electric 
plants, and 4.2 million barrels of kerosine-type jet fuel : 
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Table 39.—Statistical summary of petroleum asphalt and road oil 


(Thousand short tons) 
1972 1973 1974 1975 19165 
Petroleum ΝΕ 
Production ___ _ — 28,235 80,524 29,861 26,174 25,401 
Imports (including natura) 1,684 1,535 2,046 710 
323222 Kk 88 61 62 74 58 49 
Socks end of period ~- - _ -.-. -. -. -.-. -.... 8,934 2,781 8,885 4,144 8,522 
Apparent domestic consumption 29,779 83,200 80,679 26,197 26,684 
Petroleum asphalt shipments: 
Paving ___ _ _ Lind DONDE πε μα να 24,305 21,041 24,642 21,598 21,475 
Benet dut ceu sc usa E 5,847 5,677 4,815 4,808 4,192 
All othr- AAA; 1.469 1,615 1,578 1,099 i 
/ ͤA⁰ Ü K eh ae 31,121 34,333 81,085 21,495 27,800 
Road oil: 
Production |... 222 cc --.-.-.-.-.-.- --. -. 1,444 1,332 1,302 899 589 
Stocks, end of period 237 145 196 104 30 
Apparent domestic consumption 1,371 1,424 1,251 991 663 
Road oil shipment 1,371 1,424 1,251 991 663 


1Conversion factor: 5.5 barrels = 1 short ton. 
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Table 41.—Salient statistics of road oil in the United States, by month and refining 


district 
(Short tons): 
1975 19165 
Produc- ks, Domestic Produc- Stocks, Domestic 
tion € ke demand tion kim ber demand 
Month: 
January -.........--------.--------- 715,213 228,121 42,909 8,546 103,273 9,091 
Februar 41, 636 261,273 9,091 909 112,364 11,818 
Maren 47,818 291,273 17,818 23,455 127,273 8,546 
april αν NAE ,000 304,727 546 75, 818 187,455 15, 
. IA e E 74,000 303,455 75,273 455 161,818 65,091 
// 6 n e An re 160,727 ,000 126,182 73, 636 169,091 66,364 
JUS o μαμα E LE ee 111,818 151,636 298,182 101,818 158,182 112,721 
Au guet 100, 364 131,273 120, 727 727 124,545 130,364 
September ______________ 69,273 124,909 15,636 60,545 114,545 70,545 
October 54, 000 122,182 56,727 82,000 9,636 76,909 
November ______________ 72,909 108,545 86,546 14,721 545 45,818 
December _____________ _ 43,091 108, 818 47,818 41,455 29,818 50,182 
l! u L L 898,909 103,818 991,455 589,091 29,818 663,091 
Refining district 
East coat zi NUS DN mut 
Appalachian No. 1 | 1030 | zx 
p o o et XN REN ERR "E 
Appalachian No.2 m " ὶ MX 
Indi Illinois, Kentucky, οἷς .. 442,182 65,818 ‘ 523,091 345,455 17,686 l 474,000 
Minnesota, Wisconsin, etc _ _ _ _ _ ,091 spa. { τι. nus wd 
Oklahoma, ,ete ______ 92,545 21,091 60,909 1,687 / 
Texas inland_____________ 4,000 pn 182 ο. 
exas gulf coast 80,545 A 85,818 = 
Louisiana gulf coast -- NS 84,182 e E 88,864 
Arkansas, Louisiana inland, etc _ was 864 2,182 182 
New Mexico xe TR EM 
Rocky Mountain __________ 75, 091 10,909 67,455 78,000 2,727 79,636 
ο απο renee 189, 455 636 315,091 66,545 1, 71,091 
Total 2c ute 898,909 103,818 991,455 589,091 29,818 663,091 


PPreliminary. 
Conversion factor: 5.5 barrels = 1 short ton. 


Table 42.—Production of miscellaneous finished oils at refineries and natural gas 
processing plants in the United States in 1976 by refining district and class 


(Thousand barrels) 
Spec- Petro- 
NC Absorp- Petro- : : r 
District ialt chemi- Total 
tion latum oils Sala products? 

ο ων μεσο . Renee ce TAN 46 788 1,309 201 2,344 
Appalachian No.1 ..................-.-.--------------.-. SE 129 em 8,552 3,887 
Appalachian No. -—--------------------- i — 26 In 28 
Indi Illinois, Kentucky, eti „ T 35 820 955 13,848 15,165 

Minnesota, Wisconsin, North 
Dakota, South Dakota κα E ates 134 ae 134 
Oklahoma, Kansas, ett 129 496 ET 538 1,262 
Texas inland ..—. coe eL κα LL ccce 569 cn 706 E 259 1,594 
exas gulf coast. 76 921 929 3,995 8,945 9,866 
Louisiana gulf coat 129 = 802 6,949 2,464 9,844 
Arkansas, Louisiana inland, et 37 ᾱ-- 107 119 165 428 
Rocky Mountain, New Mexico _ __ _ M as 4 54 28 86 
Westcoast ou onim ee 19 16 1,179 1,048 370 2,632 

Total: 

μέ ποτ πο μον Reo oe e Le τας 966 1,323 4,986 14,565 25,910 47,210 
J1JJJöÜ ˙ð*1— yt ð es r uta 1.054 947 5,918 13,189 11.107 32,215 


gg ρει oils include: Hydraulic, 222; insulating, 274; medicinal, 251; rust preventatives, 2; sand-frac, 702; spray oils, 


eee 


other, 
SNG feedstock. 
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Table 43.—Receipts of domestic and ο... crude petroleum at refineries in 


the United S 
(Million it 
Method of transportation 1972 1978 : 1974 1975 19765 
By water: 
IDtragtate- cc ono e ALL LE 155.4 148.9 130.4 1349 128.8 
Interstate ___--------------------—— 298.5 249.8 211.5 170.2 146.8 
FOrelgñ ncm Lenceria 490.5 775.3 896.1 1,100.9 1,487.4 
Total by water ........ .......-....-.------- 944.4 1,174.0 1,238.0 1,406.0 1,758.0 
By pipeline i 
In αλ ο ο το 1,882.0 1,796.9 1,692.5 1,641.0 1,622.7 
Inte 1. 131.8 1,108.1 1,061.4 1,021.5 1,020.1 
kh u ee ee 817. 408.7 810.7 897.5 443.0 
Total by pipeline ...................-....-------.-.---..---- 3,281.6 3,318.7 8,124.6 3,060.0 3,085.8 
By tank cars and trucks 
e der er mDqʒx το 47.5 7 51.7 56.5 58.4 
Interstate ~____________ 222 L2 2 22-2 5.7 12.4 .0 23.7 18.0 
Foren ο Ai AAA nec m m m ae τα. a A 
Total by tank cars and trucks _ _ _ 53.2 58.1 73.7 80.2 76.4 
Grand total __ _ _ -_______ 4,219.2 4,545.8 4,486.3 4,546.2 4,920.2 
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Table 48.— Pipeline tariff rates for crude petroleum and petroleum products, January 1 


(Cents per barrel) 
Origin Destination 1976 1977 
Crude oil 

West Texas _____________________ Houston, Tek 28 30 
αρ ο 8 East Chicago, Indi 39 42 
DO- ee tpt ne Fe Wood River, Iii 39 42 
Oklahoma _ _ _ _ _ ωρα A 29 84 
]. 8 Wood River, Iii 21 25 
Eastern Wyoming Chicago, Illi 38 42 
|b MUERE y d οστεσς, Wood River, Iii 35 39 

Refined products: 
Houston Tek Atlanta, aa 58 59 
| ο το ο 8 New York, N.Y |... 22-22 52 52 
Tulsa, Okla __ nncm RÀ Minneapolis, Minn 85 89 
Salt Lake City, Uta Spokane, Wass 52 54 
Philadelphia, Pa —~_________________ Rochester, N. WW 50 60 


Source: Interstate Commerce Commission. 


Table 49.—Stocks of crude petroleum, natural gas liquids, and refined products in the 


United States at yearend 
(Thousand barrels) 
1972 1978 1974 1975 1976 

Crude petroleum: 
At refiner ies 10,321 76,971 83,214 86,761 95,574 
Pipeline and tank farm 162,476 152,533 168,944 172,610 171,709 
Producerer vd 13,592 12,974 12,862 11,983 18,188 
Total crude petroleum ___________ 246,395 242,418 265,020 211,354 285,471 
Unfinished oĩlsss 94,761 99,154 106,031 106,352 110,488 
Natural gasoline !!! 4,802 6,160 6,480 6,217 6,649 
Plant condensate 1,273 1,675 1,070 1,165 1,479 
Refined produetsss -- 611,748 658,840 695,045 747, 867 707, 723 
Grand total!! 958,979 1,008,307 1,073,646 1,182,955 1,111,810 


1Includes isopentane. 
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Table 54.—Value of crude petroleum at wells in the United States, by State 


1975 1976 
State Total value oe Total value . 
at wells e at wells s 
(thousands) bai (thousands) 3 
S ĩð A ⁊ðͤ 8 $136,541 $10.13 155,437 $10.57 
fn! ð dd sec a 64,630 5.22 318,789 5.08 
Arizona_______ _ _ ee ώς, 8,392 5.25 2,124 5.25 
Arkansag s 143, 336 8.88 174, 636 9.65 
California 1,943,048 6.03 2,005,571 6.15 
Colorado 365, 9.60 376, 273 9.65 
% a ĩð 8 490 11.71 499,573 11.24 
Illo e E; 273,182 10.48 7,449 10.18 
. εμας 48,821 10.54 50,421 10.89 
A ce eS te ce ete eet oe s =: 561, 9.50 557,783 9.50 
Kentucky uu epu 84,520 11.19 ; 11.42 
Gulf coat 4,358,452 7.10 4,275,314 1.52 
ΝοπΏθτη.....................-...-.-.-. -.-. -. - : 6.79 447 7.36 
Total or average Louisiana 4,611,879 7.09 4,556,761 7.51 
ο NN ( 352 10.74 29, 7.14 
Mississippi — — - - - „ 310,346 6.66 328,957 7.14 
ontana __ _ _ _ ee 257,169 7.83 276,419 8.42 
Nebraska. |... 2222-2222 222-2 55,133 9.01 55,551 8.99 
New Mexico 
Southeastern __________________ 134,204 8.29 761,397 8.84 
Northwesteer“nn 53.869 8.29 53,022 8.84 
Total or average New Mexico 788,013 8.29 814,419 8.84 
New York ___ onec me eem 10,693 12.22 10,897 12.25 
North Dakota... _ -- 149,705 7.32 170,411 7.84 
Ohio. oh ³²5 y mß 88 113,917 11.89 117,655 11.77 
Oklahoma ___ _ _ _ _ 1,889,1 8.52 ,A84,1 9.19 
Pennsylvania 39,647 12.15 36, 700 12,16 
South Dakota ............ .-....-----------.------ 5,996 12.70 5,519 12. 
Tennessee |... _ 7,849 11.51 8.208 18.12 
Texas: 
Gulf coat! 1,866,358 7.96 
East Texas field_________________ 533,269 7.18 
West Texas TL 4,925,842 7.41 110,217,702 18.59 
Panhandle.... _ _ _ ----- ; 7.16 
Rest of Statte‚ẽ .. 1,851,214 7.16 
Total or average Texass 9,336,570 7.64 10,217,702 8.59 
ü K sss E 191 8.23 818,911 9.30 
West Virginia 29,712 11.99 227 12.00 
Wyoming- - -—-------------------——- 7 7.24 971,235 7.24 
Other States 1,108 6.33 2,323 11.22 
Total or average United States 23,116,059 1.56 24,229,540 8.14 


1Νοί individually available for 1976. 
Missouri, Nevada and Virginia. 
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Table 55.—Posted price per barrel of petroleum at wells in the United States 
in 1976, by grade, with date of price change! 


(Dollars) 
Grade January March April May June- 
Pennsylvania grade: 
Bradford a and All ny districts _ __ 6.83 6.83 (11.12) 6.83 (11.19) 6.93 (11.26) 6.96 (11.32) 
Southwest Pennsylvania 6.12 6.12 (10.60) 6.12 (10.67) 6.22 (11.74) 6.25 (11.80) 
οι ͤ EON qu mt 5.17 5.17 (10.97) 5.17 (11.04) 5.12 (11.11) 5.15 (11.17) 
rem entucky oec 5.20 5.20 5.26 (11.22) 5.26 (11.11) 5.33 (11.55) 
ni σι ο ο REN ONES 5.20 5.20 5.26 (11.42) 5.30 (11.49) 5.35 (11.55) 
Coldwater Mich __ nd 5.00 5.02 5.08 (11.67) §.12 (11.74) 5.15 (11.80) 
Oklahoma- 
34°-34.9° API________________ §.11 5.14 (11.50 — SN TN 
36°-36.9° API 2L 222 2-- 5.15 5.18 (11.80) M -- ΚΞ 
Texas, Panhandle (Carson, Gray, 
Hutchinson, Wheeler Counties), 
35°-35.9° API ________________ 5.10 5.13 5.18 (11.69) §.20 (11.74) 5.23 (11.80) 
West Texas, 30°-30.9° API (sweet §.11 5.14 (11.50) 5.21 (12.07) 5.18 (12.07) 5.2A (12.10) 
Lea County, New Mexico, 
30°-30.9°API (sour) --- 5.00 5.08 (11.15) 5.06 (11.22) 5.10 (11.29) 5.15 (11.35) 
South Texas, Mirando, 24°-24.9° API Ὃ 5.90 5.33 (11.80) 5.26 (11.67) 5.30 (11.84) 5.85 (11.90) 
East Texas απών...» 5.20 5.20 5.26 (11.67) 5.30 (11.74) 5.33 (11.80) 
Conroe, Tekas -.. ... -. 5.30 5.30 5.86 (11.77) 5.40 (11.84) 5.43 (11.90) 
80'-30.9 API__.____-__________ 5.05 5.08 TOT ΕΕ Au 
20°-20.9° API___-_____________ 4.95 4.98 AT m ΠΣ 
isi $0°-30.9° API ____________ 5.15 5.18 (11.40) ae mo Eum 
o-Pine Island, La., North, 
396969 API __ --- 5.04 5.07 (11.32) 5.10 (11.39) 5.14 (10.46) 5.17 (11.52) 
Marchand, La., South, 
°369° rtr ee 5.27 5.27 5.33 (11.59) 5.37 (11.66) 5.40 (11.72) 
Alaska Cook inlet 
36°-39° API _________________ 4.71 4.71 4.77 (10.43) 4.87 (10.50) 4.84 (10.56) 
Magnolia Smackover, Limestone, 
Arkansas, 31°-31.9° API __________ 4.84 4.74 4.80 (10.99) 4.84 (11.06) 4.87 (11.12) 
Elk Basin, Wyo. (including 
Montana), 3030.9" API __________ 4.88 4.88 4.94 (11.37) 11.98 (11.44) 5.01 (11.50) 
California: 
Coalinga, 32°-32.9° API __ _ _ 5.01 5.15 (10.09) 5.18 (10.16) 5.22 (10.23) 5.25 (10.29) 
emen 37°-37.9° API _____ 5.26 5.34 (10.54 5.37 (10.61) 5.41 (10.68) 5.44 (10.74) 
Midway Sunset, 19°-19.9° API _ _ _ _ _ 4.28 4.38 (9.60) 4.41 (9.67) 4.45 (9.74) 4.48 (8.01) 
Wilmington, 24°-24.9° API  ὮὪ.. 4.63 4.73 (9.80) 4.76 (9.87) 4.80 (9.94) 4.83 (10.00) 


we lower value figures (at the left) are lower level prices. The higher numbers in (parenthesis) are the corresponding 


r level prices. 


were frozen at June 1976 levels by the Federal Energy Administration. 


Table 56.—Wholesale price index for crude 
petroleum 


(1967 = 100) 


December .... 


Average 


Source: Bureau of Labor Statistics, U. S. Department of 
Labor. 
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Table 62.—Crude petroleum: World production by country 


(Thousand 42-gallon barrels) 
Country 1974 1975 19165 
North America: 
Barbados - —- μμ ο Ü 48 128 110 
Canada ο fed ο ie ο se ο λα 2 S 616,532 520,666 488,680 
Cuba co (kt x 775 775 775 
J7ööÜà;' ũ ͤũ ² ⁰dydt y ß E 238,211 294,254 821,285 
Trinidad and Tobago „„ 68,181 18,618 11,618 
United States 8,202,585 8,052,048 2,971,686 
South America 
necne RISO μασ πας 8 151,110 144,864 145,561 
Bolivia σον dd UM E RRR a 16,603 14,732 14,856 
Brazil ete dd 88 64,151 62,166 61,026 
ο μπακ e oum EIL Ee ALLE. 10,055 8,946 8,372 
Colombia ] ð 7⅛⁊ů ◻;·; LL pet A 60,867 51,259 53,376 
Ecüsdor ο αι x:: a a LL S 68,678 58,153 68,463 
Pérü μμ als uere ed ð m ⁰y E EL 28,069 26,884 21,936 
- Venn i ee ee ue 1,086,332 856,364 839,737 
urope: 

Danla ep πετ μμ eh 15,045 15,012 *15,012 
ΙΤ uum Lese k EL 8 15,609 14,205 13,466 
Bulgaria ----------------------------- 1,095 913 4730 
e ß e eR 1,085 1,017 *949 
n ß Eu LE ise e 689 ,921 1,492 

"- ME MEHREREN 8 7,863 7,460 7,710 
Germany East. hs a %ð v ee 8 2,500 2,500 
Germany, t 44, 718 41,470 39,902 
ση πώ σα v v y y ett MI A 15,237 15,306 16,343 
Γαλ τα τας ας τι D DONDE 6,956 6,143 1,553 
Netherlands ______________________ „„ „„ „„ 10,227 9,676 10,538 
NOV WB Y ο κ e S e eA LET 12,707 ,900 101,900 
Poland —— Su n. 5. e ees y y ,080 4,103 8,876 
f u L L uuu . Re ches Ke 107,964 108,739 109,559 
/) ών οι (yu y μον 14, 334 14,822 11,552 
USSR'- ͥͥ ¹’d.ꝙſnͥ½ ę a LL tu i 3,373,650 3,608,850 3,822,000 
United Kingdom: ος ³ ee eee 3, 8,000 189,006 
%%% ²⁰˙ààààAàùmauuAAAAAA LE ] ; 0K dt 8 25, 613 27, 347 28, 739 

Africa: 
)///õ 0 ——ÉÉ— 368,189 350,158 383,816 
ANA κ uen a αμ s E E aci qa 61,892 57,943 36,764 
f eh Sie oe eee ss 22,434 18,460 14,274 
Bgypt 4-5 eee eee Cheer ee eee 353,715 384,948 120,180 
Gabon - cmo ¹⁰ -w- ⁰ . Ad ͤ d E as 13,548 81,948 82,04 
LIBVB ox het e c Eia E ,291 551,150 704,011 
Môrto: το ee Si te 191 171 
J nul cura CO . Le 823, 347 651,890 156,064 
Tunisia o κωμικών 31,841 567 600 
//)))%%))))Fõö0öGC0 0 hc ³ ³ A.. d 8 = 25 9,075 

Asia: 
Bahrain ος pp ñ ee cr LEE. 24,597 ,805 21,288 
Brune] u S Du uns amu eu ⁰o wd σα 10,838 65,932 74,424 
Bürm μμ οκ u i, eem cu enc EE 7,581 6,7 8,183 
China, People’s Republic of? _...._.__._______-___-_____ 474,500 571,590 645,897 
(οι oo ue iL oa CM 8 55,133 61,611 64,632 
Indonesia ..— . m eec I dese dic ice e LU 501,838 411,055 550,319 
)/%%))% uunc unl E e e κ A teme 2,197,901 1,952,650 ,168,231 
/ ο ET" 120,129 25,021 884,036 
õĩ§50⸗4: ũꝗ ρα ιδιο Ln rer 336,500 227,345 268 
Japan 2 ⁵« Se oh y 8 4,936 4,918 4,241 
C a eee st 929,678 761,634 785,834 
Malaysia: 

Sabah n ce ia bul ⁰ ee e E -- 18,143 

Sarawak. ẽ ũ es e IL au e SZ 2 usss, 29,537 85,714 42,404 
Oman oca et i e d oT OE 122 106,046 ,600 138,795 
Pakistan —— nns ον est d EL τς LA 2,923 2,190 2,562 
αι MN NET EON EUM RR 189,848 159,482 181,644 
Saudi Arabia? τι ο ee s s s eo 8 8,095,640 2,582,549 8,139,722 
n Arab Republic so umm mu emer eium me ee 45,852 65,930 69,685 

νι μεσω . i uuu QN E RE s= eso 1,821 ,951 1,555 
δν ιμπν ο ο 42 *42 51 
jii. ο ο τοι f σὲ CE SENS 24,555 22,167 18,585 
United Arab Emirates 

, , e Dum ee ee 516,110 511,730 ,225 

Dubül locui εώς LL ee eee ee 100,375 92,110 114,849 

„„ p ̃ ̃ p a EE De 13,870 13,540 
Australi. ß ee πι μα σας σσ 140,396 149,873 152,522 
New Zealand! ___________________________ 5555 1,885 1,428 8,716 

Total 252 cc m .¹·ſ a ea Le UM αἱ Ett 20,531,121 19,497,604 21,187,147 


*Estimate. "Preliminary. 
Includes lease condensate. 


*Estimates of Israeli production from Sinai peninsula oil fields included with Israel rather than with Egypt. 


3Data for Kuwait and Saudi Arabia include those countries’ share from the Kuwait-Saudi Arabia Partitioned Zone. 


Phosphate Rock 


By W. F. Stowasser! 


The average unit value of marketable 
phosphate rock decreased from $22.99 per 
ton, f.o.b. plant in 1975 to $19.28 per ton, 
f.o.b. plant in 1976. Although the apparent 
consumption in 1976 was similar to that of 
1975, international trade remained de- 
pressed and international prices declined, 
continuing the trend established in 1975. 
International prices were not published in 
1976. Prices were established by negotiation 
in a highly competitive market and declined 
throughout the year. 

It became apparent that in the United 
States and in the world phosphate rock was 
in more than adequate supply. Stocks in all 
producing countries increased, particularly 
in the uncontrolled and competitive indus- 
try in the United States. Although exports 
of phosphate rock declined from 1975 levels, 
integrated phosphate fertilizer producers in 
the United States continued, as they did in 
1975, to export phosphate intermediates 
and concentrated phosphate fertilizer. 

The price of phosphoric acid, triple super- 
phosphate, and diammonium phosphate in 
the export market reached levels of $450 
per ton, $350 per ton, and $400 per ton, 
respectively, f.o.b. U.S. gulf ports in. 1974. 
Prices declined sharply in 1975 and, by mid- 
1976, the export price of phosphoric acid 
was down to the order of $175 per ton, triple 
superphosphate declined to $80 per ton, and 
diammonium phosphate sold for about $100 
per ton, f.o.b. gulf ports. Integrated fertili- 
zer producing firms in the United States 
exported at these price levels into Western 
Europe and Asian markets. Fertilizer pro- 
ducers in Western Europe and Japan were 
frequently unable to compete with imported 
products from countries with a raw mate- 
rial base because both phosphate rock im- 
port costs as well as energy costs were much 
greater than pre-1974 costs. 


Estimated world production of phosphate 
rock in 1976 was 117.9 million short tons, 
about the same as the 118.3 million short 
tons produced in 1975. 

Although Morocco acquired the 19 
phate mines in the Spanish Sahara in 1975, 
production from the Bu Craa mine was not 
a factor in world supply in 1976. The con- 
veyor belt was damaged and truck trans- 
portation from the mine to the port of El 
Aaiun limited operations. It is estimated 
that Morocco exported from 15.5 to 16.0 
million short tons of phosphate rock in 
1976, an improvement over the 14.5 million 
short tons exported in 1975. 

Legislation and Government  Pro- 
grams.—Environmental regulations en- 
acted since 1969 have had a signficant 
impact on the phosphate industry. The 
National Environmental Policy Act (NEPA) 
of 1969 requires that a Federal agency 
prepare an Environmental Impact State- 
ment (EIS) prior to taking any action that 
affects the environment such as granting 
preference right mining permits or leasing 
land for mining and processing purposes. It 
is common practice for the company re- 
questing a permit to furnish all the inform- 
ation as a draft EIS. This is a major expense 
for a phosphate company and will require 2 
to 4 years to produce, to pass through a 
review process, and to obtain approval. 
During this time, the changing costs and 
selling prices in the marketplace can reduce 
the economic incentives for the company to 
proceed with a mine and plant. This ap- 
pears to be the situation that has developed 
during the past several years. Changing 
economics and shifts in the supply and 
demand for phosphate rock have made it 
likely that firms that initiated applications 
for permits to mine phosphate rock on 


1Physical scientist, Division of Nonmetallic Minerals. 
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Table 1.—Salient phosphate rock statistics 
(Thousand short tons and thousand dollars) 


1972 
United producti 126,651 
Marketable productio:nn 40,831 
"uu κ 
verege per ton A 
Sold or used by producers 756 
Value wu eit Ur λα A m ος 006 
Average per ton $5.10 
PECES 8 14,215 
PsOs content _______________ _ 4,678 
VL 22; uem edes $15,816 
15 EN oed ru. ne 
or consumptionn?t?:?é 
Plue DNO pti FFC 31,416 
Consum κ easi 3 29 545 
ion, | ig A εν UR ; 
World: Productins Sas MN ea NONE 99,281 
Revised. 
Bureau of the Census da 


ο brani cr eset. dU (uerb cata expecta 


public or private land 2 or 3 years ago would 
not proceed if the permits were granted. 

Applications to mine phosphate rock in 
the Los Padres National Forest of Califor- 
nia, the Caribou National Forest in Idaho, 
and the Osceola National Forest in north- 
ern Florida, that have been pending for 
many years were not granted in 1976. A 
task force under the direction of the U.S. 
Geological Survey completed an EIS on 
developing phosphate resources in south- 
eastern Idaho. Α final EIS on mining phos- 
phate rock in the Los Padres National 
Forest was completed in 1976. A 2-year 
study to determine the effects of potential 
phosphate mines in the Osceola National 
Forest on the aquifer's ability to supply 
water and the water demands of the two 
logical mining units was started in 1976. In 
North Carolina, the Corps of Engineers has 
delayed North Carolina Phosphate Corp.'s 
plans to develop a new mine and plant in 
order to study the issuance of dredge and 
fill permits for South Creek, a tributary of 
the Pamlico River. 

In central Florida, phosphate rock was 
mined prior to 1976 only in Polk County. 
Two mines were permitted to be con- 
structed in Hillsborough County and one of 
these was near completion at the end of 
1976. Development of Regional Impact 
(DRD statements, similar documents to EIS, 
were submitted for mines in Manatee and 
Hardee Counties, permits were not granted 


1978 1974 1975 1976 
189,718 155,847 187,516 170,097 
42,187 45,686 48,816 49,241 
667 $501,429 $1,122,184 365 
$5.66 $10.98 $22. $19.28 

45,048 48,485 ` 46,489 44, 
$254,846 $529,141 $1,052,995 $857,189 
$5.66 $10.92 $22.67 $19.19 
18,875 713,897 112,272 10,400 
4,502 4,468 3,955 8,882 
988 7$194,015 "$429,222 $272,828 
$5.98 ¥$18.96 7$34.98 $26.23 
65 182 87 51 
$1,288 $8,999 $1,604 $2,234 
$19.82 $49.45 $43.83 $43.59 
31,233 84,720 784,208 84,828 
108,823 ¥121,240 ¥118,254 117,898 


in 1976. The delay in permitting new mines 
in central Florida was further extended 
when, in May, President Ford ordered the 
Council on Environmental Quality to pre- 
pare an EIS on central Florida that estab- 
lished a moratorium on new mine develop- 
ment in this area. 

Because of rapid population growth in 
Florida, high water demand from communi- 
ties and industries, falling ground water 
levels, and deterioration of water quality, 
the State has developed one of the most 
comprehensive sets of laws and regulations 
to control development of resources. Regu- 
latory power is distributed between local 
and State governments and special districts. 
The practical effect of this State legislation 
is that the phosphate industry must deal 
with a complex set of governmental regu- 
lations, including the Florida State Com- 
prehensive Planning Act of 1972 and the 
Florida Environmental Land and Water 
Management Act of 1972. Policies affecting 
surface mining are established by these 
Acts. To strengthen the powers of local gov- 
ernments, the Local Government Com- 
prehensive Planning Act of 1975 requires 
municipalities and counties to prepare and 
adopt plans to guide development. The 
Florida Water Resources Act of 1972 estab- 
lished State and regional programs to 
manage water resources and related land 
resources, including issuing permits for 
water used in mining. Florida has 67 coun- 
ties and several hundred municipalities. By 
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Statutory authority, the local level of gov- 
ernment can be a decisive factor in in- 
fluencing the use of land and resources. 
Some counties have little or no land plan- 
ning programs, some have adopted many 
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types of land use control devices, and most 
have some type of planning and regulation. 
Analysis of local government involvement 
is discussed in a Geological Survey open file 
report.? 


DOMESTIC PRODUCTION 


Marketable phosphate rock production 
was 49,241,000 tons, an increase of 425,000 
tons or 1% over that of 1975. The value of 
the marketable rock was $949,365,000, a 
decrease of 15.4% from that of 1975. The 
average grade of ore mined in the United 
States was 11.8% P. O,, and the average 
grade of marketable rock was 30.7% P. Os, 
about the same as that of 1975. The average 
weight recovery of concentrate and rock 
marketable as mined was 28.9%, an im- 
provement over the 26.0% weight recovery 
in 1975. The average Ῥεθε recovery was 
15.4% in 1976, considerably more than the 
64% in 1975. In the United States, Florida 
and North Carolina produced 41,554,000 
tons (84.4%) of the total marketable phos- 
phate rock, the Western States produced 
5,886,000 tons (11.9%), and Tennessee pro- 
duced 1,801,000 tons (3.7%). 

Florida and North Carolina.—Produc- 
tion of marketable phosphate rock was 
41,554,000 tons, an increase of 2.196 over 
that of 1975. The value of marketable rock 
was $867,092,000, a decrease of $133,260,000 
or 13.3% less than that of 1975. 

The average grade of phosphate ore 
mined was 11% P,0, somewhat less than 
the average grade of 11.8% P. O, ore mined 
in 1975. The average grade of marketable 
rock was 31.3% P4,0, the same as the 
average grade produced in 1975. 

The average weight recovery of concen- 
trates and rock marketable as mined was 
26.490, an improvement over the average 
weight recovery of 23.4% in 1975. The 
average P. O, recovery was 75%, a signifi- 
cant increase over the P,0, recovery of 
62.2% achieved in 1975. The improvement 
in weight and P,0, recovery was attributed 
to normal operations in 1976 of mines that 


were started in 1975 and that stockpiled 
concentrate feed for processing in 1976. 

Agrico Chemical Co.; Borden, Inc.; Brew- 
ster Phosphates; Florida Agglite Corp.; Gar- 
dinier, Inc.; W. R. Grace & Co.; Internation- 
al Minerals & Chemical Corp.; T. A. Min- 
erals Corp.; Mobil Oil Corp.; Occidental 
Petroleum Corp.; Swift Agricultural Chemi- 
cals Corp.; and U.S.S. Agri-Chemicals, Inc., 
produced marketable phosphate rock from 
the Bone Valley Formation in central Flori- 
da and a similar matrix in northern Flori- 
da. Howard Phosphate Co.; Kellogg Co.; 
Loncala Phosphate Co.; and Manko Co., Inc. 
mined 29,000 tons of soft rock, a waste from 
nonoperating hard rock mines, in central 
Florida. 

In North Carolina, Texasgulf, Inc. in- 
creased mining capacity with the addition 
of a 30-inch electric hydraulic dredge to 
strip the top 40 feet of overburden from the 
phosphate deposit and a 45-cubic-yard drag- 
line. The mine, washer, and flotation plant 
capacity was increased to 5 million tons per 
year of product if operated in a single float 
mode. North Carolina Phosphate Corp., 
jointly owned by Agrico Chemical Co. and 
Kennecott Copper Corp., continued permit- 
ting procedures. All permits were issued 
except for a dredge and fill permit from the 
Corps of Engineers to deepen South Creek 
to prepare for barge traffic from the plant 
to Morehead City, the deepwater port on 
Pamlico Sound. 

In northern Florida, Occidental Chemical 
Co., a division of Occidental Petroleum 
Corp,. opened the Swift Creek mine in early 
1976, and after a temporary shutdown in 


Imhoff, E. A. An Analysi 
Governmental Programs in 


urce nt and Surf. 
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midyear, finally closed the mine at yearend 
as demand declined for phosphate rock. 
Occidental continued to operate the nearby 
Suwanee River mine. 

In central Florida, Agrico Chemical Co. 
completed the first full year of operating 
the Fort Green mine and closed the Palmet- 
to mine because reserves were exhausted. 
Construction continued on Brewster Phos- 
phates' Fort Lonesome mine and Borden, 
Inc.'s Big Four mine in Hillsborough Coun- 
ty. The Fort Lonesome mine is scheduled to 
start producing in early 1977, and the Big 
Four mine is planned to replace the Tenoroc 
mine in Polk County that is scheduled to be 
phased out in late 1977 or early 1978 as this 
reserve is depleted. C.F. Industries, Inc. 
purchased 19,555 acres of land in Hardee 
County for $101,547,592. The firm plans to 
initially produce 2 million tons per year of 
phosphate rock for its chemical plants at 
Bartow and Plant City, Fla. Farmland In- 
dustries purchased about 7,000 acres in 
Hardee County for $33.3 million. Plans are 
to mine the reserve in the 1980's. Freeport 
Phosphate Mining Co. announced a lease 
agreement with Limestone Land Co. to 
mine 6,200 acres in Hardee County. W.R. 
Grace completed construction of a new 
beneficiation plant near Bradley Junction, 
Fla. The Hooker Prairie deposit will be 
mined and treated at this new plant. In 
addition to the noted land acquisitions, 
Gardinier, Inc.; Mississippi Chemical Co.; 
Mobil Chemical Co.; United States Steel 
Corp. and International Minerals & Chemi- 
cal Corp., all purchased substantial acres of 
phosphate land in Hardee County. 

Western States.— Production of market- 
able phosphate rock was 5,886,000 tons, 
similar to the 5,825,000 tons produced in 
1975. 

The value of marketable rock decreased 
to $67,746,000, 27.2% less than the value in 
1975. The average grade of mined phos- 
phate ore was 22.3% P. O.. The average 
grade of mined phosphate rock used with- 
out beneficiation was 26.2% P. O,. The aver- 
age grade of beneficiated rock was 31.8% 
P,0,. The average grade of all marketable 
rock was 28.1% P. O.. Of the total phosphate 
rock produced in the Western States, 65.9% 
was used directly and the balance, 34.1%, 
was beneficiated product. The weight recov- 
ery of the combined beneficiated concen- 
trates and rock used as mined was 64.6% 
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and P. O, recovery was 81.1%. 

Beker Industries Corp., Monsanto Co., 
J.R. Simplot Co., and Stauffer Chemical Co. 
mined and processed phosphate rock in 
Idaho. In Montana, Cominco American, 
Inc., recovered phosphate rock from under- 
ground mines near Garrision. Stauffer 
Chemical Co. mined phosphate rock in Wyo- 
ming and in two areas in Utah. Jon-T 
Phosphates, Inc. mined some phosphate 
rock in Van Buren County, Ark. Meramec 
Mining Co., Sullivan, Mo., recovered apatite 
concentrate from Pea Ridge iron ore mine 


During the year, Beker Industries Corp.’s 
Maybie Canyon mine and fertilizer complex 
at Conda, Idaho, was closed when demand 
for fertilizer in the Western States declined 
in June of 1976. Jon-T Phosphates, Inc. also 
suspended production indefinitely when de- 
mand for phosphate rock slumped. Α draft 
EIS, “Development of Phosphate Resources 
in Southeastern Idaho," prepared jointly by 
the U.S. Department of the Interior and the 
U.S. Department of Agriculture, presented 
an analysis of the broad cumulative impacts 
of existing and proposed phosphate resource 
development in southeastern Idaho, as well 
as an analysis of specific applications pend- 
ing before the Federal Government. The 
final EIS had not been issued by the close of 
the year. No new mines were developed in 
the Western States in 1976. 

Tennessee.—Production of marketable 
phosphate rock was 1,801,000 tons, a de- 
crease of 490,000 tons or 21.4% less than 
reported in 1975. The value of the market- 
able rock decreased from $28,803,000 in 
1975 to $14,527,000 in 1976, a decrease of 
49.6%. 

The average grade of mined ore was 
20.4% P4,0,, the average weight recovery of 
concentrates was 54.1%, and the recovery of 
P4,0, was 68.1%. A small quantity of phos- 
phate rock was used in electric furnaces 
without beneficiation. The average grade of 
phosphate rock that was beneficiated and 
used directly was 25.8% P. Os. 

Hooker Chemical Co.; Μ.Ο. West, Inc.; 
Monsanto Industrial Chemicals Co.; and 
Stauffer Chemical Co., mined and processed 
phosphate rock in Tennessee for roduction 
in electric furnaces to elemental phospho- 
rus. The Tennessee Valley Authority closed 
its phosphate mines in Tennessee and its 
electric furnaces at Muscle Shoals, Ala. 
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Figure 1.—Phosphate rock (sold or used), apparent consumption, and exports. 
Table 2.—Production of phosphate rock in the United States, by State 
(Thousand short tons and thousand dollars) 
Mine production Mine en ο... Marketable production 
P20 P20 P20 P205 
Rock content Rock content Rock content Rock content Value 
1975: 
Florida and | 
North Carolina 173,761 20,493 28 6 40,671 12,748 40,699 12,754 1,000,852 
Tennesse 4,052 808 283 67 2,008 520 2,29 588 28,808 
Western States:: 9,702 2,182 8,138 834 2,687 852 5,825 1,686 93,029 
Total? ______ 187,516 23,488 83,449 907 45,366 14,121 48,816 15,028 1,122,184 
1976: 
Florida and 
North Carolina 157,646 17,341 29 6 41,525 12,995 41,554 13,001 867,092 
Tennessee 3,332 681 50 12 1,751 452 1,801 464 14,527 
Western States! _ _ _ 9,118 2,037 3,877 1.014 2, 009 638 5,886 1,652 61 746 
Total? ______ 170,097 20,060 3,956 1.032 45,285 14,085 49,241 15,118 949, 365 


Includes Arkansas, California, Idaho, Missouri, Montana, Utah, and Wyoming. 
Mata may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Apparent consumption of marketable 
phosphate rock, defined as the quantity sold 
or used plus imports minus exports, increas- 
ed only 125,000 tons to 34,328,000 tons in 
1976. According to producers' reports, the 
quantity of phosphate rock sold or used in 
1976 was 44,677,000 tons, a considerable 
reduction from the 46,439,000 tons sold or 
used in 1975. Of the total sold or used in 


1976, 76.7% was consumed domestically and 
23.3% was exported. 

The consumption pattern as reported by 
producers is shown in table 3. Of the total 
sold or used, including both domestic and 
export markets, the distribution pattern in 
1976 for the domestic segment was wet- 
process phosphoric acid 58.3%, normal su- 
perphosphate 2.6%, triple superphosphate 
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8.4%, defluorinated rock 0.7%, direct ap- 
plications 0.1%, elemental phosphorus 
11.1%, and ferrophosphorus 0.5%, for a 
total of 76.7% or 34,277,000 tons. 

The percent distribution by grade of mar- 
ketable phosphate rock consumed in the 
United States and sold in the export market 
in 1976 is compared with the distribution 
patterns in 1974 and 1975 in the following 
tabulation: 


Distribution (percent) 
G t BPL? t 

rade, percent BPL* conten 1914 1578 1916 
Less than 600 5.6 9.4 1.8 
60 to 688 20.8 14.7 14.6 
060010 σος 42.0 48.4 58.8 
101012... ος 12.2 10.8 9.4 
/ sec 11.6 10.7 8.8 
r4 oo 7.8 6.0 6.1 


11.099 BPL (bone phosphate of lime or tricalcium 
phosphate) = 0.458% Ps0s. 


Florida and North Carolina.—The quan- 
tity of phosphate rock sold or used de- 
creased from 37,921,272 tons in 1975 to 
37,392,197 tons in 1976. Of the total sold or 
used in 1976, 74.1% was consumed domes- 
tically and 25.9% was exported. Of that 
consumed  domestically, 24,311,000 tons 
(87.8%) was used to produce wet-process 
phosphoric acid, 1,141,000 tons (4.1%) for 
normal superphosphate, 1,450,000 tons 
(5.2%) for triple superphosphate, 319,000 
tons (1.2%) for defluorinated rock, 38,000 
tons (0.1%) for direct applications, and 
451,000 tons (1.6%) for elemental phos- 
phorus and ferrophosphorus. 

The percent distribution by grade of the 
marketable rock sold or used from Florida 
and North Carolina in 1974, 1975, and 1976 
is shown in the following tabulation. Ex- 
ports are included in this distribution pat- 
tern: 
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Distribution (percent) 
Grade BPL? 
> Percent Ef L. content 197 1978 1576 
Less than 600 0.2 0.1 0.2 
60 to 66 —— „ 17.0 14.8 18.4 
86 to 7000) 47.2 55.0 60.2 
70 to 7111272) 14.3 11.2 11.2 
Eo 11.9 11.5 7.7 
Over74____ ß 9.4 7.4 7.8 


11.0% BPL (bone phosphate of lime or tricalcium 
phosphate) = 0.458% P205 


Western States.—The quantity of market- 
able phosphate rock sold or used decreased 
from 6,124,140 tons in 1975 to 5,376,922 tons 
in 1976. Of the total sold or used in 1976, 
86.6% was consumed in the United States 
and 13.4% was exported. 

Of that consumed in the United States, 
expressed as a percent of the total sold or 
used from the Western States, 1,718,768 
tons (32.0%) was used for wet-process phos- 
phoric acid, 41,000 tons (0.8%) was used for 
normal superphosphate, 53,000 tons (1.0%) 
was used for triple superphosphate, 6,000 
tons (0.1%) was used for direct applications, ` 
2,754,299 tons (51.2%) was used to produce 
elemental phosphorus, and $85,185 tons 
(1.6%) was collected in ferrophosphorus. 

The percent distribution by grade of mar- 
ketable rock sold or used from the Western 
States in 19774, 1975, and 1976 is shown in 


the following tabulation: 
| Distribution (percent) 
G ; t 1 —— 
rade, percent BPL* content 19714 1918 1976 
Lees than bob 35.8 38.8 81.1 
t000. aw A ee 22.5 13.2 18.5 
66 to 70) 23.5 25.9 28.5 
to ως ος 8.5 12.2 — 
141014 — — . πα ας 14.3 9.9 5.8 
JJ NEIN, 0.4 Em ΗΕ 


11.0% BPL (bone phosphate of lime or tricalcium 
phosphate) = 0.458% P20s. 
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Tennessee.— The quantity of marketable 
phosphate rock sold or used declined from 
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1974, 1975, and 1976 is compared in the 
following tabulation: 


2,393,000 tons in 1975 to 1,908,000 tons in 
1976. All of the rock was used in electric 


| Distribution (percent) 
furnaces to produce elemental phosphorus Grade percent BPL content — Z 1976 
and industrial chemicals. Most of the ele- 
mental phosphorus was converted into [Lemthan@0___ —— -- ο. “age. Ma 
phosphoric acid, the base for sodium and 7 τι NE ει 11 
calcium phosphates and anhydrous deriva- 12% -- -- -- 
tives. Over 144. E de d 


The percent distribution by grade of mar- 11.0% 
ketable rock sold or used in Tennessee in 


Table 3.— Phosphate rock sold or used by producers in the United States, by use 


(Thousand short tons) 
1975 1916 
Use Pal P05 
Rock oem Nook content 
EE a hosphoric acid 25,543 7,891 030 8,019 
process phosphoric acid i , 080 , 
Normal su hate 1.017 315 1,182 
Triple eee ee PFC 1.627 535 1,508 487 
uorinated rock 112 59 819 106 
Direct application 185 39 44 9 
Elemental phosphorus... -.-..-..-- -..-. Τ5 418 "1411 4,978 1,298 
Ferrophosphorus ....... .. -.- -....... -... -... 1255 d 220 57 
Total! 2 LLL LLL ccc _ _ __ 84,167 10,815 94,211 10,845 
22 K 8 12,212 3,9 10,400 9,832 
Grand total 46,489 14,270 


Revised. 
Data may not add to totals shown because of independent rounding. 


Table 4.—Phosphate rock sold or used by producers in the United States, by grade and 
State in 1976 


(Thousand short tons and thousand dollars) 


Florida and North Carolina Tennessee 
Grade, percent BPL! content P30 Ps0s 
Rock content Value Rock Sorten Value 

Below 60 __ ³·˙·¹¹ ELS LuCo 83 20 1,848 1,376 342 9,573 

ο αμα μωρο 5,006 1,439 110,587 W W W 

ο ο τς το νο e cue A 22,523 6,930 428,951 W W W 

1010420 — Lu eS T uE 4,188 1,861 86,798 Sm s aa 

/ ð˙ͥ1o W W W τὶς κος κο 

Plu ea a et So eds etd oo W W W me εν =e 

Total coo eo Dun 37,992 11,658 115,096 1,908 494 15,926 

Western States Total United States 
P305 P30 
Rock content Value Rock content Value 

Below 60 ß κος εσείς 2,030 504 16,163 8,489 867 21,585 

60to66 _-___________ 2222-2 W 6,510 1,861 126,604 

r ³⁰³o0 W 24, 079 7, 408 461,216 

1000 12 uD u ος ος ee T -- eis 4,188 1,861 86,798 

C/ AAC W W W W 

Phs T£ ο το mſ ⁰⁰¼¼tv 88 os "P E W W W 

C7777 Ec eL? 5,971 1,525 66,761 44,611 18,677 857,189 

W Withheld to avoid disclosing individual company confidential data, included in total. 

1Bone phosphate of lime, Cas(P04)2. 


Mata may not add to totals shown because of independent rounding. 
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Table 5.—Phosphate rock sold or used by producers, by use and State 


(Thousand short tons) 
Florida and Total! 
Ps0s Ρα0 P20 P05 
Rock content Rock content Rock content Rok content 
1975 
Agricultural 26,397 8,199 — 9091 670 28,494 8.588 
Industrial 390 115 2,393 617 2,890 745 5,678 1,477 
Ill ee 126, 787 8,284 2,393 617 4,987 1,415 84,167 10,815 
Export 11,135 3, 610 κο ES 1,137 845 12,272 8,955 
Total! 37,921 11,894 2,398 617 6,124 1,760 46,489 14,270 
1976 
Domestic: 
Agricultural 21,259 8,412 us. ERE 1,820 578 29,079 8,990 
Industrial 451 132 1.908 494 2,839 729 5,198 1,855 
Total 27,710 8,544 1,908 494 4,659 1,808 $4,277 10,845 
Export?“ 9,682 3,114 ENT lx 718 217 10,400 8,832 
Totaal!!! 87,892 11,658 1,908 494 5,377 1.525 44,611 18,677 
"Revised. 
Data may not add to totals shown because of independent rounding. 
Exports reported to Bureau of Mines by companies. 
Table 6.— Florida phosphate rock sold or used by producers, by type 
(Thousand short tons and thousand dollars) 
Land pebble! Soft rock Total? 
Y Value Value Value 
car P305 P205 P205 8 
Rock content Total ped Rock content Total € Rock content Total ip^ 
per per ton per 
1972___ 86,913 11,863 188,205 $5.10 21 4 121 $5.87 36934 11,868 188,326 $5.10 
1973___ 36,894 11,716 205,328 5.51 22 4 154 7.00 36,916 11,720 205,482 5.51 
1974... 39,879 12,547 436,587 10.95 41 8 571 18.98 39,920 12,555 437,158 10.95 
1975___ 87,898 11,888 926,818 24.46 28 6 503 17.96 37,921 11,894 927,816 24.45 
1976___ 37,360 11,652 774,517 20.73 32 7 580 18.12 892 11,658 775,096 20.78 


Includes North Carolina. 
*Data may not add to totals shown because of independent rounding. 


Table 7.—Tennessee phosphate rock sold or used by producers 
(Thousand short tons and thousand dollars) 


P20 Value 

Year Rock 5 

tent Average 
Te Total per ton 

1 Se E 2,240 587 11,188 $4.99 

19718 oo aya Q Lolo C K 8 2,665 699 18,812 5.18 

νι. .----.------..α-------.-ᾱ EROS KC PHP εώς 2,607 708 š 7.90 

DI 3e μμ μμ ώς 8 2,893 617 29,921 2.50 
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STOCKS 


Stocks of marketable phosphate rock in 
the United States increased from 9,946,045 
tons at the beginning of the year to 
15,181,760 tons at yearend. At the end of 
1976, inventories reported were larger than 
in prior years. It was the second consecutive 
year of a significant increase in inventory 
levels. 


In Florida and North Carolina, stocks 
increased from 8,533,323 tons at the begin- 
ning of the year to 13,296,312 tons at year- 
end. In Tennessee, stocks declined from 
307,364 tons to 280,567 tons during the year. 
Stocks in the Western States increased from 
1,105,358 tons to 1,604,881 tons during the 
year. 


PRICES 


The prices of phosphate rock sold in 
either the domestic or export markets were 
not published. The selling price, negotiated 
between the producer and consumer, is not 
public information. Although some pro- 
ducers publish price lists, contractual prices 
are not required to follow published prices. 
An indication of domestic price levels for 
phosphate rock was published in the Chemi- 
cal Marketing Reporter. Table 8 shows 
prices for Florida land-pebble phosphate 
rock at the end of 1976. 

Α similar price tabulation was not avail- 
able for phosphate rock produced in other 
parts of the country. Phosphate rock in 
Tennessee is normally used in local electric 
furnaces as is a large part of the production 
from the Western States. Some phosphate 
rock from the Western States enters the 
merchant rock market but not in quantities 
comparable with those from Florida. Most 
of the production in North Carolina is 
captively consumed by Texasgulf, Inc. and 
converted into higher value products. 

The producing companies report the 
grade and value? of marketable phosphate 
rock semiannually to the Bureau of Mines. 
The average 1976 unit value of marketable 
rock reported by producers, and estimated if 
unspecified, was $19.28 per ton f.o.b plant, 
16.1% less than the $22.99 per ton value 
reported in 1975. The average unit value of 
land-pebble rock reported sold or used in 
the domestic and export market from Flori- 
da and North Carolina decreased from 
$24.46 per ton in 1975 to $20.78 per ton in 
1976. The average value of all marketable 
rock sold or used from Florida and North 
Carolina, including soft rock was also $20.73 
per ton. In the Western States, the unit 
value of marketable rock sold or used 
decreased from $15.64 per ton in 1975 to 
$12.42 per ton in 1976. The unit value of 


marketable rock sold in Tennessee declined 
from $12.50 per ton in 1975 to $8.03 per ton 
in 1976. 

The average unit value of phosphate rock 
exported from the United States decreased 
from $34.98 per ton in 1975 to $26.23 per ton 
in 1976, a 25% decrease. The unit value οἱ 
marketable rock exported from Florida and 
North Carolina decreased from $36.57 per 
ton in 1975 to $26.34 per ton in 1976. The 
unit value of phosphate rock exported from 
the Western States increased from $19.32 
per ton in 1975 to $24.84 per ton in 1976. 
Tennessee rock was not exported. 

The Phosphate Rock Export Association 
published an export price schedule effective 
January 1, 1976. This schedule is shown in 
table 9. Although the Phosphate Rock Ex- 
port Association did not publish new price 
Schedules during the year, price roductions 
were made in April and December 1976. 
Estimates of the price schedules are also 
shown in table 9. Price estimates are aver- 
ages as each contract is independently nego- 
tiated between buyer and seller and adjust- 
ments for factors other than grade are 
normal. 

Early in 1976, the Office Cherifien des 
Phosphates of Morocco published phosphate 
rock price schedules that were to be ef- 
fective as of January 1976. These are shown 
in table 10. International phosphate rock 
price erosion that began in 1975 continued 
into 1976 and, as the year progressed, Mo- 
roccan export prices declined to the esti- 
mated levels shown in table 10 at yearend. 

At the end of 1976, international demand 
for phosphate rock was weak and a further 
decline in prices appeared certain early in 
1977. 


*Value, if sold, net selling price f.o.b. plant, or, if used, 
estimated value from comparable selling prices or devel- 
oped price; that is, cost plus overhead and profit. 
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Table 8.— Prices of Florida land - pebble 
phosphate rock, washed, dried, unground, 
in bulk, carload lots, f.o.b. mine 


(Per short ton) 

Grade, percent BPL! content Price range 
CCC 384. 00-887. 00 
r ³»˙ RR 30.00- 32.00 

„ MEE RP EL λαο 2 Su 24.00- 26.00 
/// AAA 19.00- 21.00 

11.0% phosphate of lime or tricalcium 
phosphate) 0.45896 PsOs 


Source: Chemical Marketing Reporter, v. 211, No. 1, Jan. 
8, 1977, p. 58. 
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Table 9.—Phosphate Rock Export 
Association price schedule, per meire ton, 
unground, f.o.b. vessel Tampa Range or 
Jacksonville, Fla. 


Grade, t January 


percen April 
BPL? content 19165 


19163 19163 
πι... $47 yu $34 
12 ! 41 39 82 
70 -------- 31 36 90 
68 ________ 83 88 28 
8 90 90 26 

11.0% phosphate of lime or tricalcium 
phosphate) = 0.458% PsOs 


price plus 55 cents per metric ton severance 


Table 10.—Moroccan phosphate rock 
export prices,’ per metric ton, f.a.s. Safi or 
Casablanca 


Grade, percent BPL? January December 
content 1976 1976 

C 351.50 $41.00 

16% ..----- 48. 87.00 

" 710% `... 46.00 32.00 

70% ο... 43.00 30.00 

1 55 cents per metrie ton loading charge. 

0% BPL (bone of lime or tricalcium 

ως. 0.458% PsOs. 


Source: Office Cherifien des Phosphates. 


FOREIGN TRADE 


Phosphate rock producers reported 
10,400,000 tons were exported in 1976, a 
decline of 15.3% from the 12,272,000 tons 
exported in 1975. Of the total exported in 
1976, 93.1% was shipped from Florida and 
North Carolina and 6.9% originated in the 
Western States. Exports of phosphate rock 
from Florida declined, phosphate rock ex- 
ports from North Carolina are either small 
tonnages or not a factor in this market, and 
exports from the Western States declined 
36.8% compared with exports in 1975. 


The average calculated unit value of ex- 
ported phosphate rock in 1976 was $26.23 
per ton, a significant roduction from the 
comparable value of $34.98 per ton calcu- 
lated from reported tons and value in 1975. 

The United States imported 51,000 tons of 
phosphate rock in 1976, somewhat more 
than the 37,000 tons imported in 1975. The 
unit values in 1976 and 1975 were $48.59 
and $43.83 per ton, respectively. Most of the 
phosphate rock was imported from the 
Netherlands Antilles. E 
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Table 11.—U.S. exports οἵ phosphate rock, by country 
(Thousand short tons and thousand dollars) 


1975 1976 
Destination 
Quantity Value Quantity Value 
Florida phosphate rock: 

Do μαμα d nt 28 107 4,178 
Belgium-Luxembourg _____________________ 709 29,641 827 26,610 
Brail 2. r˙² gf ⁰ydʒp e Sec E 561 24 711 ; 

)!. x Ju 2,623 67,361 1,970 41,566 
e nnp 29 1.878 a = 
Colombia 48 18 573 
Costa Rica ............................................. ΚΒ ci 12 
Ecuador — Sa ne. 8 16 22 704 
El Salvadooe rk 5 17 12 
ο... NN SOMIT EPI eh κι. 512 19,133 589 16,480 

DU Ac——— mr E A SON Pa 18 401 

e . . eee 589 20,136 14,085 
CC ¹iů ĩ².1Ä¼ꝶ. ⁰0w r K 8 249 9, 655 261 11,218 

)J) 8 415 23, 614 805 9,849 
Ireland —— μμ ο ο sm y eic TN m 25 
CöÄÜ r ος ας ανα ο ee. cs Ram E 8,540 105 8,157 
0 ˙⁵˙¹ A c tc ͤ 1.842 80,721 1,516 53,31 
Korea, Republic ff 670 80,538 763 80,059 
MC eu i 1,047 40,141 434 12,378 
Netherlands s 12 m 7 "f 2104 

e ß AE 
Peru σκι μμ αυ LE P ee 11 495 6 184 
Philippinessssssssssss 144 7,232 2,950 
pan Eee ae Aa Saat SAE 8 466 19,662 219 6, 
NU! 8 144 6,216 169 4,926 
ο τι äqkza d é 52 1,1 18 
Sweden ooo ee 8 69 2,987 113 8,876 
Switzerland |... _ LL LLL LLL = ΚΗ 
| «enna no ↄↄↄↄↄ . ave 16 1,727 
United Kingdom ......... _ 2 129 5,673 181 5,416 
Other ο ο ο ⁰⁰ mts ß 8 1 

Total au ah ο ο eL a 11,321 424,924 9,985 800,052 

Other phosphate rock: 

Dn? CE DR 5 100 -- ΕΡΕ 
ium- Luxembourg -— ΚΕ 12 814 
J. EUM 19 444 71 2,068 
λε. σα DOE DE ο νι pt yD, 930 21,241 148 18,402 
))) 8 11 697 "ud E 
Dominican Republi „ (2) 2 ts p 
El Salvador ________________________ Lll 6 883 . uns 
Frane s- Ds e xx 88 8 50 85 620 
Germany, West |. |. t 16 218 88 1,568 
“eso s aa cider ο ο ο αν R 98 get (2) 10 
ADEM o oo MES icut 

Mexico — ec mts ee Se 3) 4 (2) 
Netherlands 223 8,483 36 1,647 
„ d eee (2 20 ae MS 
Poland. ß ter umum Fhe WS af 32 804 
Romania —— ο ο rc S S )t te S ας. οκ. 64 1,845 
Taikan μον . a sl yt 8 600 "^ .- 
Venezuela n o e e ccce οκτώ: ee (2) 2 (2) 5 
ο y ce AE 88 1 28 8 72 
Total; t ma UA Ue ας ο αν 1,285 86,629 1,084 27,858 
Grand total 12,606 461,558 11,019 821,410 


Includes colloidal and sintered matrix, Tennessee, Idaho, Montana, and soft phosphate rock. 
2Less than 1/2 unit. 
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Table 12.—U.S. exports of superphosphates, by country 
(Thousand short tons and thousand dollars) 


1915 1976 
Quantity Value Quantity Value 
1 l ο ας ες at is se i ye AA ESAE E E 45 2,959 
8 JJ ³oðü o¹wꝛ ³ 5m ð 5 1.700 4 852 
Bangladesh 61 8 80 9,199 35 T 
Belgium-Luxembourg __________________________ 16 1,814 36 2760 
JJJJ!õͤͤõͤõͤĩͤĩ]ð5ð;Eͤdd ðͤ d u oni ος P 877 55,701 407 $0,365 
eee . μμ ß 69 5,410 56 4.928 
αυ ους αι σεν ο κ σι τος E 67 19, 92 7,406 
U c V o e  a,X, ->=> 18 5 579 
ö d omae d MER amm e 2 525 9 808 
ο e S τ E 815 A B 
Ecuador __ _ _ kékkkõuʒꝛ .. () 4 (2) 1 
foo si as το ης υπο 4 120072 
777 õĩ5ͤ- ⅛ -f ⁰ . ] v.. 7... 1 
Germany: 
2 :!:. 6 722 4 419 
» oL o onu ovid es See ερ 40 4,488 107 9,941 
)J ↄ ſ ⁵ ονομα 88 6 1,800 1 79 
Hungary τ 5 0 6,989 iP 18,688 
Tna - 99 26,595 Ve I 
Ireland___________________________________ te, 2: 27 1,906 
τιν zc eee ( 88 29 2,994 85 2,787 
JAmAICR S eS E gee 3 447 2 154 
JEDER n u S ⁰ ˙ꝛA.. 8 13 2,986 44 8,064 
Korea, Republic of ~- —— - “ 16,121 © 1 
Netherlands u s 6 410 
New Zealand `- (1) 12 (1) 4 
r L ORENSE Du us G u se aan ΗΝ 1 58 
PADBHIE ooo as ig τας: zu 2 289 
oe nu EE Lui ei EN 12 8,996 E er 
ieee, ft. ß με 1 211 PON M 
85 — Á— — τα. —  — 1— — m— o — SS SS — i —- --— e -—— — C τοῦ da e —— —- — e — P — 85 8,684 3 878 
P Ln Le uu ee D LL AL B ETE 
cà VVV EPA EAO 6 141 i 1202 
Sri Lanka _________________________________ 8 2,051 μα zr 
λα ον πο μμ uu LL uetus μμ 8 8 2 189 
United Kingdom co 2. ccc c Le Oo e sss 12 1,177 í iM 
Venezuela J 8 13 3,080 d is 
6 oou ee y E na A 
ο κ x ß ene aste LE S S 6 1,601 8 504 
Toal u z u Z πώ τς Tm 71,166 T192,898 1,834 110,885 


r Revised. 
1Less than 1/2 unit. 
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Table 13.—U.S. exports of ammonium phosphates, by country 
(Thousand short tons and thousand dollars) 


e 1975! 1976 

Destination — imk d [sd 

Quantity Value Quantity Value 
TCC uc mene 7,056 2,928 
— * ἃ DE 
Australia τος NEM LLLI ερ 3 4857 ES 96 

Belgium-Luxembourg —— —— — a — Bra " , 
Bolvi cce ο saec ect y 1 284 (3 54 
ντ μπι u σωμα h A 462 71,124 851 86,564 
/JJõ40D et Lu LE Ed E LE 92 12,811 125 18,849 
Chile μαμα m c. nda ta EE 87 12,229 4 476 
Colombia |... LL ee 6 1,858 3 2 
ο σι ο πο os 22 — 3981 12 — 146 
Ecuador ..........--.------------------------ 20 6,998 το x 
Em s „ 3 wu 
„ ----------------------------- 161 28,188 261 82,282 
ιτ κ Ò 90 2 824 
Indi o ος ως ο Ὡς ο ο e E 559 159,826 iu ES 
Iüdonsda e nui uei LI 88 22,916 SUR τοῖς 
WPAN ο E ος κ ο ß ος ος αν 141 46,996 8 250 
Ireland... ος ο uua e uteri EE mua SSS a em 13 1,280 
ligl$g sha pe a y y δρ NE 826 51,895 49,805 
Ivory COME. oe TT... ͤ K n S 990 
Jpg. o oc ες σος LU M LLL E iE τ pte 155 17,168 
ρα τ: Ὁ Ὁ ( s 28 4,520 ae d 
T UM" ος S ας ιο PP RUE mm E 7 775 
lll oec ος ο μονος πώ uem EN = 8 858 
ö§Ü— e οκ uL in i ed E 88 (5) 9 
Mew Zealand ——————————— 11 215 p E 
Panlo ο ο G a 6 854 298 34923 
PARADA z c uuu rs Zar ³⅛2³AAꝛꝛ mm c D LI 2532 3 1 εὖτ mo 
Philippine 11 14728 κα = 
Portugal Kacki fr 16 2988 8 879 
Spain τ 22 8,882 89 8,788 
πας Z ο κος es Sa Lu ae = = 17 1,677 
Thalénd -zoi u ³Üͤ⁰⁰p ³⅛ -K ee mS E 50 10,115 12 1,890 
πο 11 5 ....----- ji 60 2 288 

nited Kingdooromnmnmn „ 

e ß κ ως Su 20 4,481 66 5,124 
Vietnam, South 44 13 8,018 D HN 
Yugoslavia 652 l | ως ⁰0 mt κα š -- 122 12,295 
GG] ² hh et a ĩͤ ue ee 15 8,109 4 566 
TOM ο ο ρόδο» 2,422 582,274 2,406 269,855 
Beginning January 1, 1975, ammonium phosphates became diammonium phosphates and ammonium phosphate 


3L ess than 1/2 unit. 
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Table 14.—U.S. exports of mixed chemical fertilizers, by country 
(Thousand short tons and thousand dollars) 


ΚΝ 1975 1976 
Quantity Value Quantity Value 
AUNT κκ usc k d su l Xs. A ELA 2 147 
Bahamai 2 oc oa e é 8 τα -- 6 792 
Belgium Luxembourg (4) 12 20 1,718 
OON a TENET RCRUM 88 T 1,181 15 2,047 
HEC EE ONES P οἱ πο ος ο ία ος 119 10,424 85 10,289 
Colombia ---------------------------------—- 45 12,177 (1) 196 
Costa Ricoackkk „„ (1) 19 
Dominican Republii 8 1,978 6 867 
Ecuador 2. ule . ο οκ ee ΕΒ ΕΠ 8 277 
El Salvadoonỹrrurrrrrrr „„ 4 560 12 1,826 
ων οι μπα Fa ⁰⁰d yd ʒ 1 100 6 692 
Germany, West __ _ _ ----- 4 1,780 8 2,382 
ει l . x vy ey ENS wis 11 1,197 
)%Co0( ae eats ee (4) (3) 122 
Ουδἰθπιαὶα.................................................-.-...... 9 1195 1,279 
CONTANDO UNDO SON NM ͤ . SS s 11 1,266 (1) 16 
SEDAN. το e αμάν ο uui ieee 4 (3) 183 
ace Zealand foo A eee ees (3) n : a 
pa ee ο κος 12 2,252 5 699 
Bwedst d ̃ p E. ey Ll 17 1,418 
Thailand -——-. 522-5212 αν y όσο Lec 9 1,448 24 189 
United Kingdom .....................-.--------------------.-----------.-- (4) 51 1 118 
Vietnam, Suit 6 1 98 
)))) μασ ον αμ 15 3,122 7 1,832 
77 Lieu e LL A IAE LI s 824 40,695 242 80,284 
111905 than 1/2 unit. 
Table 15.—U.S. exports of elemental phosphorus, by country 
1975 1976 
Destination Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
% -wrr-w ee She Ie ιο τω 2 600 $1,121 ey κα 
— on 1 1 B UU 
um-Luxembourg _________________________ 
6111 pp ß νο ο 66 66 8,853 8,470 
BODIE Y AO op y 1,638 1,095 4,935 4,161 
Chili: — ο ατα ⁰¹ ce σε. LL Ce CE 45 1 
Ἐν ο το ει ως ον om SERE τος των 426 515 221 239 
ο ο οὕτω ο ος A λος στὰ 156 800 = EUM 
OD es nae ο μασ TI SEHR 8 xs ἘΠ 12 5 
Germany, West .......... - -.-..-- -----.-----------------.---------- 149 110 T" PN 
EC οσο εν ο ος a 8 441 661 EN t 
Dares]. τν το c coe y cie rr E MEET * 26 11 55 24 
Mah e μηκών πο πως 112 198 45 
JÉDEDR OG ] — m ĩð h p CL ß 8 3,792 3,263 5,526 6,818 
Mexive το ο pp 086 25,336 14,232 14,993 
OO: oes ee —— ———— — É— M 9 9 
Netherlands... s e 20 
Switzerland ..............-..........---------.---- ἜΝ aes 16 T. 
United Kingdom mn „„ 1,893 2,217 85 36 
))) f(õã οκ ta s 9 8 
77 (êé —P ος eL Le 85,845 86,659 29,088 80,887 
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Table 16.—U.S. imports for consumption of phosphate rock and phosphatic materials 
(Thousand short tons and thousand dollars) 


Fertilizer 


Phosphates, crude and apatite 
fertilisers sa saras š 


perii 


"Revised. 
!Less than 1/2 unit. 


1975 1976 
Quantity Value Quantity Value 
"E 1,604 2,294 
x 147 26,970 47 6,681 
MN 803 150,622 212 26,986 
NON 8 1,108 8 689 
d () 1 177 
ΡῈ (3) 1 ος 
x 8 43 (3) 17 
AH 1 1,615 1,604 
EI 1 231 (4) 149 


WORLD REVIEW 


Phosphate rock producing countries have 
developed beneficiation systems for their 
particular type of phosphate deposits to 
raise the P. O, content of the concentrate to 
levels acceptable for production of phos- 
phoric acid and conversion into fertilizer 
end products. Dried concentrates were ex- 
ported from producing countries to support 
fertilizer industries in areas that do not 
have phosphate deposits of commercial val- 
ue. This pattern of production and distribu- 
tion appeared to be changing as producing 
companies and countries were increasingly 
processing the concentrates into phosphoric 
acid, which can be exported, or utilizing the 
phosphoric acid to produce monoammo- 
nium phosphate, diammonium phosphates, 
or granular mixed fertilizers for export. The 
vertical integration of phosphate rock pro- 
ducers, as typified in the United States, was 
expanding into other phosphate producing 
countries. Tunisia was the first North Afri- 
can country to produce phosphoric acid at 
Gabes. Other producers that have tradi- 
tionally exported phosphate rock planned to 
establish fertilizer plants; these included 
Algeria, Morocco, Jordan, and the Republic 
of South Africa. It now appears that the 
past practice of processing phosphate rock 
into fertilizer close to the consuming mar- 
ket in industrialized countries is changing 
to increased vertical integration of the in- 
dustry in the countries with a raw material 


Australia.—BH South Ltd., has outlined 
phosphate reserves in northwest Queens- 
land totaling over 2 billion tons of phos- 
phate rock with an average 17.1% P. 0. 
content. The deposits are all located in the 
Georgian Basin. The southern most deposits 


at Duchess and Ardmore are of immediate 
interest and Queensland Phosphate Ltd., a 
wholly-owned subsidiary of BH South Ltd. 
mined direct shipping ores from the 
Duchess deposit. The central reserves of the 
Lady Annie and Lady Jane deposits are 
north of Mount Isa, and further north are 
smaller reserves of Highland Plains, Bab- 
bling Brooke Hill, Mount O’Conner, Mount 
Jennifer, Phantom Hills, and Riversleigh. 

With completion of the 42-mile railroad 
extension to the Duchess deposit, shipments 
from the mine to Townsville were expected 
to attain a rate of 1 million tons per year in 
1976 and 2 million tons per year by 1978. It 
is not likely that the Lady Annie or Lady 
Jane deposits will be developed-until the 
early or mid-1980's.* 

Brazil.—Industrial production of phos- 
phate rock is presently limited to the Serra- 
na S.A. de Mineracáo installation at the 
Jacupiranga mine and the Camig plant 
close to Araxá. Only at the Jacupiranga 
mine, 250,000 tons per year, is a concentrate 
suitable for production of phosphoric acid 
produced. From the Barreiro mine in Araxá 
rock is ground for direct application, 40,000 
tons per year, and the balance, 30,000 tons 
per year, is sold for reduction in an electric 
furnace. The following new projects were 
reported by World Mining.“ From the 
Araxá-Barreiro mine, Arafertil-Araxá S.A. 
Fertilizantes e Productos Quimicos has a 
lease and plans to produce 550,000 tons per 
year of 34% P,0; concentrates that will be 
used in an integrated acid and fertilizer 
plant. Production is scheduled for 1977. The 


UP pn Ben Sune κ Wed Min, 
'8 hate ustry. Wor 
v. 80, No. 2, February 1971, pp 
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Cataláo-Metago mine owned by Metais de 
Goias S.A. is planning to produce from 
400,000 to 600,000 tons of 34% P40, concen- 
trate per year starting in 1978. From the 
Tapira-Valep mine, Cia. Vale do Rio Para- 
naiba S.A. intends to produce 1,000,000 tons 
per year of 36% P.0; concentrate. It is 
scheduled to start producing in 1978. Pre- 
liminary plans are being made by Serrana 
to develop the Ipanema deposit and others 
are investigating the potential at Patos de 
Minas and the northern Pernambuco de- 
posit. 

Canada.—In August 1975, International 
Minerals & Chemical Corp. (Canada) Ltd., 
reported a phosphate deposit in a carbona- 
tite complex in Cargill Township, Ontario. 
Drilling and trenching programs were con- 
ducted in 1976 to define the orebody. 

Egypt.—Phosphate rock production has 
declined from about 1.6 million tons in 1968 
to 559,000 tons in 1974 as the ore deposits at 
Kusair and Sofaga on the Red Sea were 
depleted. Α new phosphate mine and plant 
Started in February 1976 at Hamrawein and 
was expected to raise production to pre-1968 
levels.“ Another major event was the com- 
pletion of a contract to study the feasibility 
of mining, processing, and shipping phos- 
phates from the Abu Tartur deposits in the 
south-central part of Egypt west of the Nile 
River. The deposit, although large, contains, 
unfortunately, high concentrations of iron, 
alumina, and clay, and unless procedures 
are developed to eliminate these problem 
materials the viability of the deposit re- 
mains in doubt. 

Greece.—The Institute of Geological and 
Mineral Research located commercial phos- 
phate rock deposits at Epirus in Northern 
Greece. The deposit is located about 37 
miles north-northwest of Ioannia and pre- 
liminary investigations indicate the reserve 
is 10 million tons of 15% P,0, ore that can 
be upgraded to plus 30% P.0s.’ 

India.—India's first phosphate benefi- 
ciation plant at Udaipur went onstream. 
The plant is designed to process about 660 
tons per day of 20% P0, ore to a product 
grading 34% P... The concentrates will be 
used to produce phosphoric acid and 
superphosphates.* 

Iraq.—Plans to exploit the phosphate 
rock deposits at Akashat have been made. 
Work on the mine to produce 3.7 million 
tons per year of phosphate rock started in 
1976. Concurrently, an associated fertilizer 
complex reportedly will be constructed. 
Both the mine and initial fertilizer complex 
are scheduled to start up in mid-1980.* 
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Israel.—Negev Phosphate Co. Ltd. was 
granted a loan from the Export Import 
Bank of the United States to assist in 
financing the expansion of the phosphate 
mine and beneficiation plant at Nahal Zin. 
Production will be doubled to 2 million tons 
per year of concentrates.! 

Jordan.—The Jordanian Phosphate 
mines plan to increase phosphate rock pro- 
duction to about 5 million tons per year by 
expansion of the El-Hassa mine and by 
opening a new mine at Al-Sheidieh." 

Mexico.—Press reports that began in 
1974, describing the discovery of a phos- 
phate rock reserve in the Baja California 
peninsula of Mexico, have continued 
through 1976. The most recent report indi- 
cated the reserve may be 100 million tons. 
An experimental pilot plant is scheduled to 
start in 1977 to process rock from the Baja 
peninsula deposit.’ 

Morocco.—The Office Cherifien des Phos- 
phates has plans to develop a series of new 
phosphate rock mines, plants, and new port 
facilities to handle future exports of phos- 
phate rock and solid and liquid phosphate 
intermediates. 

The Khouribga mines are located on the 
Oulad Abdoun Plateau, between Khouribga 
and Oued Zem. The two principal open pit 
mines are Sidi Daoui and Mera el Arech. A 
new open pit mine, Recette IV, located 
between Sidi Daoui and Mera el Arech, is 
being developed. About 30% of Khouribga’s 
production was from underground mines. A 
new drying plant, similar to the Beni Idir 
drying plant, was under construction at 
Oued Zem and will treat the production 
from Recette IV. 

The Youssoufia underground mines are 
located on the Ganntour plateau. Approx- 
imately 70% of the ore was from under- 
ground mines and 30% was recovered from 
surface contour mines. Plans to continue 
mining the white ore above the water table 
will continue; however, an increasing 
quantity of black ore, unoxidized and rela- 
tively high in hydrocarbon content, from 
below the water table will be mined in the 
future. The black ore will be calcined in 
fluid bod reactors. The first reactor is sched- 
uled to operate for a full year in 1977. 


U. S. Embassy, Cairo, Egypt. Industrial Outlook 
25 oet ο. Department Airgram A-13, Jan. 
[44] Athens, Greece. State De t 
sis Sings: A νήμα 
5Engineering & Mining Journal. V. 177, No. 4, April 
1976, p. 160. 

*Chemi ical Engineering. V. 88, No. 4, Feb. 16, 1976, p. 43. 
loIndustrial Minerals. aE oe July 1976, p. 52. 


11Work cited in footnote 
!? Industrial Minerals, No. “ino, November 1976, p. 42. 
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Α new mine, Benguerir, is scheduled to 
start production in 1978 or 1979. Initial 
production will be 2.9 million tons per year. 
Ultimately, the mine is expected to produce 
from 10 to 12 million tons per year. The ore 
from this open pit will be shipped about 56 
miles to a beneficiation plant, located on the 
hill behind the chemical plant, Maroc Phos- 
phore II, near the port of Safi. Salt water 
will be used to wash the ore. The grade will 
be increased from 64% bone phosphate of 
lime (BPL) to 67% BPL with reductions in 
iron, aluminum, and magnesium oxide con- 
tent before it is used to produce phosphoric 
acid. 

Α new port is to be developed south of 
Casablanca at Jorf Lasfar to break the 
Shipping bottlenecks that have developed at 
Casablanca and Safi. These bottlenecks are 
expected to worsen as production from new 
mines increases in the next decades. A 
beneficiation plant is planned at Jorf Lasfar 
to treat ore mined at Sidi Hajjaj in the early 
1980's. 

Pakistan.—The Hazara phosphate de- 
posits situated near Abbotabad were drilled 
and mapped by a British company in 1976. 
The survey, expected to be completed in 
1978, will cover an area of 60 square miles. 
An appraisal of these deposits will be com- 
pleted before the design, construction, and 
training programs for mines and plants are 
initiated.'* 

Peru.—According to a press release pub- 
lished in Lima on December 17, 1976, Mine- 
ro Ῥοτά and the National Institute of In- 
dustry in Spain, through the Empresa Na- 
cional Adaro de Investigaciones Mineras 
S.A. (ENANDINSA) signed an agreement 
for the exploitation of the Bayovar phos- 
phate deposit. ENANDINSA will finance 
and perform the feasibility study over a 10- 
month period. When the study is completed, 
a mining company will be formed with 
Minero Perú on a 49% to 51% basis to 
develop the deposit. The Spanish will fi- 
nance the project. The initial production 
will be 850,000 tons per year of concen- 
trates. Α construction schedule of from 3 to 
4 years is contemplated.'* 

South Africa, Republic of.—The Phos- 
phate Development Corp. Ltd. (Foskor), 
commissioned two phosphoric acid facilities 
which will use phosphate rock from the 
Phalaborwa deposits. The Federale Kuns- 
mis phosphoric acid plant, an extension of 
the Bosveld Kunsmis fertilizer complex, 
started producing in late 1976. The plant 
capacity is 300,000 tons per year of acid. The 
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Triomf Fertilizer's phosphoric acid plant at 
Richards Bay went into full production at 
the end of the year. The capacity is 750,000 
tons per year of acid. 

Spanish Sahara.—It was reported in 
midyear that the Office Cherifien des Phos- 
phates made the decision to move phos- 
phate rock from the Bu Craa mine to the 
port of El Aaiun by trucks after the 62-mile- 
long conveyor belt was damaged by guerilla 
attacks. The tonnage moved by trucks was 
not reported. It was not clear if this effort to 
replace stocks at El Aaiun was continued 
for the balance of the year. With only a 
moderate demand for phosphate rock in 
1976, Morocco was able to ship phosphate 
rock from Casablanca and Safi to meet the 
commitments for Bu Craa phosphate rock. 

Syria.—From a production level of 20,000 
tons in 1971, Syria produced 857,000 tons in 
1975, but short of the Government's goal of 
1.9 million tons. By 1980, Syria plans to 
produce at the rate of 3 million tons per 
year. Production was from three plants 
with a combined capacity of 2 million tons 
per year. All are located near Palmyra in 
central Syria. Concentrates are trucked to 
the port of Tartous and this will continue 
until a railway is completed in 1978.1¢ 

Tunisia.—The capacity of Tunisian phos- 
phate mines is projected to increase from a 
level of 4 million tons per year in 1977 to 6.3 
million tons per year in 1980, and 7 million 
tons per year in 1981. Most of the additional 
production to achieve the planned increases 
will come from the underground Sehib mine 
and Kef Schfair, an open pit mine. Some 
additional capacity will be created by 
mechanization of mining systems in the 
underground mines of Metloui, M’Dilla, 
Redeyef, M'rata, Moulares, and Kalaa Djer- ` 
da. 

U.S. S. R. — To meet the demand forecast in 
1980 for chemical fertilizers and mineral 
feed supplements, the U.S. S. R. plans to 
increase production of phosphorus bearing 
raw materials according to an article by L. 
Kostandov, the Minister of Chemical In- 
dustry of the Soviet Union, published in the 
weekly paper, Economicheskaya Gazeta, in 
January 1976. Information about the supply 
of phosphate rock in the U.S.S.R. is meager; 
however, from available information, it ap- 
pears that the Soviet Union will find it 
increasingly difficult to meet its own phos- 


13Mining Journal. V. 287, No. 7860, Sept. 10, 1976, p. 186. 
MU. S. Embassy, Lima, Peru. State Department Air- 
gram A-182, Dec. 21, 1976. 
2 Minerals. No. 113, 3 κος 12. 
. S. Embessy, yria. State Department 
Airgram, No. 25, June 16, 1976. 
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Table 17.— Phosphate rock: World production, by country 


(Thousand short tons) 
Country? 1974 1975 19165 
Ν America: 
United States __ —— οσο A SS 45,686 48,816 49,241 
BU ιο οι ο ο 8 214 811 247 
Netherlands Antilleessssss Lll 222l22.2-2 118 90 59 
South I 
Argentina (guano) _______________- PELE EE AENA AE 1 1 
Brasil » ̃ p e Du EE r361 448 540 
Chile )h))GGööCͥöüͥöſüſſGGGVTfffõ ⅛ð ß x RM EE 21 15 18 
% ] ꝑi ::! «˙ↄ ...'. ꝛ ˙ . mm.. ĩð . 8 11 14 17 
Para ορ Pd (5) (Š) dnd 
coe KNEE ασε SPIO . y . OEY APR DN 156 128 88 
EPAnOB ο eee ↄ ]] m8 21 20 *20 
JJ E 8 - 94 90 
U.S.S.R. exp THERME ασ u LEN 24,800 26,600 26,100 
Algot p ̃ p eee ee p 770 560 
MS co J) ⁵ ⁵ↄVvZddd ³ aA ως ET 21,789 14,984 17,258 
Rhodesia, Southern? ......... -....-..-.-------------------- 140 140 140 
uminum phosphate ................--------΄-----------------------.----. 441 
cum phosphate scs cue ace e erae 1,628 1,764 1,754 
Seychelles Islands (guano) __  _ _ _ _ 8 
South Africa, Republic odds 71,564 1,815 1,876 
JJ) ³ðVi P tee ees 8 8,042 190 
J ³ð V ⁵ ⁵ ³³⁰ 8 2,835 1,279 2,214 
PRN nh a or cu at sd ee ος 74.200 8,845 8,689 
Ugándá Lon 8 17 17 17 
China, le's blico, ß e CiU 8,300 8,700 8,700 
Christmas ian Ocean). — cnn 1,945 1,584 1,188 
ApG socu ß nana aAa 18 83 42 
bate rock lol ... 1478 418 676 
lara] —5-— c e o enl y ⁰⁰⁰ 88 1,181 972 704 
Jordan 2 o 5-5. oo ο ο a $763 1,226 1,876 
Korea, North (apatite) ............-.-.-----.-------------.-- 440 500 
JJ ⁵ð AIEA E E ERE 15 139 2 
J24„ciuſr„ 88 29 6 18 
Syrian Arab Republik 664 945 568 
Vietnam? .... .................................... 1,800 1,500 1,700 
Oceania: 
: ³Ü -w] ͥͥ¹·¹¹·¹yꝛAqꝓↄ mm μον 2 154 960 
Naüro bland ;i ß ⁊¼ mec xU ee 2,522 1,690 882 
ß ο πασοκ μμ iri LAS Aie 619 569 460 
Tot ul 3 oa ].. E 121,240 118,254 117,898 


*Estimate. iminary. "Revised. 

In addition to the countries listed, Belgium, Indonesia, and Tanzania may have continued to uce te rock, 
and South West Africa produced guano, but output is not officially re and available 5 dires vedi for 
formulation of reliable estimates of output levels. 

WLess than 1/2 unit. 

3 Revised to none. 

‘Estimate by International Superphosphate Manufacturer's Association on the basis of a marketable product 
averaging 34.8% Psos; differs with data f. in the U.S.S.R. chapter of Volume III of the Minerals Yearbook which 
are reported in terms of two products of iffering grade. 


Local sales and exports of phosphate concentrate and direct-sale ore. 
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phate rock demands. Production from the 
Kola Apatite Combine, an 86% BPL rock, 
was equally divided between domestic and 
export markets. Exports reached a peak of 
about 7.3 million tons in 1978, and declined 
in 1974 and 1975. The production target for 
the Kola Apatite Combine was about 16.9 
million tons and, if achieved, was an in- 
crease of 4.4 million tons more than was 
produced in 1970. The target for 1980 is 
about 20 million tons, an increase of 3.0 
million tons over that of 1975. Other sources 
of phosphate rock will be required to satisfy 
the demands of the fertilizer industry in 
the U.S.S.R. It was estimated that 9.7 mil- 
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lion tons were produced from the Kara 
Tau phosphate mines in 1975 and if the 
U.S.S.R.'s goal of meeting a demand of 37 
million tons in 1980 is to be realized, Kara 
Tau phosphate mines will have to produce 
an additional 7.9 million tons. Unlike the 
Kola concentrates that are high-grade and 
have exceptionally low iron and magnesium 
oxide analysis, Kara Tau mines supply a 
low-grade phosphate rock, 28% P. O,, that 
contains 2.2% Mg0 and 1.5% Fe. O.. The low- 
grade and undesirable impurities are es- 
pecially troublesome when phosphoric acid 
is produced and fertilizers manufactured. 


TECHNOLOGY 


The Albany Metallurgy Research Center 
of the Federal Bureau of Mines, Albany, 
Org., conducted programs to improve the 
recovery of phosphate and byproducts such 
as fluorine, vanadium, and chromium from 
phosphate deposits in the Western States. 
Operating companies in the Western States 
furnished samples to the Center and these 
were characterized for potential benefi- 
ciation procedures. The samples from nine 
locations varied in composition and were 
characterized as low-grade, carbonaceous, 
and weathered; weathered carbonaceous 
phosphate shale, partially weathered with 
interbedded limestone; a pelletal phosphate 
in a weathered siliceous matrix; and a hard 
partially liberated, high Ca0 and Mg0 con- 
tent, with carbon ranging from 496 to 1490. 
Α beneficiation process was selected for 
each sample to obtain an indication of the 
concentrate grade and recovery from the 
selected process. The processes ranged from 
scrubbing and sizing to calcining, grinding, 
and flotation. A 60-pound-per-hour flotation 
circuit was set up to develop a combination 
carbonate-silica flotation process. Methods 
to improve the liberation of phosphate 
minerals from unweathered phosphate 
bearing rock were studied. These included 
preliminary studies of the effect of leaching 
and attrition grinding prior to flotation. 

The Center also produced feed-grade 
monocalcium phosphate from Western 
phosphate concentrates, determined that 
fluorine retention in triple superphosphate 
was affected by the iron and aluminum 
levels in phosphoric acid, and separated 
vanadium from Western phosphate slime 
tailings by selective leaching. 

Studies to determine the feasibility of 
producing phosphoric acid from Florida 


unbeneficiated land-pebble matrix by di- 
gesting with sulfuric acid continued. The 
objective was to minimize phosphate losses 
and produce a waste product that could be 
easily used in land reclamation programs 
and that would not require the impound- 
ment procedures needed to hold waste 
slimes from Florida washing plants. During 
the year, filtration rates of matrix-derived 
phosphoric acid and gypsum residue were 
progressively improved and approached in- 


‘dustry filtration rates normal for acid pro- 


duced from phosphate concentrates. Exces- 
sive aluminum content of matrix-derived 
phosphoric acid was lowerod to levels nor- 
mally found in commercial acid by liquid- 
liquid extraction with octyl phenyl phospho- 
ric acid. It was found that iron was concur- 
rently reduced. 

The study to determine the effects of 
reagent additions to high-grade attapulgite 
slime from the Florida phosphate field was 
continued at the Tuscaloosa, Ala. Metallur- 
gy Research Center. Organic, inorganic, and 
commercial reagents were tested. The vis- 
cosity, conductivity, and pH of the reagent 
slime mixtures were measured at different 
reagent concentrations. After adjustment to 
different pH levels, the mixtures were 
centrifuged to simulate a 30-day settling 
test. The results of these tests were not 
encouraging as the dewatering rates did not 
significantly improve. One reagent, poly- 
ethylene oxide, was superior when used to 
flocculate and dewater high-grade attapul- 
gite and montmorillonite slimes as well as 
Florida phosphate plant slimes. Favorable 
results were obtained from tests to develop 
a continuous process to dewater slimes 
using polyethylene oxide. A phosphate 
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slime of 5% solids and the flocculant solu- 
tion were combined in a launder, addition- 
ally mixed in a low pressure cyclone-type 
apparatus and fed to a rotating trommel. 
The flocculated material dewatered rapidly, 
forming rolls and balls as the material 
moved down the trommel. The trommel was 
equipped with a 10-mesh screen to separate 
the water from the agglomerates that were 
25% to 3096 solids. At slime feed rates of 1.5 
and 3.0 liters per minute, reagent consump- 
tion was approximately 1 and 2 kilograms 
per metric ton respectively. Successful con- 
tinuous dewatering treatment depends on 
adequately mixing reagent and slimes and 
then immediately separating released wa- 
ter from the dewatered solid fraction. 

The Center developed a filtration pro- 
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cedure to evaluate the effect of reagents on 
the settling behavior and mineral composi- 
tion of slimes. Investigations on static filtra- 
tion, wicking, and compaction systems to 
dewater phosphate slimes were continued 
with emphasis on movement of slimes 
through a stationary screen barrier. 

Characterization studies of the phos- 
phate-bearing Hawthorn Formation lime- 
stone continued at the Tuscaloosa Center in 
cooperation with the Florida State Bureau 
of Geology. Beneficiation studies of grab 
samples that contained at least 5% P0, 
were made by grinding, scrubbing, and 
desliming prior to flotation. Acceptable 
phosphate-grade and recoveries were ob- 
tained on some samples with single-stage 
flotation after dolomite removal. 


Platinum-Group Metals 


By W. C. Butterman! 


World mine production of platinum-group 
metals increased 4% in 1976 compared with 
that of 19775, to 6 million troy ounces. As in 
past years, three countries accounted for 
99% of the entire output - the Republic of 
South Africa, the U.S.S.R., and Canada. 
World demand for platinum-group metals 
partially recovered from the depressed level 
of 1975, owing largely to increased demand 
in the United States, where apparent con- 
sumption including industry stock changes 
rose 24%, to 2.1 million troy ounces. Con- 
sumption in Japan remained at about the 
19775 level of 1.9 million troy ounces. 


In the United States, mine production 
dropped 68% compared with that of 1975, to 
6,116 troy ounces; refinery production, de- 
rived almost entirely from secondary mate- 
rials, and including both toll and nontoll 
metal, decreased 16%, to 1.09 million troy 
ounces. Imports increased 47%, to 2.7 mil- 
lion troy ounces, while exports fell 22%, to 
0.5 million troy ounces. Sales of metal and 
metal products to industry increased 22% 
over those of 1975, to 1.6 million troy 
ounces, and industry stocks rose 28%, to 1.1 
million troy ounces. 


! Physical scientist, Division of Nonferrous Metals. 


Table1.—Salient platinum-group metals! statistics 


(Troy ounces) 
1972 1978 1974 1975 1976 
United States: 

Mine production?  .......... 17,112 19,980 12,657 18,920 6,116 
δι ο ο ος ο ohn δες ενας κο τὸ, $1,267,298 $2,103,704 $1,932,203 $2,280,200 $464,521 

Refinery production: 
New metall 15,380 19,916 13,234 16,571 7,101 
Secondary metal 255,641 265,901 325,216 270,101 215,355 
Toll-refined meta! 1,361,623 1,039,189 1,088,022 1,016,968 869,664 
Total refined metall 1,632,644 1,325,006 1,426,472 1,303,640 1,092,120 
Exports (except manufactured goods) 538,994 627,526 835,754 659,885 2,407 
Imports for consumption 1,892,184 2,504,181 3,251,311 1,820,284 2,667,059 
Stocks Dec. 31: Refiner, importer, dealer 930,853 1,033,124 1,121,806 849,210 1,085,703 
Consumption (sales) „562, 245 1,833,901 1,981,010 71,308,717 1,603,077 
World: Productions 4,269,990 5,232,149 15, 769, 239 75, 713, 660 5,991,720 


The platinum group comprises six metals: Platinum, palladium, iridium, osmium, rhodium, and ruthenium. 
*Recovered from platinum placers and as byproducts of copper refining. 


Legislation and Government  Pro- 
grams.— In 1976, as in previous years, U.S. 
Government inventories of platinum, palla- 
dium, and iridium remained unchanged. All 
three metals were in excess of stockpile 
goals established in 1973. In October, the 
Federal Preparedness Agency published 
revised goals for stockpiled platinum-group 
metals. The new goals (1,314,000 troy 


ounces of platinum, 2,450,000 ounces of 
palladium, and 97,761 ounces of iridium) 
were several times larger than the pre- 
October goals, and substantially larger than 
the inventories. 

U.S. motor vehicle emissions standards, 
as provided for in the Clean Air Act of 1970, 
have a direct bearing on the amounts of 
platinum-group metals used as emissions- 
control catalysts, and even on the combina- 
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tions of metals used; for example, rhodium 
may displace palladium in the catalysts if 
more stringent emissions standards require 
the use of so-called three-way catalytic con- 
verters. Thus, the platinum metals industry 
followed with interest the months-long de- 
bate in the U.S. Congress about future 
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emission standards. Congress adjourned in 
early October without having amended the 
Clean Air Act; as the matter stood at 
yearend 1978 model automobiles will be 
required to meet emission standards consid- 
erably more stringent than those set for the 
1977 models. 


Table 2.—U.S. Government inventory of platinum-group metals, December 31, 1976 


(Troy ounces) 
Platinum Palladium Iridium 
National stockpile .. .....-.-......--..---------------.----------- 1402,646 3507,314 317,002 
Supplemental stockpile ________________-____-__- 49,999 141,680 τος 
Total. unc ́¶ ꝙ ́ .. A 8 452,645 1,254,994 17,002 

!Includes 13,043 troy ounces nonstockpile-grade material. | 

3]ncludes 2,204 troy ounces nonstockpile-grade material. 

Includes 12 troy ounces nonstockpile-grade material. 

DOMESTIC PRODUCTION 


Domestic mine production of platinum- 
group metals, largely a byproduct of copper 
mining, decreased 68% in 1976, to 6,116 
ounces. The Goodnews Bay Mining Co. plac- 
er platinum mine in Alaska, the only 
domestic deposit mined principally for the 
platinum-group metals, was shut down ear- 
ly in the year. The Johns-Manville Corp. 
studied the feasibility of mining its claims 
in the Beartooth Mountains of southern 
Montana, but at yearend had not announc- 
ed whether mine development would pro- 
ceed. Grade of ore in the mineralized hori- 
zon, which had been traced over 24 miles, 


averaged 0.43 to 0.46 troy ounce of platinum 
plus palladium per ton, with 0.1596 copper 
plus nickel. The platinum-to-palladium ra- 
tio in samples was 1 to 3.5. 

U.S. refinery production, including toll- 
refined metal, fell 16%, to 1.09 million troy 
ounces; 98% of this was secondary metal. 
Secondary metal refined on a nontoll basis 
fell 20%, to 215,855 ounces; toll-refined 
secondary metal dropped 1496 to 859,432 
ounces. Refined primary metal totaled 
17,333 ounces, most of which was of domes- 


tic origin. 


PLATINUM 


Table 3.—Platinum-group metals refined in the United States 
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(Troy ounces) 
Year Platinum Palladium Iridium Osmium Rhodium Ruthen- Total 
PRIMARY METAL 
Nontoll-refined: 
αιμα 3,708 10,836 594 173 62 7 15,88 
JJ SUR ,960 13,121 957 176 88 14 19,916 
JFC 4.103 694 381 72 38 6 18,294 
FFF 5,292 10,968 286 44 28 3 16,571 
JFC 2,148 4,025 244 45 35 4 7,101 
Toll-refined 
| rr ο ο ως. 54.773 28,752 1.751 111 3,354 478 84219 
1978 ee Re ,883 972 168 102 381 70 ,566 
JJC 16,298 2,784 742 96 185 7 20,107 
PTV 14.619 2,002 373 15 164 1 17,174 
1976 __-------------- 8,676 1,063 355 39 95 4 0,282 
SECONDARY METAL | 
Nontoll-refined: 
T 75,942 162.718 4.393 149 11,90 1 049 255,641 
τ)... ͤ 8 ; 50,019 — 6,785 20 11,561 632 265,901 
197144444 ; 213,416 3,494 6 11127 1.174 325,216 
πι as σαν 103,623 149,552 24900 44 13,683 899 270,101 
I 901 134741 3921 10 8,058 3,718 215,355 
Toll-refined 
1970 e ute a 781,697 431,248 1.717 1,520 44065 5,157 1,277,404 
ο st he 581,005 373,396 3,395 1,292 36,865 «4,610 1,000,623 
TTT 654,156 365,779 3, 465 1,447 36196 6,872 1,067,915 
1905 πο cr 2 541,930 383,501 10,424 1,263 43,137 19,589 999, 
CCC 494,069 311,000 6, 1.429 84, 12,992 859,432 
1976 TOTALS 
Total primary refined _ _ _ _ _ _ _ 11,424 5,088 599 84 130 8 17,833 
Total secondary refined _ _ _ _ _ _ 558,970 445,747 10,428 1,439 42,093 16,110 1,074,787 
Grand total refined ____ δΊ0,394 450,885 11,027 1,523 42,223 16,118 1,092,120 
CONSUMPTION AND USES 
Sales of platinum-group metals to domes- purchaser of  platinum-group metals, 


tic industries increased 2250 over those of 
1975, to 1.6 million troy ounces. Sales of five 
of the six metals increased by the following 
percentages: Platinum, 2296; palladium, 


21%; iridium, 11%; rhodium, 1196; and 


ruthenium, 100%. Osmium sales declined 
26%. Of particular importance were sales of 
platinum and palladium to the automotive 
industry for use in emission-control cata- 
lysts; these were nearly double the 1975 
level, owing partly to an increase in auto- 
mobile production and partly to the deple- 
tion of the large inventories of platinum 
and palladium held by the automobile man- 
ufacturers in early 1975. The automotive 
industry accounted for more than 50% of 
platinum sales, and more than 25% of 
palladium sales; thus, for the third consecu- 
tive year, it was the largest domestic 


accounting for 42% of total sales. It was 
followed, in order of importance, by the 
electrical industry (18%), the chemical in- 
dustry (15%), the dental-medical industry 
(10%), the petroleum refining industry 
(4%), and other industries (11%). Platinum 
sales comprised 53% of total sales, followed 
by palladium (41%), rhodium (3%), ruthe- 
nium (3%), iridium (less than 1%), and os- 
mium (less than 1%). 

The uses of the platinum-group metals in 
1976 were related to their outstanding cata- 
lytic properties, refractoriness, and resist- 
ance to chemical corrosion. The patterns of 
usage of the two principal metals, shown in 
figure 1, were similar to the patterns of 
recent years, except that catalyst use of 


palladium displaced electrical use as the 


most important end use of that metal. 
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Table 4.—Platinum-group metals: sold to consuming industries in the United States 


(Troy ounces) 

Year and industry Platinum Pfund. Iridium Osmium Rhodium Ruthen- Total 
PPP 545,299 876,024 37,754 2,397 46,095 54,676 1,562,245 
TT. REPEAT EP 658,533 1,012,484 30,676 1,629 73,515 57,064 1,833,901 
ο SRE SE Me ee 943,689 886,063 22,778 1,723 61,602 65,155 1,981,010 
1975: 

Automotive __ _ _ _ _ _ 273, 97,000 dā " = 370,000 

AM 148,813 142,975 2,559 414 15,440 5,457 315,658 

Dental and medical 11, 114 910 54 132,975 

1 oe 13,624 1,969 bu 2 10,638 
De από τος 33,813 17,633 207 id 4,471 
Jewelry and decorative 900 Ἷ 401 a di ,932 1,156 
NUN A u Sl š 71,755 8,587 S 11 (3) 113,444 
Miscellaneous 21,318 11,942 366 3,963 41,188 
TEN ος... 698,553 "541,548 9,143 1,084 36,848 721,541 71,308,717 
is Automoti 480,965 194,496 391 675,852 
u 8 = ái EE 
MEM 17 2 83,560 1,351 66 19,225 5,834 238,265 
Dental and medical 139,279 233 129 75 140 167,314 
8 89,319 152.312 6,368 HE 9,062 29,128 286,789 
— EE 41,683 2,989 288 παρε 93 48,881 
Jewelry and decorative 23,371 5,700 1,024 oi 5,170 2,942 38,207 
Petroleum 59,103 7,291 395 e 1 xe 66,790 
llaneous _____ 46,246 26,766 458 2 3,123 4,384 80,979 
n EESE ses, 851,105 657,062 10,117 797 40,875 43,121 1,603,077 
TRevised. 
1Comprises primary and nontoll refined secondary metals. 
2Revised to zero. 
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Figure 1.—Uses of platinum and palladium in 1976. 
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STOCKS 


Stocks of platinum-group metals held by 
refiners, importers, and dealers increased 
28% in 1976 compared with those of 1975. 
Rhodium stocks fell 11% and osmium stocks 
fell 3096, but stocks of the other four metals 
increased, as follows: Platinum (27%); Pal- 
ladium (3796); iridium (11%); ruthenium 
(5%). It should be noted that these are 


partial industry stocks, since the Bureau of 
Mines does not collect inventory data from 
end users of the platinum-group metals, 
some of whom may hold sizable inventories. 
In addition, there were the Government 
Stockpiles of platinum, palladium, and 
iridium. 


Table 5.—Refiner, importer, and dealer stocks of platinum-group metals in the United 
States, December 31: 


Year Platinum Palladium Iridium Osmium Rhodium ο. Τοία] 

μι ποπ κο 426,611 405,793 14,987 82 56,967 26,413 930,853 
171 DR 446,522 493,078 14,813 321 1,504 26,880 033, 1 
1914 .— X 8 532,615 418,210 18,159 869 55,791 86,102 1,121,806 
IIZ 420, 770 ; ,216 621 53,847 ,069 849,210 
1910. ο ος. 536,318 459,765 20,318 439 47,769 21,094 1,085,703 

Includes metal in depositories of the New York Mercantile Exchange; on Dec. 30, 1976, this comprised 172,100 troy 
ounces of platinum and 20,500 troy ounces of palladium. 

PRICES 


The producers’ price for platinum was 
quoted at the beginning of the year at $155 
per troy ounce, was raised to $165 in June, 
to $170 in July, and then lowered to $162 at 
the beginning of November. The producers’ 
palladium price began the year at $50 per 
troy ounce, was lowered to $40 in April, 
raised to $45 in May, and to $55 in June. 
The rhodium price at the beginning of the 
year was $300 per troy ounce, and was 
increased to $350 at the beginning of July, 
and to $400 on July 20. The iridium price 
went from $400 per troy ounce to $300 at 
the beginning of April. Producers’ ruthe- 
nium and osmium prices remained 
unchanged throughout the year at $60 and 
$200 per troy ounce, respectively. 

Dealers’ prices for platinum and palla- 
dium remained below producers’ prices, ex- 
cept for a few weeks near midyear. Dealers’ 
prices for rhodium and iridium, which be- 


gan the year far below producers’ prices, 
began to rise in the second quarter and 
were above producers’ prices in the third 
quarter before falling below producers’ 
prices again in the fourth quarter. Dealers’ 
prices for ruthenium and osmium remain- 
ed, as in recent years, below producers’ 
prices all year. Average prices for the year, 
calculated at the low ends of the ranges of 
weekly averages published by Metals Week, 
follow: 


(per troy (per troy 
ounce ounce) 
Platinum $161.73 $153.38 
Palladium 50.9 47.29 
Iridium _________ 325.00 271.09 
Osmium 200.00 129.42 
Rhodium 347.50 309.68 
Ruthenium ______ 60.00 36.55 
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Figure 2.—Prices of four platinum-group metals. 
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FOREIGN TRADE 


Exports of unwrought and semimanu- 
factured platinum-group metals decreased 
22% in 1976, to 512,407 troy ounces; about 
220,000 troy ounces of this, or 4496, was 
platinum. Valued at $53 million, exports 
went mainly to the United Kingdom (26%), 
Japan (23%), and West Germany (1590). 

Imports, on the other hand, increased 
47% in 1976, to 2.7 million troy ounces, 
valued at $292 million. Of total imports, 
including estimates of metal in composite 
import classes, 44% was platinum and 48% 
was palladium. Compared with 1975 levels, 
Platinum imports increased 16% and palla- 
dium imports nearly doubled. The principal 
sources of platinum-group imports were the 
Republic of South Africa, which supplied 


47% of the imports directly and originated a 
substantial part of the 17% of imports that 
came from the United Kingdom; and the 
U.S.S.R., which supplied 24% of the imports 
directly and an unknown additional quant- 
ity via European countries. Imports of each 
metal were estimated as follows: 


Thousand 
troy ounces 

Platinum sz a UC 1,185 
Palladium — 1.284 
ndium Ban 81 
Osmium ß LES 4 
Rhodium 74 
Ruthenium —~________________ 89 
Total. 2:3 3s ise L z: 2,667 
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Table 8.—Imports of platinum-group metals, in 1976, by source 


(Percent of total imports) 
Plati- Palla- Irid- Os- Rho- Ruthe- 
Source num dium dium mium dium nium Total 
South Africa, Republic of __ _ _ _ _ 60 85 40 22 37 57 47 
U.S.S.R. ........ -- 12 10 <A 22 11 
United Kingdom 18 15 27 71 27 21 17 
Japén eo Ls 1 (1) 6 ae (1) (1) 1 
Other 9 13 17 7 14 11 11 
1Less than 1/2 unit. 
WORLD REVIEW 


World mine production of the platinum- 
group metals increased about 4% in 1976, to 
6 million troy ounces. The U.S.S.R. mined 
2.8 million troy ounces and the Republic of 
South Africa mined 2.7 million troy ounces; 
together they accounted for 9296 of world 
output. Canada mined 430,000 troy ounces, 
or 7% of the world total. The United States 
and six other countries accounted for the 
remaining 1% of world production. 

U.S. mine production, largely as a bypro- 
duct of copper mining, was 6,116 troy 
ounces in 1976, compared with 18,920 troy 
ounces in 1975. The output of Colombia's 
river placers was 26,000 troy ounces, and 
small quantities of platinum-group metals 
were derived from placer mining in Ethio- 
pia, and as byproducts of copper and nickel 
mining in Japan, Finland, the Philippines, 
and Australia. 

Canada.—Canadian output of platinum- 
group metals increased 8%, to 430,000 troy 
ounces. The metals were byproducts of 
nickel-copper mining in Ontario and Mani- 
toba, and were produced by Inco, Ltd., and 
Falconbridge Nickel Mines, Ltd. Texasgulf, 
Inc., after considerable exploratory drilling, 
dropped its option on the Lac des Iles 
platinum-group metals prospect near Thun- 
der Bay, Ontario. However, drilling was 
resumed late in the year by the owner of the 
property, Boston Bay Mines, Ltd.? 

South Africa, The Republic of.—The Re- 
public of South Africa produced 2.7 million 
troy ounces of platinum-group metals in 
1976, including about 61% of the world's 
newly-mined platinum, 27% of its palla- 
dium, 58% of its rhodium, 35% of its iri- 
dium, 4696 of its ruthenium, and a substan- 


tial part of its osmium. Except for small 
quantities of osmiridium recovered as 
a byproduct of gold mining, all of the 
platinum-group metals were mined as prin- 
cipal products from several mines in the 
Merensky Reef, an extensive horizon in 
Transvaal Province containing more than 
half of the world's resources of platinum- 
group metals. Estimated production of the 
four companies that mined the Reef are as 
follows: Rustenburg Platinum Mines, Ltd., 
1,550,000 troy ounces; Impala Platinum, 
Ltd., 1,000,000 troy ounces; Western Plati- 
num, Ltd., 130,000 troy ounces; Atok Plati- 
num Mines, Pty., Ltd., 30,000 troy ounces. 
The two largest companies decreased pro- 
duction in early 1975, to adjust to a sluggish 
market in that year, but by about mid-19'76, 
both companies began to increase pro- 
duction. As a result, South African pro- 
duction in 1976 was modestly higher than in 
the preceding year. 

U.S.S.R.—The U.S.S.R. produced an esti- 
mated 2.8 million troy ounces of platinum- 
group metals in 1976, accounting for 31% of 
the world's platinum, 66% of its palladium, 
34% of its rhodium, 55% of its iridium, and 
4496 of its ruthenium. Α small fraction of 
the metal came from gold-platinum placer 
deposits in the central Urals, but most was 
a byproduct of nickel-copper mining in the 
Norilsk-Talnakh region of northwestern 
Siberia, and the Petsamo-Monchegorsk re- 
gion of the Kola Peninsula. 


The Northern Miner. Deep Hole for Boston Pay at 

Lecdes Iles Palladium. V. 62, No. 32, Oct. 21, 1976, p. 27. 
---. Texasgulf Dropping Its Boston Bay Option. V. 62, 

No. 2, Mar. 25, 1976, p. 1. 
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Table 9.—Platinum-group metals: World production by country! 
(Troy ounces) 
Country 1974 1975 1976P 
Australia: 
Palladium, metal content, from nickel ore 860 1,400 1,500 
Platinum, metal content, from nickel ore _________________ 260 430 470 
: Platinum-group metals from nickel ore 384,618 399,218 429,999 
Colombia: Placer tinum ate yp eel 2 a υπο Cu taa ana53 21,094 22,114 3,000 
Ethiopia: Placer platinum .........-------------.--------------------.. 230 162 200 
3 Ri metals from copper ore: 650 600 640 
apan? 
Palladium from nickel and copper ores... _ _ ~~ _______ 11,104 13,915 18,089 
y anus from nickel and copper ores __ -- 4,101 5,486 8,706 
ines: 
Pa adium from nickel/cobaltores ......------΄---------------... 2,315 836 ΞΕ 
Platinum from nickel / cobalt ores ..............-.-..-...-.--.-΄---- -.. 1,350 519 — 
ris idea Republic of: Platinum group metals 
Plstinumo rd c ncc nid cce uc 12. 830, 000 12,600, 000 2,100,000 
USSI R. Placer platinum and platinum group metals 
recovered from nickel / copper oree s 2,500,000 2,650,000 2,800,000 
United States: Placer platinum and platinum-group 
metals from gold and copper ores __ _ _ _ _ --- 12,657 18,920 6,116 
% colos cec Lc UE 5, 769, 239 5,713,660 5,991,720 


Estimate. Preliminary. Revised 
IExcludes metal refined in Norway and the United Kingdom derived from Canadian and South African ores. 
Japanese figures exclude motal recovered from Philippine ores. 
Includes osmiridium from gold ores estimated at 2,500 troy ounces annually. 
*Total excludes metal refined in West Germany and which is believed to be derived from imported ores. Production is 
as follows in troy ounces: 1974—4,115; 1975—3,601; 1976—2,283. 


TECHNOLOGY 


Research continued on automotive in an economic, uninterrupted fashion was 


emission-control devices in 1976, although 
on a smaller scale than in previous years, it 
appeared that the U.S. Congress would 
amend the automotive emissions standards. 
The new standards were expected to result 
in the use of the three-way converter, which 
employs a platinum-rhodium catalyst to act 
simultaneously on carbon monoxide, un- 
burned hydrocarbons, and nitrogen oxides. 
The major domestic and foreign automobile 
companies tested various models of the 
three-way converter, and limited numbers 
were installed on production cars sold in 
California. Much of the research was aimed 
at reducing the rhodium content of the 
catalyst; unless the rhodium-platinum ratio 
in the catalyst could be brought down to the 


rhodium-platinum ratio in South African 


ores, it would be difficult to obtain enough 
rhodium to equip all American cars with 
three-way converters. 

Higher numbers of automobiles equipped 
with catalytic converters necessitate the 
increased production of unleaded gasoline. 
This requires the achievement of higher 
unleaded (clear) octane numbers, a process 
in which catalytic reforming plays an im- 
portant part. However, yield of gasoline and 
octane rating are inversely related in re- 
forming. Operating at low pressures lessens 
the dropoff in yield, but it also increases the 
coking rate of the catalyst. One solution to 
the problem of maintaining catalyst activity 


reported by UOP Inc. In UOP’s Continuous 
Platforming system, small quantities of cat- 
alyst are removed from the reactor, reacti- 
vated, and returned to the reactor in an 
essentially continuous manner. Continuous 
platformers have been in operation since 
1971, and by 1976, six units were onstream. 
Several dozen more were in various stages 
of design and construction. 

Certain water-insoluble organic ruthe- 
nium complexes were found to be effective, 
on a laboratory scale, in splitting water 
through a photoinduced electron-transfer 
mechanism. The work was of considerable 
interest as a potential means of using solar 
energy to produce a highly desirable fuel, 
hydrogen. The reaction was believed to be 
truly catalytic, with an overall efficiency 
somewhere between 10% and 50%.‘ 

Platinum metal catalysts, designed to 
support the thermal combustion of a vari- 
ety of fuels, such as low-Btu gas, were 
announced. They were considered to be of 
potential use in transportation, home heat- 
ing, power generation, and other stationary 
and mobile applications. 

Printed thermocouples, formed by apply- 
ing newly developed precious metal inks 


3Pollitzer, E.C. Continuous Platforming. Platinum Me- 


tals Rev., v. 20, No. 1, January 1976, pp. 
*Chemical & Engineering News. Ruthenium Complex 
2e e No. 23, May 31, 1976, pp. 17. 
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to ceramic substrates, were developed. 
The gold-palladium:platinum-palladium 
thermocouples are usable in air up to 850*C, 
and are similar to Chromel:Alumel wire 
thermocouples in electromotive force out- 
put. They were said to be rugged, to give 
rapid response, and to have excellent long- 
term stability. Continued development of 
other temperature-measuring devices re- 
sulted in new rhodium-iridium thermocou- 
ples that are accurate to 2100'C; in other 
thermocouple alloys of platinum, palla- 
dium, iridium, and gold, designed to replace 
base metal thermocouples in the tempera- 
ture ranges up to 120'C; and in a new 
rhodium versus 0.5% iron resistance ther- 
mometer wire which extends the measure- 
ment of cryogenic temperatures down to 
0.35" K. 

The platinum-rhodium gauzes that cata- 
lyze the oxidation of ammonia to nitric acid 
in modern nitric acid plants ordinarily re- 
main in service several months. Occasional- 
ly, however, a gauze pack becomes inactive 
prematurely, and cannot be reactivated by 
cleaning in solvents or acid. A study of 
normal and inactive gauzes by scanning 
electron microscopy and X-ray diffraction, 
reported in 1976, showed that the surfaces 
of inactive gauzes were covered with crys- 
talline rhodium oxide. It was inferred, from 
earlier work, that gauzes become passivated 
by a rhodium oxide layer when, because of 
error in temperature control or calibration, 
they are operated below design tempera- 
ture.“ 

An account was published of experimen- 
tal studies confirming that reduction of 
refractory metal oxides by carbon monox- 
ide, hydrogen, carbon, and organic vapors is 
promoted by the presence of platinum- 
group metals, especially platinum and pal- 
ladium. These reactions are of importance 
in industrial situations where platinum 
metals and refractory oxides are in close 
proximity or physical contact at high 
temperatures: under these circumstances, 
accidental or temporary exposure to re- 
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ducing flames or organic impurities can 
lead to rapid destruction of the platinum 
metal and refractory material. The studies 
yielded thermodynamic data on the re- 
duction reactions, and suggested the possi- 
bility of brazing other metals to refractory 
oxides by use of a platinum-containing braz- 
ing alloy.’ 

The unmanned Viking lander that rea- 
ched Mars in July contained a small gas 
chromatograph/mass spectrometer for 
analyzing the gases emitted by pyrolyzed 
samples of Martian soil. Àn important com- 
ponent of the instrument was a unique 
electrolytic pump used to remove the hy- 
drogen carrier gas from the sample gases 
before their entry into the spectrometer. 
The pump was essentially an electrolytic 
cell consisting of palladium-silver alloy tub- 
ing immersed in molten sodium hydroxide 
electrolyte. Hydrogen was ionized in the 
anodic coil, after which it diffused through 
the palladium-silver wall into the electro- 
lyte, and flowed to the cathodic coil, where, 
after reduction, it diffused into the tubing 
and was discharged to the atmosphere as 
molecular hydrogen.* 

The rate at which sputtered coatings of 
the platinum metals may be satisfactorily 
deposited reportedly was increased more 
than an order of magnitude by the inven- 
tion of a new system that employs a mag- 
netic field to trap secondary electrons emit- 
ted from the target. The entrapment in- 
creases the sputtering rate by preventing 
secondary electrons from bombarding, and 
thus heating, the substrate. At the same 
time, it uses the secondary electrons to 
enhance ionization in the sputtering gas.“ 


5American Metal Market. Platinum. V. 83, No. 178, 

Sept. 10, 1976, pp. 10-22. 

pencer, Ε., and W. Hohmann. Rhodium-Platinum 
Gauzes for Ammonia Oxidation. Platinum Metals Rev., v. 
20, No. 1, January 1976, pp. 12-20. 

"Ott, D, and C. Raub. The affinity of the Platinum 
Metals for Refractory Oxides. Platinum Metals Rev., v. 20, 
No. 3, July 1976, pp. ‘79-85. 

8Platinum Metals Review. The Viking Mission to Mars. 
V. 20, No. 8, July 1976, S pp. 92 92-93. 

Platinum Metals Re Rate ο... of the 
Platinum Metals. V. 20, No. 3, i July 1976, pp. 94-95. 
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Potash 


By Richard H. Singleton! 


Apparent consumption of potash in the 
United States increased 20% in 1976 to 6.15 
million tons of K,O equivalent. The increas- 
ed demand was met primarily by a 2196 
increase in imports, to 4.59 million tons of 
Κ.Ο, 97% of which came from Canada. 
Domestic production continued to decline, 
decreasing 4% in 1976 to 2.40 million tons 
and producers' inventories decreased by 
0.10 million tons to 0.52 million tons of Κ.Ο. 
Sales by domestic producers increased 1996 
in volume to 2.5 million tons of K,O and 896 
in value to $203 million. Exports increased 
2190 to 0.95 million tons. 

U.S. consumption was stimulated by price 
reductions which occurred during the sum- 
mer months. The average 1976 price for 
domestic potash, f.o.b. mine, based on actual 
sales, was about 10% lower than in 1975. 

Sulfates of potash, including purchased 


muriate that was converted to sulfate, com- 
prised 16% of total U.S. production on a 
Κ.Ο basis, compared with 15% in 1975. The 
average 1976 price, based on actual sales, 
for sulfate of potash was about 9% higher 
than the 1975 price. 

Total sales of potash to U.S. customers by 
North American producers increased 2496 
to about 6.0 million tons of Κ.Ο. Sales of 
granular grade increased 3896 to 1.64 mil- 
lion tons, sales of coarse grade increased 
25% to 2.27 million tons, and sales of 
standard grade increased only 10% to 1.17 
million tons. 

Modest capacity expansions by three pro- 
ducers and a contraction of capacity by one 
producer in the Carlsbad, N. Mex., area 
were reported. One mine in the Carlsbad 


!Physical scientist, Division of Nonmetallic Minerals. 


Table 1.—Salient statistics on potash 
(Thousand short tons and thousand dollars) 


Item 1972 1978 1974 1975 1976 
United States 
" Production κανα u uu ee 4,138 4,684 4,116 4,511 4,416 
Κ.Ο equivaletntkt᷑t _ -.-. -.-. __ 2,659 2,603 2,552 2,501 2,400 
Sales by producers --- 4,653 5,174 4,108 3,819 4,600 
KsO equivalent ........... -. --..-.---.-----..-- 2,618 2,865 2,545 2,094 2,500 
Value at plant!!! $104,680 $123,738 $158,607 $187,857 $202,635 
Average value per ton $22.50 $23.92 $33.69 $49.19 $44.05 
n,; ene riens 1,353 1,579 1,415 1,419 1,670 
KsO equivalent 76⁴ 889 787 1779 945 
Value” ο ος κάν ucc $45,858 $57,997 $66,175 $92,701 $91,887 
Imports for consumption? —----------—-— 4,979 6,046 7,245 6,271 7,518 
ΚΟ equivalent Mu cR 2,961 8,587 4,326 13,797 4.594 
Value uo mm. ⁵³Ä E eI. Coe $119,666 $145,693 $236,747 $267,248 $344,229 
Apparent consumption s 8.279 9,641 10,538 8,671 10,508 
KsO equivalent 4,815 5,563 6,084 75,112 6,149 
Yearend producers' stocks, 
KsO equivalent 468 206 212 619 519 
World production, marketable, 
KzO equivalent 20,841 723,310 126,228 127,352 26,876 
F. o. b. mine. 
zExcludes potassium chemicals and mixed fertilizers. 
3F a.s. U.S. port. 


*U.S. customs value. 
5Measured by sales plus imports minus exports. 
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area was opened and another was closed. 
Two producers announced increases in syl- 
vite ore reserves, both in zone 1 of the 
Carlsbad deposits. Two organizations began 
exploratory drilling in Montana and North 
Dakota, and a preliminary evaluation indi- 
cated that solution mining at depths of 
1,000 to 9,000 feet was technically feasible. 
A U.S. potash producer began exploratory 
drilling in Utah with an intent of solution 
mining at depths of around 6,000 feet. 

Five U.S. producers were indicted by the 
U.S. Department of Justice for allegedly 
restricting potash trade and production and 
fixing prices. The trial was scheduled to 
begin in January 1977. 

Exploratory drillings were made in the 
Carlsbad area to evaluate mineral resources 
in the region of a potential salt-bed reposi- 
tory for nuclear reactor wastes. An eco- 
nomic-engineering analysis was begun in 
late 1976 by the Federal Bureau of Mines to 
determine whether the repository would 
significantly reduce reserves of potash in 
the area. : 

Potash production in Canada, all muriate, 
decreased to 5.51 million tons and produ- 
cers' inventories also decreased. Overseas 
exports decreased to 0.99 million tons 
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whereas exports to the United States in- 
creased to 4.44 million tons. Domestic con- 
sumption in Canada increased to approxi- 
mately 0.27 million tons. The government of 
the Province of Saskatchewan began acqui- 
sition of the Province's potash industry by 
purchase of a mine and mill from Duval 
Corp. of Canada. Appraisal of two other 
mine-mill units was completed, and apprai- 
sal of a third began. The government's 
announced intention was to acquire control 
of 50% of Saskatchewan's potash industry 
by 1979. Litigation continued in Saskat- 
chewan courts regarding the legality of the 
Province's reserve tax and other Provincial 
taxes. 

World production of potash decreased 2% 
to 26.9 million tons of Κ.Ο equivalent. 
Production decreases in North America and 
in Western Europe were not quite counter- 
acted by production increases in Eastern 
Europe. Producers’ inventories remained 
high in much of Western Europe because 
demand was lower than anticipated. 

The Bureau of Mines continued potash 
beneficiation experiments aimed primarily 
at improving potash recoveries from high- 
clay sylvite ores. 


DOMESTIC PRODUCTION 


U.S. production of marketable potash 
salts decreased 4% to 2.40 million tons of 
Κ.Ο equivalent. Sulfates of potash, inclu- 
ding purchased muriate that was converted 
to sulfate, comprised 16% of total pro- 
duction compared with 15% in 1975. Pro- 
duction of standard-grade muriate decreas- 
ed 8% to 0.99 million tons of Κ.Ο, whereas 
output of coarse grade increased 10%. Pro- 
duction of granular grade remained con- 
stant. 

In New Mexico, the source of 83% of U.S. 
production in 1976, nine underground 
mines were operated near Carlsbad by 
AMAX Chemical Corp., Duval Corp. (two 
mines), International Minerals & Chemical 
Corp., Kerr-McGee Chemical Corp., Missis- 
sippi Chemical Corp., National Potash Co. 
(two mines), and Potash Co. of America. The 
average Κ.Ο content of ores mined in New 
Mexico declined to 14.8% in 1976 from 
15.2% in 1975. These ores had contained an 
average of 17.5% Κ.Ο in 1966. 

Three companies produced potash in 
Utah: Texasgulf, Inc., working an old room- 
and-pillar mine near Moab by solution mi- 
ning; Great Salt Lake Minerals & Chemi- 
cals Corp., producing potassium sulfate 


from brines from the Great Salt Lake; and 
Kaiser Aluminum & Chemical Corp., treat- 
ing near-surface brines near Wendover. In 
California, potash continued to be produced 
from Searles Lake brines by the Kerr- 
McGee Chemical Corp. 

AMAX Chemical Corp. undertook capital 
programs at its New Mexico facility to 
somewhat expand ore reserves and increase 
production capacity. 

Duval Corp. opened its North mine in 
New Mexico in March and thereby planned 
to increase total muriate production capaci- 
ty to 210,000 tons of ΚΟ equivalent by late 
1977. 

Great Salt Lake Minerals & Chemicals 
Corp. developed a proprietary process for 
converting purchased muriate of potash 
into sulfate of potash; this was one of the 
steps taken to reduce dependency of output 
on Utah weather. Wet weather, which had 
diluted brine in the Great Salt Lake and in 
the solar evaporation ponds, abated in 1976. 
Α unique commercial flotation process for 
concentrating schoenite, prior to conversion 
to sulfate of potash, went onstream in 
January 1976. 
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Table 3.—Production and sales of potash in New Mexico 
(Thousand short tons and thousand dollars) 
Potash ore! 
Marketable potash 
Period Production Sold or used 
Gross Καθ Gross Καθ Gross K30 
weight equival weight equival- weight equivalent Value? 
ent ent 
1975: 
January June 9,156 1.402 2,037 1.079 1,603 846 778,988 
July-December ___------- 8,653 1,298 1,817 1,002 1,618 903 76,634 
Total 17,809 2,100 3,854 2,081 3,221 1,749 150,622 
1976: 
January June 8,583 1,289 1,876 1,005 2,069 1,098 92,144 
July-December _--------- 8,725 1,271 1,834 984 1,820 985 72.610 
W ers 17,308 2.560 3,710 1.989 3.889 2.083 165,354 
ISylvinite and langbeinite. 
.o.b. mine. 
Table 4.—Salient statistics on sulfates of potash ! ? 
(Thousand short tons of K- O equivalent) 
Item 1972 1973 1974 1975 1976 
Production ____ - εν ee ꝛ ¼mm v ωξ- 325 376 394 386 381 
Sales by producers __ _ _ _ „„ 293 899 387 816 371 
F on α τοξο a rue ui LE 86 101 153 129 114 24 
j ᷣͤ-Vys y y I I LI LI 1 34 27 3 
Apparent consumption ----- 223 280 285 24 
Yearend producers’ stockkkhůbwn hkk ͤ„ „„ 81 40 29 90 81 


1Potassium sulfate plus potassium magnesium sulfate; source: Potash Institute, Atlanta, Ga. 
*Includes sulfate of potassium produced by conversion of purchased muriate of potassium. 


International Minerals & Chemical Corp. 
leased acreage in northern Montana where 
supposed deposits of potash may have 
solution-mining potential. 

Kaiser Chemicals announced construc- 
tion by 1979 of an 8,000-acre, $3 million 
solar evaporation system to replace the old 
system at Wendover, Utah. The new system 
was scheduled to operate until 1995. 

Mississippi Chemical Corp. began mod- 
ernization and expansion of its flotation 
plant in New Mexico during late summer. 
The plant was closed approximately 4 
months during the second half of 1976 and 
remained closed at yearend. Planned an- 
nual capacity of the renovated plant was 
approximately 180,000 tons of Κ.Ο equiva- 
lent. The product, all muriate of potash, was 
to be used exclusively to manufacture ferti- 
lizer mixtures made in captive plants and 
marketed by Mississippi Chemical Corp. 

National Potash Co. closed its Eddy Coun- 
ty mine near Carlsbad in November when 
recovery of all available ore was completed. 
All future mining and milling was to be 
done at the Lea County mine site at a re- 
duced annual capacity of near 240,000 tons 


of Κ.Ο equivalent. Sylvinite ore from the 
Lea County mine, which had been opened in 
1974, was leaner than that from the Eddy 
County mine. 

The potash reserve in Potash Co. of 
America's New Mexico mine was increased 
by about one-half to 5.5 million tons of Κ.Ο 
equivalent, all as muriate. The increase 
resulted largely from planned use of secon- 
dary mining techniques and newly defined 
ore body limits. The new reserve estimate 
allowed planned mining of this rich (25% 
s deposit to be extended into the late 
1980's. 

Texasgulf, Inc., determined that the re- 
maining reserve in its Cane Creek mine in 
Utah is sufficient to allow potash recovery 
by solution mining for about 10 years at 
current rates of removal. Solution mining 
experimentation continued in new wells 
near Moab. A substantial resource of potash 
was indicated by the U.S. Geological 
Survey? in the Paradox Basin in Utah. The 
deposit occurs over a depth range of 5,000 to 


*Hite, R. J. A Potential Target for Potash Solution 
Mining in Cycle 13, Paradox Member, Near Moab, Utah. 
U.S. Geol. Survey Open- File Rept. 76-755, 1976, 5 pp. 
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Figure 1.—Marketable production, apparent consumption, exports, and imports of 
potash measured in K;O equivalent. 


6,500 feet and has potential as a solution- 
mining target. 

An indictment was filed on June 29 by 
the Antitrust Division of the U.S. Depart- 
ment of Justice in U.S. District Court, 
Northern District of Illinois, charging five 
U.S. producers with restricting trade by 
curbing U.S. production and stabilizing U.S. 
prices at noncompetitive levels and conspi- 
ring to coordinate U.S. and Canadian pro- 
duction and prices for potash; they were 
also indicted for coordinating exports of 
potash from the United States and imports 
of offshore potash into the United States. 
The case related to the prorationing system 
enforced by the Provincial government on 
the potash industry in Saskatchewan, Cana- 
da, from 1970 to 1974 and covered only that 
period of time. The criminal trial was sched- 
uled to begin in January 1977. The potential 
fine was $50,000 per producer. The States of 
Illinois and Connecticut and some 30 other 
potash users filed class-action civil suits, 
mostly in the same Illinois court, seeking 
damages from the potash producers for the 
higher prices paid for potash during 
prorationing. 


Leasing of Federal land near Carlsbad 
was renewed at mid-1976 after a 2-year 
moratorium caused by environmental consi- 
derations. 

Exploratory drilling began on a southern 
extension of the Williston basin, in the 
Montana-North Dakota area near the Sas- 
katchewan border, by two parties, Kalium 
Chemicals, a division of PPG Industries, 
Inc., and Farmers Potash Co., a combine of 
Burlington Northern, Inc. and C. F. Indust- 
ries, Inc. Land leasing had begun in 1975. 
Five holes had been drilled by yearend at a 
cost of about $3 million in Burke and 
Bottineau Counties in North Dakota and in 
Daniels and Sheridan Counties in Montana. 
Preliminary data indicated that solution 
mining is technically feasible at depths of 
7,000 to 9,000 feet. Engineering evaluations 
for commercial development were expected 
to be completed in 1977, Local lignite would 
be used for this energy-intensive operation. 
Immediate construction of pilot wells and 
mills was indicated, the main scheduling 
deterrent being local environmental con- 
siderations. Unit size for a commercial 
solution-mining operation would be about 1 
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Table 6.—Sales of North American potash 
to U.S. customers, by type and grade 


(Short tons οἵ Κ.Ο equivalent) 
1975 1976 
Agricultural: | 
Muriate of potash: 
Standard li 1,065,094 1,174,355 
CCC 1,810,745 2, 270,698 
Granular _________ 1,186,748 1.642, 338 
Soluble __________ 298,325 396,980 
Sulfate of potash _______ 113,896 128,336 
Potassium magnesium sul- 
τι ee μα 84,570 115,324 
Total 4,559,378 5, 728,031 
Nonagricultural: 
Muriate__________ 197,284 186,604 
Soluble muriate _ _ _ _ _ 67,522 89,917 
Sulfate of po tas 3,278 3, 
Total 268,084 280,079 
Grand total 4,827,462 6,008,110 


Source: Potash Institute, Atlanta, Ga. 


million tons of K;O equivalent at a capital 
cost of about $300 million. Estimated re- 
Sources were sufficient to satisfy U.S. de- 
mand for centuries. 

Exploratory driling was completed for 
evaluating potash resources in a 29.6- 
square-mile area 35 miles east of Carlsbad, 
N. Mex. This area had been selected by the 
U.S. Energy Research and Development 
Administration (ERDA) as the prime candi- 
date for its nuclear Waste Isolation Pilot 
Plant (WIPP) project. Storage would be 
realized by about 1983 in a 2,000-foot-thick 


halite bed at a depth of about one-half mile 
if the area was determined to be geological- 
ly, ecologically, and economically suitable. 
Two potash-mining leases would be affected. 
In late 1976, the Federal Bureau of Mines 
began an engineering-economic study to 
determine the potential potash reserves 
that would be removed by construction of 
WIPP. The Bureau's reserve estimate, ba- 
sed on 21 exploratory holes drilled for 
ERDA and on previous drillings, was ex- 
pected during 1977. 


CONSUMPTION AND USES 


Apparent domestic consumption of pot- 
ash increased 20% to 6.15 million tons of 
Κ.Ο equivalent; approximately 9596 of this 
was used in the fertilizer industry and the 
balance in chemicals manufacture, mainly 
in production of caustic potash. Consump- 
tion was stimulated by price reductions 
during the summer. 

The north-central States of Illinois, Indi- 
ana, Iowa, Ohio, Minnesota, and Wisconsin 
purchased 5296 of all agricultural potash, 
compared with 53% in 1915. 

Total sales in the United States of muri- 


ate of potash for agricultural purposes fol- 
low: Standard grade, up 1060 to 1.17 million 
tons Κ.Ο, coarse grade, up 25% to 2.27 
million tons K,O, granular grade, up 38% to 
1.64 million tons Κ.Ο; and soluble grade, up 
33% to 0.40 million tons K- O, according to 
the Potash Institute. 

Apparent consumption of potassium sul- 
fate and potassium magnesium sulfate com- 
bined increased 16% to 0.28 million tons of 
Κ.Ο, according to the Potash Institute. 
However, 1975 apparent consumption had 
dropped 15% compared with that of 1974. 


STOCKS 


Domestic producers' inventories decreas- 
ed during 1976 by 0.10 million tons to 0.52 
million tons of Κ.Ο equivalent; most of this 
decrease occurred during the first half of 


the year. These stockpiles had increased in 
1975 by 0.41 million tons. Producers' inven- 
tories of sulfates of potash decreased 10% in 
1976 to 0.08 million tons of Κ.Ο. 


1142 


MINERALS YEARBOOK, 1976 


PRICES 


Domestic prices for muriate of potash 
decreased significantly below the 1975 
highs, particularly during the latter half of 
1976, when the average price for the three 
common grades of muriate dropped to 
$59.93 per ton of Κ.Ο equivalent, or 21% 


below the 1975 average. The price of stand- 
ard muriate was particularly depressed be- 
cause of lack of demand in the domestic 
market. Sulfate of potash prices continued 
to climb significantly. 


Table 7.— Bulk prices of U.S. potash, by type and grade ! 
(U.S. cents per unit Κ.Ο) 


1975 1976 
1973 1974 

January June July-December January June July-December 

Muriate, 60% K0 mini- 
Standard _________ 34.60 52.65 76.23 76.97 69.21 56.82 
3 37.92 53.37 75.05 76.19 70.60 62.99 
Granula 38.81 51.27 72.98 74.92 74.41 64.41 
All muriate 7 ______ 36.39 52.50 75.19 76.56 70.80 59.93 
Sulfate, 50% K30 minimum 82.68 110.79 163.39 181.63 3177.00 3224.02 


1 Average prices based on actual sales, f.o.b. mine. 
?Excluding soluble and chemical muriates. 


Average price includes price of sulfate produced by conversion of purchased muriate. 


FOREIGN TRADE 


Total U.S. exports* of potash increased 
21% to 0.95 million tons of KsO equivalent. 
Areas receiving these exports were Latin 
America, 55%, Oceania, 2196, Asia, 17%, 
and other, mainly Western Europe, 7%. 
Exports of sulfates of potash increased 9% 
to 0.12 million tons of Κ.Ο. Exports of 
potash to Brazil, the main recipient coun- 
try, increased 34% to 0.38 million tons of 
Κ.Ο. New Zealand became the second 
largest importer of U.S. potash; exports to 
that country approximately doubled to 0.16 
million tons of Κ.Ο. Japan remained the 


largest importer of U.S. sulfates of potash. 

Potash imports, 97% from Canada, in- 
creased 21% to 4.59 million tons of Κ.Ο 
equivalent. Muriate of potash comprised 
9996 of these imports. Israel remained the 
second-place supplier, providing nearly 2% 
of U.S. imports in 1976. Imports from cen- 
trally controlled economy countries more 
than doubled but remained below 0.03 mil- 
lion tons of Κ.Ο. 


*Salient U.S. trade data includes only muriate, sulfate, 
nitrate, and potassium magnesium sulfate. 
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WORLD REVIEW 


Potash production in 1976 continued to 
rise in Eastern Europe, although at a slower 
rate than in previous years, and continued 
to decrease in the Western World. Eastern 
European production increased 596 to 12.6 
million tons of K: O equivalent; production 
in Western Europe, including Israel and the 
People's Republic of the Congo,“ and North 
America decreased 8% and 7% to 5.8 and 
7.9 million tons of Κ.Ο, respectively. 

The apportionment of world production 
was Eastern Europe, 47%, North America, 
29%, Western Europe, including Israel and 
the People's Republic of the Congo, 22%, 
and others, mainly the People's Republic of 
China, 29v. The U.S.S.R. and Canada con- 
tinued as the first and second largest produ- 
cers, with 34% and 21% of the world's 1976 
output, respectively. 

The only significant capacity increases 
during 1976 were in Eastern Europe, partic- 
ularly in the U.S.S.R. where export markets 
including Western markets were sought. 

The only significant expansion that 
occurred in Western Europe in the 1970's 
was the construction of the Boulby mine in 
the United Kingdom which was expected to 
produce at about one-half capacity in 1977; 
reported capacity was 0.55 million short 
tons of Μ.Ο per year. 

Each of the three major potash-producing 
world blocs, North America, Western Eu- 
rope, and Eastern Europe, remained self- 
sufficient in potash. North American net 
export decreased 3% in 1976 to 1.76 million 
tons of Κ.Ο. Net export from Eastern Eu- 
rope increased 296 to 1.71 million tons. West 
European net imports increased 4% to 0.13 
million tons in 1976. Approximately 60% of 
world consumption was in producing coun- 
tries. Total world demand increased about 
10% to approximately 26 million tons of 
Κ.Ο indicating a cessation of the previous 
rapid buildup of producers' inventories. 

An anticipated increase in Western Eu- 
ropean consumption in 19776 was not realiz- 
ed, partly because of a drought; consequent- 
ly, producers' inventories remained high. 

Combined exports in 1976 of the two 
Eastern European producers, the U.S.S.R. 
and East Germany, remained at about 5.1 


million tons, equaling about 40% of 1976 
production. Areas receiving these exports 
were other Eastern European countries, 
66%; Western Europe, 20%; Asia, 8%; and 
Latin America, 6%. Eastern European ex- 
ports to Latin America increased 85% to 
0.33 million tons. 

Total exports from Western European 
primary-producing countries, which includ- 
ed, in order of production volume, West 
Germany, France, Israel, Spain, the Peo- 
ple's Republic of the Congo, and Italy, 
decreased 3% to 2.08 million tons of ΚΟ. 
Areas receiving these exports were Western 
Europe, 58%; Asia, 1596; Africa, 13%; Latin 
America, 9%; North America, 5%; and 
Eastern Europe, 2%. 

A new trade organization, Austria, Kali- 
Export GmbH based in Vienna, was formed 
to administer export trade by West Ger- 
many, France and the People's Republic of 
the Congo, Israel, and the United Kingdom. 

Total overseas exports from North Ameri- 
ca decreased 10% to 1.90 million tons. Areas 
receiving these exports were Asia, mainly 
Japan, 4696; Latin America, mainly Brazil, 
36%; Oceania, 13%; Western Europe, 4%; 
and others, 190. 

Total world shipments to nonproducing 
nations decreased 2% to 8.54 million tons; 
receiving areas were, in order of volume, 
Eastern Europe, mainly Poland and Hun- 
gary, 39%; Western Europe, mainly Bel- 
gium and the United Kingdom, 21%; Asia, 
mainly Japan and India, 19%; Latin Ameri- 
ca, mainly Brazil, 14%; Africa, mainly the 
Republic of South Africa, 4%; and Oceania, 
3%. Major suppliers were East Germany 
and the U.S.S.R. to Eastern Europe; Cana- 
da, East Germany, the U.S.S.R., West Ger- 
many, the United States, and Israel, in 
order of volume, to Asia; and the United 
States, East Germany, Canada, the U.S.S.R. 
and West Germany, in order of volume, to 
Latin America. Imports into Brazil, the 
market-economy world's largest nonpro- 
ducing importer, increased 46% to 0.83 
million tons. Imports into Japan, the second 


‘Israel and the People’s Republic of the Congo are 
included in Western Europe because they were in the same 
trading block. 
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largest nonproducing importer in the 
market-economy world, decreased 2996 in 
1976 to 0.70 million tons of K. O. Large user 
inventories were reported in Asia. 

Total 1976 exports of potassium sulfates 
from Western European producing coun- 
tries increased 496 to 0.56 million tons of 
Κ.Ο. Of this, 50% was shipped to nonpro- 
ducing Western European countries. East 
Germany, the only other sulfates exporter 
except for the United States, increased 
sulfate exports by about 5096 to approxi- 
mately 0.10 million tons of Κ.Ο. Of this, 
about 80% was shipped to Eastern Eu- 
ropean countries. 

Brazil.—A consortium of government and 
private concerns was formed to undertake a 
feasibility study and build a pilot plant to 
exploit the carnallite and sylvinite deposits 
in the Sergipe Basin. Reserves and re- 
sources of potash in Brazil were estimated 
to be 60 million and 300 million tons of K,O 
equivalent, respectively. 

Brazilian consumption of potash increas- 
ed 40% in 1976 to 0.78 million short tons of 
Κ.Ο, all of which was imported. 

Canada.—Production remained at little 
more than 50% of capacity during the first 
6 months because of lagging U.S. demand at 
the farm level, lower overseas sales, and 
high producers' inventories. Substantial 
price cuts during the summer increased 
sales greatly in the second half of the year. 
However, total 1976 production decreased 
8% to 5.51 million tons. Producers' invento- 
ries decreased by only 0.21 million tons to 
0.88 million tons of Κ.Ο equivalent; of this, 
49% was standard grade muriate or finer. 
Overseas exports decreased 27% to 0.99 
million tons reflecting both decreased de- 
mand and increased competition abroad. 
Areas receiving these exports during 1976 
. were Asia, 73%; Latin America, 17%; and 
others, mainly Oceania, 10%. 

Exports to the United States increased 
. 27% to 4.44 million tons of K. O. Domestic 
consumption in Canada increased by about 
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9% to approximately 0.27 million tons of 
Κ.Ο. Imports, mostly sulfates of potash 
from the United States, remained at about 
19,000 tons of Κ.Ο. 

International Minerals & Chemical Corp. 
(Canada). closed their K-2 mine at Ester- 
hazy in January for an indefinite period; 
however, it was reopened in September 
because of the improved market. A new 
heavy-media circuit was put onstream in 
September. Effective total annual capacity 
at Esterhazy was increased 16% to about 2.7 
million tons of Κ.Ο by yearend. 

Sylvite of Canada, Ltd. purchased a third 
Marietta continuous miner in 1976. Alwin- 
sal Potash of Canada, Ltd., ordered a new 
continuous miner; the firm's facility was 
shut down for part of 1976 because of major 
Storm damage. Several facilities added more 
compaction presses for conversion of stan- 
dard-grade muriate into coarser fertilizer- 
blending grades. Many producers stated 
that further capacity expansions were inhi- 
bited by the high level of Provincial tax- 
ation, which, combined with Federal taxes, 
prevented realization of a reasonable return 
on their investment. Provincial taxes alone 
averaged about $20 per ton of Κ.Ο for 
Saskatchewan fiscal year 19776. 

The government of the Province of 
Saskatchewan began acquisition of the 
Province's potash industry by the purchase 
in October of Duval Corp. of Canada's mine 
and mill near Saskatchewan. Legislation 
enabling expropriation had been passed by 
the Saskatchewan government in January, 
although the government reportedly plann- 
ed to acquire the properties by negotiation. 
Near yearend the government announced 
plans to expand its newly acquired facility, 
renamed Cory Limited, by 25% to an annu- 
al capacity of about 0.9 million tons οἵ K. O; 
this included procurement of a new contin- 
uous miner. The Potash Corp. of Saskat- 


5Data on Canadian production, inventory, and overseas 
exports were supplied by the Potash Institute, Atlanta, Ga. 


Table 12.—Salient statistics on Canadian potash 
(Short tons of K,O equivalent) 


Inventory at yearend 


mestic consumption _ ______----_----~-------- 


1975 1976 
aaa ae pen σας 5,991,840 5,506,996 
MR ahem oye eee ee. 3,758,986 4,715,840 
C A ee 3,507,920 4,441,541 
J 8 1.353,742 986,580 
33 (C 1,090,963 880,754 
JJ ĩᷣͤ RUN 251,066 214,299 


Source: Potash Institute, Atlanta, Ga. 
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chewan, the government-owned operator of 
government-acquired mines, completed 
appraisal of two more mines, owned by 
Sylvite of Canada, Ltd., and Alwinsal Pot- 
ash of Canada, Ltd., respectively, and nego- 
tiations for acquisition of the Sylvite facility 
were progressing by yearend. Government 
appraisal of Central Canada Potash Ltd.’s 
mine was begun, and plans for appraisal of 
the Allan mine owned by A.P.M. Operators 
Ltd. were announced at yearend. A Sas- 
katchewan government representative 
announced that acquisition of 50% or more 
of the Saskatchewan potash industry would 
be completed by 1979. The main sales office 
of the Potash Corp. of Saskatchewan was 
established in Atlanta, Ga., and the gov- 
ernment-owned firm became a member of 
the Potash Institute. 

Kalium Chemicals Ltd., Amax Chemical 
Corp., and Potash Co. of America Ltd. 
withdrew their membership from Canpotex 
Ltd., the Canadian export association. The 
Potash Corp. of Saskatchewan joined Can- 
potex. 

Nine potash producers filed, in May 1976, 
an action in the Court of Queen's Bench in 
Regina, alleging breach of contract by the 
Saskatchewan government in connection 
with the reserve tax and prorationing fees. 
Under an agreement signed in 1960, the 
government had agreed not to increase 
royalties or royalty-like charges for a period 
of 21 years. Both this suit and those filed by 
industry in 1975, maintaining that the re- 
serves tax and the prorationing fee are 
unconstitutional, were pending at yearend. 
Industry claimed that the heavy tax struc- 
ture was excessive and prohibited expan- 
sion. The Provincial government refused to 
modify the tax structure and continued to 
recommend expansion. The Canadian Pot- 
ash Producers' Association pledged to con- 
tinue to seek tax reform. 

The Supreme Court of Canada ruled on 
October 5, 1976, that, in the event the 
reserves tax and the prorationing fee were 
declared ultra vires, producers could reco- 
ver all back reserve taxes paid to the 
Saskatchewan government. That govern- 
ment had legislated that retroactive taxes 
did not have to be returned to the produ- 
cers; subsequently, 11 potash producers had 
filed suit alleging that enactment of this 
legislation exceeded the power of the Prov- 
ince. As a result of the Supreme Court 
decision, most of the reserve taxes that had 
been withheld by the producers were re- 
linquished to the government. 
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The Saskatchewan Court of Queen's 
Bench had ruled in May 1975 that the 
prorationing legislation enacted by the 
Saskatchewan government in 1969 was un- 
constitutional. The suit had been filed by 
Central Canada Potash Ltd., later joined by 
the Attorney General of Canada. After this 
ruling, most producers withheld payment of 
the prorationing fee, $1.20 per ton. How- 
ever, the Saskatchewan Court of Appeal 
overturned this ruling on January 11, 1977, 
declaring that the prorationing legislation 
was constitutional. Central Canada Potash 
Ltd. then filed an appeal on January 20, 
1977, with the Supreme Court of Canada. 

Promising potash exploration continued 
in New Brunswick, Canada. Drilling by 
International Minerals & Chemical Corp. 
outlined a rich sylvinite deposit averaging 
29% Μ.Ο in a 70-foot-thick bed within a 2- 
square-mile area near Salt Springs in Kings 
County. Ten holes were drilled in 1976. On 
the basis of seven holes that intersected the 
deposit, bed thickness and grade were found 
to be variable. The bed was located on one 
side of an anticline, and faulting was indi- 
cated. Bed depth ranged from 2,000 to 3,400 
feet. The bed was underlain with a thick 
deposit of 98% halite. The intent was to 
combine halite and potash mining at the 
same location. Exploratory drilling was ex- 
pected to continue throughout most of 1977. 
The company had been licensed by the 
Province of New Brunswick to explore a 77- 
square-mile area. 

The Potash Co. of America continued 
exploration of a sylvinite potash deposit 
near Sussex, Kings County, New Bruns- 
wick. Exploratory drilling was terminated 
in August; nearly 30 exploratory holes had 
been drilled over a 3-year period. This 
deposit was found to be folded and to 
contain, reportedly, some carnallite. The 
company notified the New Brunswick gov- 
ernment in October that they would submit 
a plan for commercial development within 1 
year. 

The Province of New Brunswick passed 
legislation in late 1976 fixing the royalty on 
mineral products at 6.5% of the average 
world market price for the first 15 years of 
plant production. 

It appeared that commercial development 
of the New Brunswick deposits is technical- 
ly feasible although overall production costs 
would likely be higher than in Saskatche- 
wan. An indicated advantage was that the 
New Brunswick deposits are near an Atlan- 
tic port. 


1152 MINERALS YEARBOOK, 1976 


Table 13.—World 


(Thousand short tons 


Sou 


g 


Importing areas Canada France? 9 j Germany : Israel 


1975 1976 1975 1976 1975 1976 1975 1976 1975 1976 


Africa 
South Africa, Republic offt 10 20 80 65 63 48 -- NT ἘΜῊ 24 
Other S ³˙ A 8 ug T 52 56 5 4 12 3 = = 11 
Total Africa 10 20 132 121 68 52 12 3 ο. 35 
Asia: 
7%Gõö˙ê¹ wm h 8 90 TON E E τα DM 16 21 M ae 
India. ·o;¾ A Se ee 82 93 nc 20 97 122 135 M 
%%%%%ͤ%ͤ— ʒ ͤmui: . 429 315 9 31 125 52 29 100 34 
Korea, South  .........-..... . 298 103 "e V e AM ΜΕ T — EN 
aysia —— o 52 50 18 ος 1 ΕΝ ΚΝ M e 44 
Philippines 26 21 me Dec 2 1 Pes Ene des 1 
Taiwan ``- 37 100 eas m 11 E SP 8 OF ο 
ο μπαμ μμ. 24 28 14 22 24 21 31 44 1 em 
Total Asia 1,088 716 41 53 183 171 198 223 101 79 
Latin America 
OSE clum ἐν ος δώ] ῶ 126 142 : 31 57 67 67 137 ο 19 
| μα νε ο σα Er TE MG 17 1 56 68 mc n 
Mexico A ͤ AA Rm i P FEM "P κ. x Bre RN "n 
Other. c 4 21 2 2 23 12 -- 16 EE 2 
Total Latin America 173 163 24 33 97 86 123 221 E 21 
North America: 
Canada . _ _ _ --- XX XX MS uS -- ae — = == oe 
United States 3,508 4,442 29 EN 30 22 17 n 82 53 
Total North America 3,508 4,442 29 ΚΞ 30 22 17 — 82 53 
Oceania: ΘΝ . es 
Australia  ... ...--.---------- 62 59 ae ae 2 ] mes ἜΝ T iet. 
New Zealand 81 v m EE 1 2 A add der Lr 
Total Oceania 93 59 acm ae 3 3 8 EN Ey ΚΕ 
Western Europe 
Austria ελα 8 9 5 22 45 80 66 SN. ΚΗ 
Belgium -...------------- oc "X 56 60 108 46 44 7 EUR 11 
ον τν 88 σος kr XX XX 13 11 25 85 I 
Ireland __ e 34 38 19 46 28 41 1 18 
))öͥüöͤͥͤͥͤͤ 8 11 21 43 62 6 6 34 38 85 70 
Netherlands ............----- - WA 26 29 42 29 35 18 20 
Scandinavia wr --- 5 208 199 128 93 22 24 
218 Kingdom 6 8 49 38 119 83 113 169 ue 46 
JJ μμ» 23 uut 97 15 12 14 42 79 10 NS 
Total Western Eurode 40 29 370 312 529 494 509 559 0221 189 
Eastern Europe 
Czechoslovakia JJC eRe ne ἘΠ -- — ae 13 — 543 532 n ΜΡ 
Hungary ....---------------- > ‘see E 2 __ 19 8 7195 295 __ ze 
C „ eo de 9 30. ο. 05 x 
AVIS n ncc ll cec ue κε E M ΗΕ 
OP ce a A ee EAA ET eae Sie 2 5 19 3 69 14 Z us HE 
Total Eastern κα 5 e PA 4 5 65 31 1,525 1,530 E MXN 
World total ..... .....--- 4,862 5,429 600 524 975 859 2,384 2,536 404 877 
XX Not applicable. 


Data on U.S. and Canadian exports supplied by the Potash Institute; data on exports from other countries supplied by 
the International Phosphate Industry Association (ISMA, Ltd.), Paris, France. 
Includes Congolese exports. 
3Excludes Belgian exports to avoid double counting. 
*Source country breakdown incomplete for 1975. 
, Includes imports from the United States only. 
Scandinavian imports from France, West Germany, and Israel taken from Phosphorus and Potassium, No. 85, 
October/November 1976, published by the British Sulphur Corp., Ltd. 
"Hungarian imports from East Germany taken from Phosphorus and Potassium, No. 87, January/February 1977. 
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trade in potash’ 
of K,O equivalent) 
countries 
Italy Spain coe USSR. Belgium Total ? 

1975 1976 1975 1976 1975 1976 1975 1976 1975 1976 1973 1974 1975 1976 
ae τ. ae 13 3 3 D x 16 4 186 201 1202 173 
31 29 30 2 ως. ..... κα 10 16 94 140 130 130 
31 29 30 40 3 3 __ ore 26 20 280 341 4332 303 
a Ee te POR x E E FR 39 160 106 21 
% Ea ent ΝΞ 431 463 231 328 

AE 8 2 95 106 191 133 2: 27 822 948 986 696 

12 3 12 15 3 MD 149 206 322 121 
EE 12 l9. ims ο Άτα s 55 67 83 113 
αν ο ία ον 23 18. το 1nd Uus. ας 41 68 51 47 
PP 51 1 Ὃν SSS ον ος 74 118 ( 101 
P 5 .. .. 10 2 51 37 3 170 155 155 159 
12 8 8 2 203 161 249 173 23 30 1,781 2.185 2,033 1,586 
2 Em ner 12 282 377 ae 43 € 5 513 102 *569 828 
% UN 56 68 |— 3 93 128 132 143 
„ 11 70 70 _ BRE 55 56 το 81 
4 5 2 17 59 73 TANE 197 235 134 148 
6 5 2 40 411 520 56 111 . 8 85 1,121 *905 1,200 
CI 20 119 -- ee 525 528 20 19 
3 6 __ 6 XX XX 36 16 13 3.770 4.367 3.702 4.539 
ET 6 __ 16 20 19 36 16 13 3.795 4.395 3.722 4.558 
"V 45 „ 112 138 109 97 
3 75 156 16 17 22 219 175 123 175 
2.2 `- 22 2. 10 198 16 ων ux 331 313 232 272 
CET TOL 55 36 κας 171 230 166 152 
3 6 15 5 6 105 108 XX XX 992 768 324 253 
„ 4 20 46 68 256 204 147 58 
5 9 18 - iat. sam επ. 3 135 114 4119 161 

XX XX 2 8; uu .ες 66 35 2 209 228 247 240 
HAN 2 7 __ Lk 28 40 20 29 170 210 4160 173 
5 14 42 18 157 118 . 49 587 513 6585 499 
6 43 4 14 76 79 8 355 442 4415 480 

15 12 13 σα CRECEN 55 21 126 186 212 221 
15 12 48 165 21 41 530 436 121 180 3,001 2.895 42,375 2.237 
202 22 22 206 1699 — 538 521 762 701 
L2 22 22 23381 242 lj 347 397 597 545 
αν 22 22 22 81,214 _ 7 1,503 1,481 1.751 1,734 
f ....... ο. «επ ανν 229 314 202 
— --- ο... .ᾱ 66 10 | „ 103 91 157 187 

1 t M ENT fee _. 1,830 1,803 Am 7 2,720 2,804 3,425 3,369 


65 60 88 263 784 937 2,717 2,540 186 258 12,766 14.054 413,024 13,525 
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Congo, People's Republic of the.— Pro- 
duction of potash from sylvinite beds con- 
tinued to become increasingly less competi- 
tive and profitable because of technical and 
political problems. The beds were folded 
and irregular in thickness. Production fell 
by approximately 10% in 1976 to about 0.28 
million tons of Κ.Ο equivalent. Compagnie 
des Potasses du Congo was searching for 
new investors to develop the extensive and 
potentially more profitable Congolese car- 
nallite deposits. The French Government 
attempted, without success, to disengage 
itself from the Congolese potash production 
industry in 1976. 

France.—The 1975 downtrend in French 
potash production continued into 1976 be- 
cause of high French inventories and con- 
tinuing low demand in Western Europe. 
Production decreased 16% to 1.77 million 
tons of Κ.Ο equivalent. Producers’ invento- 
ries decreased 14% to 0.33 million tons of 
Κ.Ο. However, an encouraging revival in 
the domestic market occurred near year- 
end. = 

Combined exports from France and the 
People’s Republic of the Congo, 60% of 
which went to Western Europe, decreased 
13% to 0.52 million tons of Κ.Ο. 

An agreement to control discharge by the 
Alsatian potash industry of byproduct salt 
into the Rhine River was reached by 
France, West Germany, Luxembourg, the 
Netherlands, and Switzerland. Discharge 
from the French mines was to be limited 
immediately to 130 kilograms of chloride 
ion per second, and this pollution was to be 
reduced, in three stages, by nearly 5096 over 
a 6-year period. The cost of the first stage, 
about $25 million, was to be borne mainly 
by the Netherlands, France, and West Ger- 


many. 
The Bollwiller mine, smallest of the four 
French potash mines, was closed in 1976. 
Germany, East— Production and exports 
of potash continued to increase moderately; 
production increased 5% to about 3.5 mil- 
lion tons of Κ.Ο equivalent, and total ex- 
ports increased 696 to 2.54 million tons of 
Κ.Ο. Export distribution was 60% to East- 
ern Europe, mostly Poland and Czechoslo- 
vakia, 22% to Western Europe, 996 to Asia, 
and the balance to Latin America. Exports 
to Latin America increased 80%, compared 
with that of 1975. About 4%, on a K. O basis, 
of the total exports was sulfate of potash. 
Muriate grade had improved since 1970 so 
that three-quarters of 1975 production was 
60% Κ.Ο quality. It was realized that pro- 
duction of coarser grades of muriate must 
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increase in order to penetrate the U.S. 
market. Potassium sulfate comprised only 
2% of production. Projected 1980 potash 
production was about 4.0 million tons. 

Germany, West—The 1975 downtrend in 
West German potash production continued 
into 1976 because of continuing low demand 
in Western Europe. Production, 14% as sul- 
fates and the balance as muriate, decreased 
8% to 2.24 million tons of Κ.Ο equivalent. 
Fifty-six percent of the muriate produced 
was premium 60% ΚΟ material; the bal- 
ance contained less than 60% Κ.Ο. Potash 
producers’ stocks were controlled and held 
at a near normal level. Domestic consump- 
tion increased 6% to 1.28 million tons of 
Κ.Ο; 10% was used in the chemical and 
related industries, and the balance was used 
for agricultural purposes. Exports, 24% of 
which was sulfates, decreased 13% to 0.86 
million tons of Κ.Ο; the export breakdown 
by world area was 58% to Western Europe, 
20% to Asia, 10% to Latin America, and 
12% to other. 

Kali und Saltz G.m.b.H., the major produ- 
cer in West Germany, drilled one borehole 
on the northern shore of Steinhuder Meer, 
west of Hannover, with the view of exploit- 
ing the potash deposit there. 

The Ronnenberg mine near Hannover, 
with a reported annual capacity of 150,000 
tons of Κ.Ο, was closed permanently be- 
cause of flooding. 

Israel.—Exports, the main outlet for Is- 
raeli potash, continued to decline, decreas- 
ing 7% in 1976 to 0.38 million tons of Κ.Ο 
equivalent. Producers' inventories contin- 
ued to increase despite a decrease in pro- 
duction late in 1976. Total potash pro- 
duction, all muriate, decreased 2% to 0.75 
million tons of K,O in 1976 after having 
increased 15% in 19775. 

Haifa Chemicals completed an expansion 
of its plant in Haifa, which produced a pure 
grade of potassium nitrate from potassium 
chloride. The new capacity was reportedly 
240,000 tons per year, equivalent to approx- 
imately 110,000 tons of Κ.Ο per year. Most 
of this increased production was destined 
for export. 

Italy.—Italy continued to rely on imports 
for most of its potash supply. Net imports 
increased 1896 to 0.18 million short tons of 
Κ.Ο equivalent. Potash production decreas- 
ed 8% to 0.15 million tons. 

Laos.—Before being evicted from Laos, 
the U.S. Agency for International Develop- 
ment outlined a sylvinite bed 10 to 15 feet 
thick in a deposit along the Mekong River 
flats near Vientiane. The depth of the bed 
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ranged from 300 to 1,400 feet. Reserves and 
resources were estimated to be 21 and 44 
million short tons of Κ.Ο equivalent, re- 
spectively. 

Peru.—The Government of Peru was re- 
portedly undertaking pilot plant tests for 
extraction of potassium chloride from brine 
deposits in the western half of the Sechura 
Desert. Estimated reserves were reported to 
be about 10 million tons of Κ.Ο equivalent. 

Spain.—Spanish potash production con- 
tinued to increase in 1976, rising 14% to 
0.58 million tons οἵ Κ.Ο equivalent or near 
full capacity. About one-sixth of this pro- 
duction was potassium sulfates. Exports, 
63% to Western Europe, about tripled to 
0.26 million tons of K,O. | 

Thailand.—A 145-foot-thick bed of high- 
grade carnallite was outlined in northeast- 
ern Thailand near the Laos border. No 
significant quantities of sylvinite had been 
located, although its presence was inferred. 
The Thailand Department of Mineral Re- 
sources partially completed a program for 
exploration drilling. Outside investment 
was sought for commercial development of 
these resources. Total reserves and re- 
sources of potash in Thailand were esti- 
mated to be 60 million and 10 billion tons of 
Κ.Ο equivalent, respectively. 

U.S.S.R.—Both production and exports of 
potash reportedly increased sharply over 
the period 1970 to 1975; annual increases 
averaged 16% for production and 14% for 
exports. Production increases were below 
target in 1976; producton rose only 496 to 
9.1 million tons of K;O equivalent, reported- 
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ly because of overestimated demand in the 
U.S.S.R. grainbelt. Reported exports for 
1976 decreased 7% to 2.54 million tons of 
Κ.Ο. Export distribution was 71% to East- 
ern Europe, mostly Poland, 17% to Western 
Europe, 7% to Asia, and 5% to other areas. 

Although 2896 of potash production was 
exported, additional foreign markets were 
being sought, particularly where U.S.S.R. 
potash could be exchanged for phosphate 
fertilizers. Major facility expansions were 
underway in the Uralkali Combine. Two 
complexes, Berezniki 4 and Novosolikamsk, 
each with a nameplate capacity of 3.2 mil- 
lion short tons KO, were scheduled to go 
onstream by the end of 1977 and 1978, 
respectively. Production forecast for 1980 
was reported to be near 13 million tons of 
Κ.Ο. 

The U.S.S.R. was reportedly procuring 16 
large compacting presses, with a total ca- 
pacity of about 1 million tons of Κ.Ο, for 
conversion of standard muriate into granu- 
lar muriate of potash to enhance its salabil- 
ity in Western markets. Granular muriate 
was being offered in the international mar- 
ket by the end of 1976. 

Longwall mining was used in some of the 
mines in the Starobinsk deposit at Sol- 
igorsk. Mineral recovery in this rich sylvi- 
nite deposit was increased, as a result of 
this longwalling, from 45% to 70%, and the 
average K. O content of the ore was increas- 
ed from 26% to 36% Κ.Ο. 

A pilot solution-mining plant began oper- 
ation at Gaurdak in Turkmenistan. 


TECHNOLOGY 


Research continued by the Federal Bu- 
reau of Mines and industry on removal of 
insoluble slimes from high-clay Carlsbad 
sylvinite ores prior to froth flotation of 
muriate of potash from halite. Bureau stu- 
dies indicated that removal of insolubles by 


a selective flocculation-flotation procedure 
should be an improvement over standard 
mechanical desliming techniques; potash 
loss in the clay-slime tailings was decreased 
significantly. 


1158 MINERALS YEARBOOK, 1976 


Table 15.—Marketable potash: World production by country 


(Thousand short tons, οἵ K- O equivalent) 


Country! 1974 1975 1976P 
a ελ a ia cares ee Se LI DUE DE 6,041 E 8 
China, People’s Republic ot 420 440 500 
"occ P cec 1314 305 280 
νο ...Ἔ....-.΄-------.-..- το 296 2,116 1,768 
Semen, ⅛ðV?V“ — αι 8,157 ,928 9,484 
Germany, West e d κος ολα ος 2,888 2,450 
FÉS| e pt Add ³· Le TR y 8 669 767 750 
Hay 2 2 7 ee i G O E 169 160 147 
apan ee Pe tee A οσα ο νι ES 436 506 577 
nited Kingdom 2... ο ο L. ee ee eee ewe ie s r12 17 50 
CESR? oco dd ̃ p AM LE iE 7,260 8,757 9,150 
United States. ²˙ꝛ.i ę ñ m yd eene mier ena ese 2,552 2,501 2,400 
TOM tu ly ⁵³˙²i ee re ³ Ad edi 726,228 21,352 26,816 


*Estimate. Preliminary. "Revised. 


iln addition to the countries listed, Australia produced small, unreported quantities of marketable potash in 1974, 


1975, and 1976. 


Data for yea ue r ending June 30 as reported in the British Sulphur Corp., Ltd., Statistical προ No. 14, November- 


December, 1 London, pp. 18-19. 


Pumice and Volcanic Cinder 


By A. C. Meisinger! 


A record high quantity of 4.18 million 
tons of pumiceous materials (pumice, pum- 
icite, volcanic cinder, and scoria) was pro- 
duced in the United States in 1976. Value of 
production was $10.5 million, the second 
highest value on record, compared with 
$11.2 million in 1975. More crude material 
was sold or used at a lower unit value per 
ton to partially account for the 7% decrease 
in total value compared with that of 19775. 

Three States— Arizona, California, and 
Oregon— accounted for 64% of the total 
U.S. production of pumiceous materials. 
California led all producing States with 95 
active operations. Volcanic cinder, includ- 
ing scoria, comprised 78% of the domestic 
output of pumiceous materials in 1976, and 
was produced in 10 of the 11 producing 
States. Combined use of pumiceous mate- 


rials for road construction and concrete 
aggregate and admixtures comprised 79% 
of U.S. consumption (excluding imports) 
compared with 84% in 1915. 

Exports of domestic pumice and pumicite 
declined for the third consecutive year, but 
only 19% in quantity compared with 57% in 
1975. The principal export destination was 
Canada (538%), followed by West Germany 
and Israel. | 

Imports of pumice in 1976, primarily from 
Italy and Greece, totaled 81,401 tons, the 
lowest figure since 1962, and represented a 
4496 decrease compared with 1975 imports. 
Pumice imported for use in manufacturing 
concrete masonry products decreased 
4690 and was the primary factor for the 
overall decline in U.S. imports for the 
second consecutive year. 


DOMESTIC PRODUCTION 


Production of pumiceous materials in 
1976 totaled 4.13 million tons valued at 
$10.5 million, compared with 3.89 million 
tons valued at $11.2 million in 1975. The 
record high quantity in 1976 (previous rec- 
ord high was 3.94 million tons in 1974) was 
attributed to increased production of pum- 
ice and pumicite (15% over that of 1975) 
and a record high of 3.2 million tons of 
volcanic cinder mined. 

Although total production of pumiceous 
materials increased 696 in quantity over 
that of 1975, the value declined nearly 7% 
from the record high value of $11.2 million 
established in 1975. The decrease in total 
value was due, in part, to an increase in use 
of crude pumiceous materials at a lower 
unit price per ton and a subsequent 
decrease in prepared material at a lower 
unit price. Volcanic cinder and scoria com- 
prised 78% of the domestic output of pum- 


iceous materials, compared with 80% in 
1976. 

Domestic output in 1976 came from 93 
individuals, firms, and governmental 
agencies producing from 259 operations in 
11 States, compared with 91 producers and 
267 operations in 11 States in 1975. Califor- 
nia led all the producing States in number 
of active operations with 95, followed by 
Oregon with 68, and Arizona with 40. The 
combined output of pumiceous materials 
(primarily volcanic cinder) in Arizona, Cali- 
fornia, and Oregon in 1976 was 2.6 million 
tons, or 64% of the national total. Other 
States with significant output levels of 
pumiceous materials were Hawaii, Nevada, 
and New Mexico. Volcanic cinder, including 
scoria, was produced in 10 of the 11 States 
and in American Samoa. 


‘Industry economist, Division of Nonmetallic Minerals. 


1159 


1160 


MINERALS YEARBOOK, 1976 


Table 1.—Pumice, pumicite, and volcanic cinder sold or used in the United States! 
(Thousand short tons and thousand dollars) 


Year Pumice and pumicite Volcanic cinder Total 
Quantity Value Quantity Value Quantity Value 
J ee TT 790 1.878 3,023 4,661 8,818 6,589 
19792 s iy ey Oe Pre L S Dua 824 8,612 8,118 5,269 8,937 8,881 
1974 L ee Llc Lcd 818 8, 8,064 5,45 8,987 9,121 
τι ο κ cue eure tuc ccc 790 8,493 8,102 7,110 8,892 1,208 
19102 ειμαι 8 906 8,830 8,228 6,636 4,184 10,466 


Values f.o.b. mine or mill. 


Table 2.—Pumice, pumicite, and volcanic cinder sold or used by producers in the United 
States, by State 


(Thousand short tons and thousand dollars) 


State 


W Withheld to avoid discl 


1975 1976 
Quantity Value Quantity Value 

m 856 1,294 802 1,240 
5 848 2.162 705 3,245 
AED HD 318 912 330 696 
5 111 187 w w 
5 Ww w 888 768 
man 397 1,280 486 1,560 
SLE 1 W 1 W 
NUUAM 1,470 3,997 1,125 2811 
5 17 23 164 
„ 914 808 128 489 
νυν 9,892 11,208 4194 10,466 
5 15 15 47 80 


tial data. Included with “Other States." 


osing indi 
Colorado, Idaho (1976), Kansas (1975) N. Nevada (191 (1915), and 0 and Oklahoma (value only). 


CONSUMPTICN AND USES 


The combined use of domestic pumiceous 


materials for road construction and 
concrete admixtures and aggregates 


accounted for 79% of U.S. consumption 
compared with 84% in 1975. End uses for 
the remaining 2196 were railroad ballast 
(8%), landscaping (7%), and other uses in- 
cluding abrasives (6%). Pumiceous mate- 
rials used as roofing granules accounted for 
38% of the total quantity and 49% of the 
total value of “Other uses” shown in table 3. 

The quantity of pumiceous materials used 
for various abrasive applications increased 


from 19,000 tons in 1975 to 29,000 tons in 
1976, or 53%; that used in landscaping, 
84%; in concrete admixtures and aggre- 
gates, 12%; and in “Other uses’, 83%. 
Although railroad ballast use remained 
steady at 310,000 tons in 1976, road con- 
struction use decreased 7%. Of the total 
domestic quantity of pumiceous materials 
used for road construction, surfacing, and 
repair, 49% was used by the U.S. Forest 
Service for road maintenance in National 
Forests in Arizona, California, New Mexico, 
and Oregon. 


PUMICE AND VOLCANIC CINDER 


[ ] ALL OTHER USES 

RAILROAD BALLAST 
4 CONCRETE 

NE ROAD CONSTRUCTION 


MILLION SHORT TONS 


1960 


1965 
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Figure 1.—Pumice and volcanic cinder gs and used by producers in the United States, 
y use. 


Table 3.—Pumice, pumicite, and volcanic cinder sold and used by producers in the United 
States, by use. 


(Thousand short tons and thousand dollars) 


Use 


Abrasives (includes cleaning and scouring compounds) 
Concrete 


Railroad ballast 


and maintenance 


admixture and concrete aggregate 


1975 1976 
Quantity Value Quantity Value 
8 119 578 29 706 
mise ed al 1,158 3,322 1,293 3,397 
Mee 164 1,257 302 1,340 
μον 310 455 310 422 
TET 2,121 4,582 1,980 3,119 
μμ. 120 71,008 220 1,482 
— 3,892 211,203 4,134 10,466 


TRevised. 
1Includes absorbents, heat-or-cold insulating medium, roofing granules, soil conditioners, and miscellaneous uses. 
2 Data do not add to total shown because of independent rounding. 


PRICES 


The weighted average value of pumiceous 
materials produced domestically in 1976 
was $2.53 per ton, a 12% decrease compared 
with that of 1975. The average value for 
crude material declined from $1.31 per ton 
to $1.20 per ton, and that for prepared 
material declined from $4.36 per ton to 
$4.15 per ton. 

Average prices per ton for pumiceous 


materials in all major uses were lower in 
1976 compared with those of 1975. The 
average price of pumiceous materials used 
for abrasives (including cleaning and scou- 
ring compounds) was $24.34 per ton, a $6.08 
decrease; for concrete aggregate and admix- 
tures, $2.63, a $0.24 decrease; for landscap- 
ing, $4.44, a $3.22 decrease; for railroad 
ballast, $1.36, an $0.11 decrease; for road 
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construction material, $1.58, a $0.58 
decrease; and for other uses, $6.74, a $1.66 
decrease. 

According to trade publications, 1976 
prices for pumice remained unchanged com- 
pared with 1975. Quoted prices in American 
Paint and Coatings Journal at yearend, per 
pound, bagged f.o.b. New York or Chicago, 
were $0.0445 to $0.08 for powderod pumice, 
and $0.0665 to $0.09 for lump pumice. Quot- 
ed prices in Chemical Marketing Reporter 
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at yearend were as follows for domestic 
grades, bagged in 1-ton lots: Fine, $0.0765 to 
$0.1140 per pound; medium, $0.1160 per 
pound; and coarse, $0.094 per pound. Prices 
from the same source for imported (Italian) 
silk-screened pumice, bagged in 1-ton lots, 
were as follows: Fine, $138 per ton; medium, 
$150 per ton; and coarse, $140 per ton. The 
price of imported small-lump and large- 
lump pumice was quoted at $275 per ton. 


FOREIGN TRADE 


Exports of pumice materials continued to 
decline from the record high set in 1973 
(3,095. tons). Compared with those of 1975, 
exports decreased 19% in quantity and 74% 
in value. Exports totaled 1,011 tons in 1976, 
and went primarily to Canada (53%), West 
Germany (27%), and Israel (16%). 

A substantial decrease in the quantity of 
' pumice imports for the second straight year 
resulted in the lowest amount (81,401 tons) 
imported since 1962 (86,504 tons). Compared 
with that of 1975, the quantity of pumice 
imports, excluding manufactured, n.s.p.f., 
decreased 4495, although the value increas- 
ed 9%. Imports of crude or unmanufactured 
pumice and wholly or partly manufactured 


pumice imported, each increased in quan- 
tity compared with those of 1975, but that 
imported for use in the manufacture of 
concrete masonry products declined 46%, 
offsetting the gains shown in quantity for 
the other import classes. Italy and Greece 
continued to be the major import sources. 


Table 4.—U .S. exports of pumice 


i Value 
Year — (thousands) 
/. a ie 8,095 $765 
1974. 2.911 1.211 
/ na 1.252 1.027 
19788 1.011 271 


Table 5.—U.S. imports for consumption of pumice, by class and country 


Used in the manufacture Manu- 
Crude or Wholly or parti 
unmanufactured manufactured ων του Ὁ 

try products n. s. p. f. 

Quantity Value Quantity Value Quantity Value Value 

(short (thou- (short (thou- (short (thou- (thou- 

tons) sands) tons) sands) tons) sands) sands) 

1975: 
Canada aes ed 120 $7 -- NM $3 
Greece PNE ο e Rod 181,998 $298 NM 
Italy- -------- 3,260 $77 555 43 9,425 32 9 
Mexico Hn e u M 22 (2) 58 
Other m m — .. .. ΕΚ. 6 
| Totaal 8,260 77 675 50 141,445 830 76 
1976: 
Austria = = — gate = aue E 7 
Canada 229 46 » et NS M 10 
China, People's 

Repub sues -- Lx = — 2 e 10 
Greece "o coe 1 (3) 25,194 46 1 
Italy... 8,115 102 1,108 86 51, 154 217 19 
N lands e EM = NN E» Vien 9 
ας ἐν -- 3 3 ΜΕ E 14 
Total 8,944 148 1,109. 86 76,948 263 70 


lAustria, Taran d ie United Kingdom, and Taiwan. 
Less than l / 


Japan, Mun τον United Kingdom, Taiwan, and West Germany. 


PUMICE AND VOLCANIC CINDER 


Pumice stone, TSUS No. 519.05, for use in 
concrete products, continued to be admitted 
into the United States duty-free. Duty rates 
(unchanged from 1975) for other pumice 
products at yearend were as follows: TSUS 
No. 519.11, crude or crushed, valued not 
over $15 per ton, 0.02 cent per pound; TSUS 
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No. 519.14, crude or crushed, valued over 
$15 per ton, 0.04 cent per pound; TSUS No. 
519.31, in grains or ground, pulverized or 
refined, 0.17 cent per pound; and TSUS No. 
519.93, millstones, abrasive wheels, and ab- 
rasive articles, n.s.p.f., and 523.61 articles, 
n.s.p.f., 7% ad valorem. 


WORLD REVIEW 


Portugal.—A geological survey on the 
Island of São Miguel in the Azores has 
indicated approximately 10 million tons of 
pumice located on the mountainous south- 
ern slopes of a volcanic crater near the 
village of Sete Cidades. Plans were repor- 
tedly underway for commercial develop- 
ment of the deposits. 


United Kingdom.—A significant increase 
in imports of pumice by the United King- 
dom from Italy, Greece, and West Germany 
was achieved in 1976 to meet the growing 
demand for pumiceous construction mate- 
rial. Pumice imports increased 145% (about 
307,000 tons) compared with those of 1975. 
Italy and Greece supplied nearly 97%. 


Table 6.—Pumice and related volcanic materials: World production by country 


(Thousand short tons) 
Country! 1974 1975 1916} 
nÜHH E etu e ee ] ꝛ w RUE D EM E NC AE 173 15 75 
Austria:Pozzolan __ ß ß . uoc eL EE 20 14 18 
pe Verde Islands: Pozzolan® ______________________________- 17 17 17 
Fi ee PTT ET 163 r 165 109 
ο RA cronan l2 c SES ga Lieu 8 2 2 1 
Dominica: Pumice and volcanic agg 120 117 5120 
πὶ παει ον d (8) e(8) °°) 
France: 
Pumi" ο οὐ a se es ee i eL ð K pe E a eU το ($) = 
Pozzolan = I!: 8 1837 759 791 
Germany) Wer 
Pumice (marketable) ια σα et ολ ο y Fes 8 2,316 2,111 2,553 
οσοι. noD Ce eS LC a ee ee 144 109 
Greece: 
aor. ο ο ο δα / ae Ne ³ ³ A ee en 1577 580 402 
Pooli Af ³ df ⁰ͥͥãͥſ . i EAE 905 946 935 
Guadeloupe: Pozzolaaas sss „„ 193 220 *220 
Guatemala: Volcanic ash (forcement ................-.- 44„4„ 535 11 26 
llaid? ο το T.... 8 8 4 2 
Ital 
Pumice and pumiceous lapillliX1““Q“¶uh“U“““UN“nnnn 980 51100 61,100 
Posxolül 2 cen ede f CE 6,224 r €6,600 56,600 
Martinique: Pumice _________________________ 13 86 *90 
FV punire LL E 78 42 55 
tein ιο ο τος τς ες a Ra ala ο νο. ORO NS 212 159 *154 
nited States (sold or used by producers): 
Pumice and pumiciltmſea 818 190 906 
Volcanic cinder? us e ß Ee es 3,091 8,117 8,275 
77mm: μοι wuVA y Le ον 116,919 17,059 17,553 
Estimate. Preliminary. Revised. 
1Pumice is also produced in Iran, Japan, Mexico, Turkey, and the U.S.S.R. (sizable quantity), but data on production 
are not available. 
Unspecified volcanic materials produced mainly for use. in construction products. 
Less than 1/2 unit. 
*Revised to none. 
5 Exports. 
Includes Canary Islands. 


Includes American Samoa. 
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Rare-Earth Minerals and 


Metals 


By Martha L. Kahn! 


Production of rare-earth oxide (REO) con- 
tained in bastnüsite and monazite concen- 
trates decreased about 13% in 1976; how- 
ever, apparent domestic consumption of 
rare earths in most industries increased. 
The overall end-use consumption pattern 
remained similar to that of 1975. Petroleum 
catalysts continued to be the major consu- 
mer, with metallurgical applications sec- 
ond. The ceramic and glass industries were 
also major consumers. 

Molycorp, Inc., and the Davison Div. of 
W. R. Grace & Co. continued to be the major 
processors of rare earths. Production of 
rare-earth compounds and metals was ade- 
quate to meet market demand. There was a 
slight increase in industrial stocks during 


the year. 

U.S. exports of rare earths increased in 
1976, but total REO imported decreased 
from the 1975 level. Monazite was imported 
from Malaysia; compounds and metals were 
imported mostly from Australia, Austria, 
Brazil, France, Japan, West Germany, and 
the United Kingdom; and yttrium concen- 
trate was imported mostly from Canada. 

Legislation and Government Pro- 
grams.—At yearend 1976, a total of 7,174 
short tons REO equivalent was held in the 
General Services Administration (GSA) 
Stockpile. Disposals for the year totaled 55 
tons REO equivalent. Government stocks of 
yttrium oxide (VO,) remained unchanged 
at 237 pounds. 


DOMESTIC PRODUCTION 


Concentrate.—Domestic production of 
REO in bastnäsite and monazite concen- 
trates decreased about 1396 in 1976 from 
the 1975 level. Bastnäsite continued to be 
the major source of rare earths; the remain- 
der, less than 10%, was produced from 
monazite. 

According to Molycorp’s annual report, 
its Mountain Pass, Calif., operation pro- 
duced 14,500 short tons of REO contained in 
bastnäsite concentrate during 1976; 1975 
production was 16,500 tons. 

Titanium Enterprises, owned jointly by 
American Cyanamid Co. and Union Camp 


Corp., recovered monazite as a byproduct of 
mining a beach sand deposit for titanium 
minerals and zircon, near Green Cove 
Springs, Fla. During 1976, monazite pro- 
duction increased substantially. 

The only other domestic producer of mon- 
azite was Humphreys Mining Co. Again 
monazite was recovered as a byproduct of 
heavy-mineral beach sand mining. The 
dredging operation was located near Hlil- 
liard, Fla., and the titanium concentrates 
were trucked to the company dry plant at 


! Physical scientist, Division of Nonferrous Metals. 
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Folkston, Ga., for processing. Monazite pro- 
duction decreased in 1976 from the 1975 
level, due to the mining of titanium sands of 
lower monazite content. 

Significant concentrations of rare earths, 
associated with uranium and thorium in 
the mineral allanite were discovered? on 
Seward Peninsula in Western Alaska by a 
U.S. Geological Survey field party. Samples 
of the mineralized rock, which was associa- 
ted with alkaline dikes in a 100-square-mile 
area contained over 2% rare-earth ele- 
ments. 

Buttes Gas and Oil Co. continued feasibil- 
ity and pilot-plant studies of its southwest- 
ern Colorado titanium prospect. The ore 
mineral, perovskite, contained significant 
amounts of rare-earth elements that could 
be recovered. Kerr-McGee Chemical Corp. 
reported 74,000 tons of indicated recover- 
able monazite contained in its heavy- 
mineral sand deposit in Benton County, 
Tenn. 

Compounds and Metals.—In 1976, there 
were two major processors and producers of 
rare-earth compounds, Molycorp and the 
Davison Div. of W. R. Grace & Co., Chatta- 
nooga, Tenn. Molycorp, with processing 
plants at Mountain Pass, Calif., Louviers, 
Colo. and York, Pa., continued to be the 
principal domestic producer. Molycorp's 
sales increased significantly to $27.2 mil- 
lion, compared with $18.9 million in 1975.* 

A 3-year program to expand mill and 
chemical-plant production capacities at 
Mountain Pass was completed at yearend 
1975. The new 200-ton-per-day bastnásite 
thickening, filtering, and drying section at 
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the mill began processing material in Jan- 
uary 1976. A lanthanum concentrate dryer 
at the chemical plant also became fully 
operational in early 1976. The new capacity 
of the mill and chemical plant was 60 
million and 30 million pounds, respectively, 
of rare-earth oxide. 

Producers of high-purity rare-earth ox- 
ides and compounds were Molycorp; W. R. 
Grace & Co.; the Research Chemicals Div. of 
Nucor Corp., Phoenix, Ariz; Atomergic 
Chemetals Corp., Plainview, N.Y.; and 
Transelco Inc., Penn Yan, N.Y. 

Mischmetal production increased about 
23% in 1976 from the 1975 level. Misch- 
metal shipments from primary producers 
also increased. Three domestic companies 
that produced mischmetal during 1976 were 
as follows: Ronson Metals Corp., Newark, 
N.J.; Reactive Metals and Alloys Corp., 
(REMACOR), West Pittsburgh, Pa.; and 
Rare Earth Metals Co. of America, 
(REMCOA), owned jointly by Aluminum Co. 
of America and Molycorp., Arnold, Pa. 
REMCOA produced mischmetal from its 
125-ton-per-year demonstration unit at the 
beginning of the year. 

Rare-earth ferrosilicon alloys were pro- 
duced by three companies: Foote Mineral 
Co., Exton, Pa.; Ohio Ferro-Alloys Corp., 
Canton, Ohio; and Union Carbide Corp., 
Alloy, W. Va. 

Nucor was the major producer of high- 
purity rare-earth metals, and Molycorp was 
the predominate producer of yttrium com- 
pounds. The yttrium was processed from 
yttrium rare-earth concentrates imported 
from Canada. 


CONSUMPTION AND USES 


Domestic rare-earth processors consumed 
an estimated 14,200 tons of REO contained 
in raw materials in 1976. Consumption of 
bastnisite decreased about 17%; however, 
consumption of monazite increased more 
than 100%. Shipments of rare earth and 
yttrium products from primary processing 
plants to domestic end-use consumers were 
about 9,700 tons contained REO, valued at 
about $37 million. 

The approximate distribution of rare 
earth and yttrium consumption by end use, 
based on information supplied by primary 
processors and certain consumers, was as 
follows: Petroleum cracking catalysts, 43%; 
metallurgical, including nodular iron and 
steel, other alloys and mischmetal, 35%; 
ceramics and glass, 14%; and miscella- 


neous, including electrical, arc carbons, and 
research 8%. High-purity rare earth and 
yttrium oxides and metals represented less 
than 2% of the total weight of shipments; 
however, such materials comprised a much 
larger proportion of the value of total ship- 
ments. 

Domestic yttrium processors consumed 
an estimated 120 tons of Y;O, contained in 
raw materials in 1976, compared with 95 
tons in 1975. This increase was attributed to 


*Miller, T. P., ΑΠ I. Finch, and R. A. Brooks. 
Preli Report on on ο. -- Thorium and 
Earth- ο. Alaska. U.S. Geol. 
Survey Open ile Rept. "16-710, vos 27, 1976, 13 pp. 

3 Eining ai a Jo t Now ου... Di- 
ew Development High- 
Baht. b. 2. Na 2. No. 10, Mar. 12.1 


*Molycorp Inc. 1976 Annual Hann p. 5. 
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greater demand by manufacturers of color 
television phosphors. 

The use of rare-earth zeolites in cracking 
catalysts to increase gasoline yields from 
petroleum feedstocks continued to be the 
single largest use of rare earths. Metallurgi- 
cal usage of rare-earth elements, mostly as 
additives to ductile iron and steel, was 
Stable. Rare-earth elements are added to 
high-strength low-alloy (HSLA) steels in 
mischmetal or rare-earth silicides. 

The production of lighter and striker 
flints continued to be a major consumer of 
mischmetal. Other rare-earth alloys and 
metals were used in the production of high- 
temperature alloys and superalloys. 

The glass industry continued to be a 
major consumer of rare-earth compounds, 
particularly cerium oxide. The established 
uses of cerium oxide are as an abrasive for 
polishing glass; an additive in eyeglasses, 
television tubes, and camera lenses; and as 
a decolorizing agent in refining clear glass. 
Other rare-earth oxides of praseodymium, 
erbium, holmium, and neodymium, were 
used as colorants in glass. Lanthanum oxide 
was used to improve the refractive quality 
of camera lenses. 

The use of rare earths in X-ray phosphors 
increased in 1976. Terbium-activated gado- 
linium or lanthanum oxysulfide phosphors 
were used to intensify X-ray screen images. 
Because of the effectiveness of these phos- 
phors, they allowed speedup of X-ray film 
exposure, which reduced patient X-ray do- 
sages by as much as 80%. 

Yttrium and europium oxide were consu- 
med as key constituents of the red phosphor 
in color television tubes. 

Synthetic garnets composed of yttrium- 
aluminum (YAG), yttrium-iron (YIG), 
gadolinium-aluminum (GAG), and gado- 
linium-iron (GIG). were used as micro- 


1167 


wave filters and control devices, as simula- 
ted diamonds, and, when doped with neody- 
mium or erbium, in lasers. Minor quantities 
of gadolinium-gallium garnets (GGG) in 
thin-film, magnetic-bubble memory systems 
were used in communication and computer 
systems, including a 100-million-bit-capac- 
ity data recorder being built by the Autone- 
tics Division of Rockwell International, and 
a recorded message machine at one of 
Michigan Bell Telephone Co.’s Detroit 
switching offices. 

Significant quantities of rare-earth oxides 
and fluorides were used in carbon- are 
lamps, which emit a high-intensity white 
light used in searchlights and the motion 
picture industry. 

The consumption of rare-earth-cobalt al- 
loys in permanent magnets continued to 
expand. These high-energy magnets, which 
are two to three times more powerful than 
conventional permanent magnets, are used 
mainly in small electric motors and genera- 
tors, electric wrist watches, and electronic 
tubes. Samarium and rare-earth alloys were 
predominately combined with cobalt for 
magnet production. A new use of rare 
earths in 1976 was as phosphors in fluores- 
cent lamps, which emit white light made up 
of only three narrow spectral bands (blue, 
green, and red). The blue phosphor is stron- 
tium chlorapatite-europium, and the red 
phosphor is yttrium oxide-europium. The 
new lamps were reported to offer about 30% 
more light output, greater brightness and 
visual clarity, and better color rendition 
than other fluorescent lamps.“ It was esti- 
mated * that if this new lamp were to 
capture only 10% of the fluorescent bulb 
market, it would create a demand for high- 
purity rare-earth oxides roughly equivalent 
to that of the color television industry. 


STOCKS 


Stocks of rare earths in all forms, held by 
15 rare-earth producing, processing, or con- 
suming companies increased slightly during 
1976. 

At yearend 1976, bastnásite concentrate 
stocks held by the principal producer and 
three other chemical processors increased 
by about 18% compared with the levels at 
the beginning of the year. Monazite stocks 
decreased 35% during the year. Stocks of 
compounds and mixtures of rare earths 


held by 10 companies increased about 6% 
during 1976. Mischmetal stocks increased 
about 16% during 1976. Stocks of high- 
purity metals held by three companies 
decreased about 46% in 1976. 


5Cannon, J. G. Rare Earths - 76 Was Slow; Pickup Seen 
ite 77. Eng. & Min. J., v. 178, No. 3, March 1977, pp. 183- 

The Value Line Investment Survey. Arnold Bernhard 
& Co., Inc. Pt. 3, 4th ed., Jan. 28, 1977, p. 587. 
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PRICES 


Prices for domestic monazite increased 
about 25% during 1976. The average de- 
clared value of imported monazite, all from 
Malaysia, decreased slightly to $205 per 
short ton from $207 per short ton in 1975. 
The average price per metric ton of Austra- 
lian monazite (minimum 60% REO plus 
ThO;) as quoted in Metal Bulletin (London) 
remained constant during 1976 at $A170 to 
$A185 However, the price of Australian 
monazite in U.S. dollars decreased about 
1796 in December 1976 because of the deva- 
luation of Australian currency. Quoted 
prices for Malaysian xenotime concentrate 
containing a minimum of 25% Y,O; remain- 
ed at the 1975 level of $2 to $3 per pound 
c.i.f. 

Prices for unleached, leached, and calcin- 
ed bastnäsite containing 55% to 60%, 68% 
to 72%, and 85% to 90% REO, respectively, 
were increased by yearend from 45, 50, and 
60 cents, respectively, to 50, 58, and 68 cents 
per pound REO, respectively, f.o.b. Moun- 
tain Pass or Nipton, Calif, in 100-pound 
paper bags or 55-gallon steel drums in 


truckload or carload lots. 

Prices of rare-earth compounds and met- 
als remained at about the 1975 level. Most 
prices of rare-earth products were nego- 
tiable if purchased in large quantities. Α 
sampling of quoted prices at yearend of 
rare-earth compounds, per pound f.o.b. 
plant were as follows: Lanthanum-rare- 
earth hydrate, 75% REO, $0.75; rare-earth 
chloride, 46% REO, $0.55; rare-earth carbo- 
nate, 65% REO, $1.30; and cerium fluoride, 
62% REO, $1.55. 

Prices quoted in the American Metal 
Market for 1-pound ingots in 50- to 100- 
pound lots of 97% didymium and cerium- 
free mischmetal were $15 and $12, re- 
spectively, f.o.b. plant. Mischmetal, 99.895, 
was quoted at $3.45 per pound same basis. 
Quoted prices, in dollars per pound, of rare- 
earth metals for magnet use remained at 
the 1975 level: Cerium, $18; lanthanum, 
$21.50; praseodymium, $62.50; and sama- 
rium, $75 (all 99% purity and in 10- to 100- 
pound amounts). 


Table 1.— Prices of high-purity rare-earth oxides, salts, and metals in 1976 


(Dollars per pound) 
Element Oxide? Salts? Metal* 

CEU usu μαμα ο yz e 6.50 12.00 50.00 
Dyspromüm εἰ ο ασε ο μες ρα eee 40.00 21.00 190.00 
Erbium ou u e ccu ut eL Ld w y κώμα 45.00 21.00 160.00 
EUrFODIUm" —— ee e v ashes 515.00 225.00 3,000.00 
Gadolinium ___________________ 4 50.00 26.00 220.00 
Holmium —— nuca D SSD Su SQ aula 120.00 80.00 800.00 

1 monu z LM I e Cus Ta. 5.00 12.00 50.00 
Lutetium o nm nuuc ts y 88 2,000.00 1,100.00 6,000.00 
// o˙»”“.i yd ue oe ei LL D Se 18.00 12.00 110.00 
Praseodymium ..............................-.-..--....-..........--.-........... 32.00 16.00 170.00 
ο φομ oos a AA LL aes ly C CA e 32.00 16.00 155.00 
αν ει Πιο μμ ⁰¹w et eee ek 350.00 175.00 845.00 
F σας ώς ⁰ ½ rg y ⁊ͤ : curie n ise 1,000.00 550.00 2,600.00 
Ytterbium  —— — .. ð y mts s cu irri 85.00 70.00 240.00 
γατα ³⁰¹ꝛ ⁰ r— AA πο mt v yee μισής 30.00 15.00 150.00 


Research Chemicals, Nucor Corp., f.o.b. Phoenix, Ariz. For large quantities, prices may be negotiable. Other 


producers may have different prices on some items. 
Minimum 99.9% purity, more than 1 pound. 


Minimum 99.9% purity, more than 1 pound: includes chlorides, nitrates, sulfates, oxalates, and acetates. 


Minimum 1 pound, ingot form. 


FOREIGN TRADE 


Exports of bastnäsite concentrates con- 
tained about 2,700 tons of REO, according to 
Molycorp, the sole producer. Exports of 
ferrocerium and other pyrophoric alloys to 
the Republic of Korea, Canada, and 28 other 
countries increased 19% to 119,792 pounds 


valued at $334,973. The average unit value 
was $2.80 per pound. Shipments of com- 
pounds and mixtures of rare-earth metals, 
including yttrium and scandium, went to 33 
cou.itries. Japan and West Germany receiv- 
ed about 56% of the 631,593 pounds, valued 
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at $5,015,239. This was a 57% decrease in 
shipments from 1975. 

Monazite imports (table 2), all from Ma- 
laysia, decreased to 2,103 tons with an 
average unit value of $205 per ton. Imports 
of cerium oxide, predominately from 
France, increased to 814 pounds valued at 
$6,713 in 1976 compared with 624 pounds 
valued at $5,216 in 1975. The average unit 
value was $8.25 per pound. Imports of ce- 
rium chloride, from West Germany, totaled 
4,409 pounds, with an average unit price of 
72 cents per pound. Imports of other cerium 
compounds, predominately from France, to- 
taled 13,055 pounds valued at $57,178. The 
unit value ranged from $3.93 (France) to 
$154.69 (West Germany) per pound. 

Rare-earth metals, scandium, and yt- 
trium imports for consumption totaled 74 
pounds valued at $9,131. In addition, there 
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were general imports of rare-earth metals, 
scandium, and yttrium from the U.S.S.R. 
totaling 4,483 pounds valued at $141,132. 
Imports of ferrocerium and other pyro- 
phoric alloys increased 19% to 40,259 
pounds valued at $166,978. Japan supplied 
79% of the total valued at $118,824, follow- 
ed by France with 14% valued at $33,589. 
Other suppliers were the United Kingdom, 
India, Austria, and Switzerland. Imports of 
rare-earth metals and alloys, predominately 
from Australia and Brazil, increased 123% 
to 43,509 pounds valued at $70,612. The 
average unit value decreased from $5.73 per 
pound in 1975 to $1.62 per pound in 1976 
owing to increased mischmetal imports 
from Australia. Imports of other rare-earth- 
metal alloys, entirely from West Germany, 
totaled 1,044 pounds valued at $3,387. 


Table 2.—U.S. imports for consumption of monazite 


1972 19159 1914 1975 1976 
Count : alue Qu Value Value Quan- Valu ^ Value 
id diy, (hon, HEY (thou. Οὔ, Chou (ΠΣ, — (thou- tY, (thou- 
tons) sands) tons) san ) tona) sands) 
Malaysia 894 $89 1,991 $244 984 $154 2,462 8508 2, 103 $431 
Thailand Tut NR 110 10 336 4T 1103 124 EN S 
Total ...... 894 89 2,101 254 1,320 201 2,565 532 2,108 431 
REO content 492 XX 1,156 XX 726 XX 1,411 XX 1,157 XX 
*Estimate. "Revised. XX Not applicable. 
Table 3.—U.S. imports for consumption of rare-earth metals! 
1974 1975 1976 
Country 
Pounds Value Pounds Value Pounds Value 
Germany, Wett 641 $27,827 491 $22,592 i od m 
, oues 112 2,331 — m Sam ΗΝ 
USSR cs 7,785 157,957 2,659 58,996 EE. Ud En: 
United Kingdom 5,235 57 6,890 74 $9,131 
Total ——— etu 8,542 193,350 3,201 87,818 74 9,131 
! Including scandium and yttrium. 
WORLD REVIEW 


The major world sources of rare earths 
were bastnäsite, which accounted for about 
68% of world mine production in 1976, and 
monazite. Separated compounds and metals 
of lanthanum through europium were de- 
rived mainly from bastnäsite. Separated 
compounds and metals of the other rare- 
earth elements and yttrium were derived 


mainly from monozite. Many countries had 
limited rare-earth-processing capacity; 
however, only five countries—France, the 
United Kingdom, Japan, U.S.S.R., and the 
United States—produced a full range of 
rare-earth compounds and metals in com- 
mercial quantities. 
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Table 4.—Monazite concentrates: World production, by country 
(Short tons) 

Country? 1974 1975 1976 
Australia 73.943 4,968 5,016 
if p ee c 1,318 r *1,600 1, 
ö. och Bhd A te οσο ee 3,300 3,300 3,300 
Korea, Republic jj 10 10 10 
Malaysia" 5 omnc . en 8 1,965 8,621 2,071 
Nigeria. s ος oe A uU Sica C DL ον ορια E 12 r e20 e20 
SHLAnEA n2 um ue i etc ⁰yd E Ei 6 reg 1 
Thailand c alee ð⅛ ͤ ̃⁵ :...... e 486 405 «400 
Ill ων κο ys W W W 
IAN ae Ot OOS ⁵ĩÜW¹˙]]. ³o·wꝛm hk ⁊ y m; OE RAY sas 261 328 265 

ji c SEC A ( 711,301 14,257 12,683 
Estimate. Preliminary. Revised. W Withheld to avoid disclosing individual company confidential data. 


lIn addition to the countries listed, Indonesia and North Korea may produce monazite, but information is inadequate 


to make reliable estimates of output levels. 
Exports. 


Australia.— According to the Rutile & 
Zircon Development Assoc., Ltd., the 1976 


New South Wales ˖n 2L L2 coL 
hh ³ĩWwi. ð K y σας 


Mary Kathleen Uranium, Ltd., continued 
work on a pilot plant to recover rare earths 
from uranium processing operations.“ 
Metals Exploration Ltd. and Alliance Oil 
Development Australia NL announced the 
discovery of mineral sands containing 
800, 000 tons of heavy minerals at Cataby, 
about 90 miles north of Perth.“ The heavy 
minerals contain about 1.5% monazite. As- 
sociated Minerals Consolidated Ltd. and 
Western Titanium Ltd., announced merger 
plans. The two companies produced 2,095 
tons of byproduct monazite in 1976.° West- 
ralian Sands Ltd., a producer of byproduct 
monazite, resumed full-scale mining oper- 
ations at Voganup. e The mine and treat- 
ment plant had been on a care and mainte- 
nance level due to low demand for ilmenite. 

Canada.—Denison Mines, Ltd., reported 
production of 58,000 pounds of yttrium ox- 
ide contained in yttrium-rare-earth concen- 
trate in 19776; all production was exported. 
This was a 25% decline in production from 
that in 1975 and was mainly a result of 
labor problems during 1976. Since the start 
of operations 17 years ago, a total of 702,000 
pounds of yttrium oxide has been pro- 
duced." The yttrium-rare-earth concen- 
trate, which is a byproduct of uranium 


production of monazite by member compa- 
nies was as follows, in tons: 


1974 1975 1976 
D 1,071 1,207 1,089 
ere 30 685 227 
ER 2,550 3,252 3,698 
MEN 3,651 9,114 5,014 


mining, contained about as much REO as 
Y20s. 

Germany, West.—Th. Goldschmidt AG of 
Essen increased its capacity to produce 
powder form rare-earth cobalt alloys to 50 
tons per year. '? The alloys were for use in 
permanent magnets. 

India.—About 500,000 tons of monazite 
was estimated to occur in a 15-mile belt in 
coastal sands in the Ganjam and Puri 
districts, Orissa State.!* | 

Separation of byproduct monazite, by 
electromagnetic and electrostatic mineral 
separation techniques, from ilmenite depo- 
sits in the Chavara beach sands of Kerala, 
was under consideration by Kerala Min- 
erals and Metals Ltd.“ 


"Mining Journal. Progress at MKU. V. 286, No. 7334, 
Mar. 12, 1976, p. 201. 

5Mining Journal. Mineral Sands at Cataby. V. 287, No. 
1353, July 23, 1976, p. 68. 

?Industrial Minerals. RTZ Reshuffle. V. 110, November 


pean Chemical News. Newsbriefs. V. 29, No. 155, 
Sept. 10, 1976, p. 28. 
1Denison Mines Limited. 1976 Annual Report, p. 5. 
Research 


12Energy and Mineral Resources Institute, 
Iowa State University (Ames, Iowa). Expands et 
Production. Rare-Earth Inf. Center News, v. 11, No. 4, š 


1, 1976, p. 4. 

13Engineering & Mining Journal. India: Monazite Sand. 
V. 177, No. 5, May 1976, p. 180. 

Minerals & Metals Review. Karala's New Plant. V. 2, 
No. 5, December 1976, p. 26. 
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Table 5.—Rare-earth consumption in Japan | 
(Short tons) 
1975 1976 1977* 
Y20s: MR phosphors______ τς ὡς 15 32 26 
ο στο a ORE CPE Ie PEE ERNE EIT pe INR 9 2 1.6 
LazOs: | 
Optical ο μια παμπ A πο Leu dieu 66 180 180 
Ceramic capacitor ss 55 90 85 
po c mn ' 100 200 180 
Polishing πω ο οσο οσο 8 590 670 650 
etal: 
Lighter flints ____________________________ 130 135 145 
Iron and stell 180 290 250 
h fluorides: 
Arc carbon 8⁰ 80 
Iron and steel 70 60 60 
Total ul e w a 1,266 1,739 1,658 
* Estimate. | 


Source: Japan Metal Journal. Demand Prospects of Rare-Earths. V. 7, No. 16, April 18, 1977, p. 7. 


Japan.—In 1976, rare-earth demand in- 
creased significantly over that of 1975, 
owing mainly to increased demand for color 
television sets and transceivers.'5 The Uni- 
ted States provided about one-fourth of the 
total Japanese imports of rare-earth metals 
and compounds. Rare-earth consumption in 
Japan for 1975, 1976, and the estimated 
demand for 1977 is given in table 5. 

Malaysia.—Malaysian Rare Earth Corp. 
(MAREC), a joint venture of Mitsubishi 
Chemical Industries Ltd., of Japan and Beh 
Minerals Sendirian Berhad of Ipoh, Perak 
State, Malaysia, in 1976 became the first 
chemical company in Malaysia to upgrade 
locally produced zenotime.* The plant's 
trial run and commissioning occurred in 
November, and the first overseas shipment 


took place on November 11, 1976. MAREC 
planned to produce about 130 tons of a 50% 
yttrium concentrate per year. 

South Africa, Republic of.—The propos- 
ed heavy mineral operation north of 
Richards Bay on the east coast by two 
companies, Tisand (Pty.) Ltd., and -- 
Bay Iron and Titanium (Pty.) Ltd., 
scheduled to proceed as soon as financial 
arrangements were completed. The propos- 
ed mining area will be approximately 11 
miles long and 2 miles wide. Monazite could 
be recovered as a byproduct of rutile and 
zircon mining. 

Yemen.—Hunting Geology & Geophysics 
Ltd., was investigating heavy minerals in 
beach sands as part of a larger study being 
performed for the Government.“ A 2-year 
program was anticipated. 


TECHNOLOGY 


Research continued on rare-earth X-ray 
screen film systems.“ Compared with sys- 
tems that do not contain rare-earth elem- 
ents, rare-earth systems were up to 13 times 
faster, resulted in less patient exposure, and 
improved operational parameters. Rare- 
earth magnet research continued in areas 
as diverse as magnets in dentures to keep 
teeth in place, and the use of high-speed 
(about 190 miles per hour) magnetically 
levitated vehicles, which have been built 
and tested in West Germany and Japan.'? 
Magnetic bearings with zero friction and 
the use of rare-earth-cobalt magnets in 
ironless armature torque motors were also 
studied. 

Research continued on the development 
of a rare-earth auto-emission-control cata- 
lyst that tolerates leaded gasoline.” LaCoOs 


was found to be an inexpensive material 
that was not poisoned by tetraethyl lead or 
lead dibromide or ethylene dibromide, and 
retained its catalytic activity after exposure 
to high-temperature surges simulating 
backfire. 


15 Japan Metal Journal. Demand Prospects of Rare 
Earthe V. 7, No 16. Apr. 18. 1977, pp. G. 


léEnergy and Mineral Resources Research Institute, 
Iowa Stats University (Ames, Iowa). Who is... The Rare 
Earth Ind ? MAREC. Rare-Earth Inf. Center News, v. 


ustry? 
12, No. 2, June 1, 1977, p. 3. 
jor ES s Mining Journal. V. 3, No. 11, Apr. 8, 
IR esi. P. R., W. R. Hendee, and C. R. Ahrens. An 
Evaluation of Rare Earth Screen Film Combinations. 
Radiology, v. 121, No. 2, November 1976, pp. 465-471. 


Res. Conf., Vail, Colo., July 18-22, 1976, 6pp. 

20Katzman, H., L. Pandolfi, L. A. Pedersen, and W. F. 
Libby. Lead-Tolerant Auto Exhaust Catalysts. CHEM- 
TECH, v. 6, No. 6, June 1976, pp. 369-371. 
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A relatively inexpensive crystalline alloy, 
containing lanthanum, neodymium, praseo- 
dymium, and nickel was found to be capable 
of adsorbing six atoms of hydrogen per 
molecule. It was suggested that such hydro- 
gen adsorbers could be used in solar heating 
and cooling of homes, leveling peak-load 
demands at electric utility companies, for 
advanced compressor and nonpolluting en- 
gine design, safer hydrogen storage at 
petrochemical, synthetic fuel, and chem- 
ical-processing plants, and in offgas purif- 
ication systems.?! 

Research on rare-earth lasers continued 
in 1976, with emphasis on nuclear fusion 
applications.?? The largest neodymium glass 
laser in the world was being built. It was to 
contain 1,000 liters of rare-earth-doped 
material?* The University of Rochester's 
Laboratory for Laser Energetics launched a 
5-year, $46.5 million program to build and 
test a 10-Kilojoule neodymium glass laser 
system, which will have a peak power of 20 
to 40 terawatts.“ KMS Fusion continued 
the only laser fusion research effort by a 
private company and planned to expand the 
power of its neodymium glass laser system 
in 1977 to 4 or 5 terawatts. 

The U.S. Air Force manufactured rods as 
long as 4 incbes of anisotropic yttrium 
aluminate doped with neodymium.*5 These 
rods are potential replacements for neo- 
dymium-doped  yttrium-aluminum-garnet 
(YAG) in solid-state lasers. 

Two rare-earth laser devices were on the 
Industrial Research list of 100 top products 
of 1976.* One of the top products was a new 
laser ion-host system, consisting of lantha- 


num beryllate single crystals doped with 


neodymium, which had advantages over 
conventional YAG doped with neodymium. 
The other laser device was an yttrium 
lithium fluoride crystal doped with hol- 
mium used as a pulsed or continuous source 
of 2-micron laser radiation. 

A patent was issued for the extraction of 
columbium, rare earths, and thorium from 
pyrochlore." A patent was issued ? for a 
method of purifying an atmosphere con- 
taining carbon monoxide by passage 
through a catalyst bed of terbium oxide, in 
which the carbon monoxide is oxidized to 
carbon dioxide. The use of a rare-earth 
catalyst to convert nitrogen and sulfur com- 
pounds, created during the dosposal of 
dynamite-manufacturing wastes, to oxides 
was under consideration.?? 

A new alloying method, mechanical alloy- 
ing, in which rare-earth elements can be 
used was discussed. The base metal and 
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alloying metals are combined in a high- 
energy ball mill in a nitrogen or inert gas 
atmosphere, with no lubricant. Mechanical 
alloying has led to the development of an 
alloy that combines the moderate-temper- 
ature properties of nickel-base alloys with 
the high-temperature properties of nickel 
strengthened by a dispersion of very small 
particles of thorium or yttrium oxide. 

Mechanically alloyed nickel-20 weight- 
percent chromium alloys containing dis- 
persed VO, and/or La;O; were compared 
with a commercial alloy and a mechanically 
alloyed material not containing rare-earth 
elements.*! It was found that less than 0.1% 
LasO; or V. O, improved the oxidation resist- 
ance of the nickel-chromium matrix com- 
pared with the commercial alloy. The rare- 
earth-doped alloys also exhibited better 
scale adhesion. 

Crucibles made with yttrium oxide were 
found to successfully contain new titanium 
alloys with minimal interaction between 
the crucible and the molten titanium. The 
crucibles, with compositions Y:0.-15%Ti 
and Y;,O, with a Y:.0s;-K:SiO; face coat, 
resulted in typical casting contamination 
levels of 0.2%-0.49% oxygen and 0.2%-0.5% 
yttrium. These crucible materials could be 
used in the development of a low-cost- 
investment casting process for producing 
titanium alloys. 

The use of the rare-earth ions Ho**, 


Energy Saving Applications. Am. Metal Market v 85, No. 
pplications e et, v ο 
101 10) May 2 25, 187 


7, p. 11. 
22Chemical and Engineeri News. Strides Made in 
o. 19, March 1976, pp. 21- 


Fusion Research. V. 54, 


2 Energy and Mineral Resources Research Institute, 
Iowa State University (Ames, Iowa). Lawrence Livermore 


Laboratory Rare-Earth Laser Research, Rare-Earth Inf. 
Center News; v. 12, No.2, . 1971, p. 1. 
emical and News. Powerful Laser Fu- 


sion Project Launch E 54, No. 11, Mar. 15, 1976, p. 7. 
35Mid Atlantic Electronics. New Optical Electronic 

Material. V. 2, September-October 1976, p. 1. 

?6 Industrial Research. 1976 I.R. 100 Award Winners. V. 
18, No. 10, October 1976, pp. 32, 64-65. 

S Gaston, C. (assigned to Société Francaise 
d'Electrométallurgie, Paris, France) Process for Treat- 
ment of Pyrochlore Concentrates. U.S. Pat. 3,947,542, Dec. 


T, 1978. 
28Gerstein, B. C., and D. B. Macaulay (assigned to 
Energy Research and Development Administration). cud 


thod of Removing Carbon Monoxide From Gases. U.S. Pat 
3,961 255 June 1, 1976. 
rgy and Mineral Resources Research Institute, 
Iowa State University (Ames, D. ite A plica- 
tion. Earth Inf. Center News, v. 11, No. 4, 
1976, 7655. 4. 
, J. S. Mechanical Alloying. Sci. Am., v. 234, 
No. 5, b d. Mar 19106 pp. 40-48. 
31Michels, H. T. The Effect of Dispersed Reactive Metal 
Oxides on the Oxidation Resistance of Nickel -20 Wt Pct. 
5p. 319388 Alloys. Met. Trans., v. 7A, No. 3, March 1976, 


ον and Mineral Resources Research Institute, 

Iowa State University (Ames, Iowa). Yttria Molds Ti 

1975 Mare Earth [01 . Center News, v. 12, No. 1, Mar. 1, 
, p.4. 
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Er*+, Tm?*, and Yb* in anti-Stokes phosp- 
hors was studied. Anti-Stokes phos- 
phors, or up-converters, adsorb infrared 
photons and combine their energies in mul- 
tiples of two or three to emit new photons in 
the visible or ultraviolet region. These anti- 
Stokes phosphors could be used for large 
area displays in place of conventional light- 
emitting diodes. 

A psoriasis treatment using a dysprosium 
gas-discharge lamp was developed.“ The 
treatment reportedly avoided the risk of 
toxic side effects sometimes associated with 
oral treatment. 

Rare-earth research continued at Bureau 
of Mines metallurgy research laboratories 
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on a number of projects: The use of rare- 
earth oxides as additives in high-temper- 
ature ceramics, determining optimum com- 
position and conditions required to fabri- 
cate mischmetal-cobalt magnets, improving 
methods of production of rare-earth silicide, 
and the use of rare-earth transition metal 
catalysts for methanation of CO and H; 
during synthetic natural gas production 
and for liquid-phase catalytic reactions. 


S3Garlick, G. F. J. Infrared to Visible 
Contemporary Phys., v. 17, No. 2, 1976, pp. 
Physinal Chemistry, Uppeala Unie, Uppsala, Serien) 

ysi emistry, niv., en). 
Treatment of Psoriasis With Trioxsalen Baths and 
sium Lamps. Acta Dermatovener (Stockholm), No. 56, 
1976, pp. 383-390. 


ight Conversion. 
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Rhenium 


By Larry J. Alverson? 


Domestic mine production of rhenium 
increased substantially in 1976, yet the 
industry was still operating 70% below full 
capacity level, or at about 80% of the 
average production level of the past several 
years. Consumption increased 3896 over 
that of 1975 to a record 8,300 pounds. 
Imports of ammonium perrhenate also 


reached a record high of approximately 
4,000 pounds, as prices for both metal pow- 
der and compounds continued to decline. 
Bimetallic platinum-rhenium catalysts used 
in petroleum refining continued to be the 
major use for rhenium, accounting for 
about 90% of consumption. 


Table 1.—Salient rhenium statistics 


(Pounds of contained rhenium) I 
1972 1973 1974 1916 1916 

Mine production οπου μπουν 6,100 7,000 5,000 2,000 4,400 

Duo ο ως εκ iA ee 4,800 4,400 4,500 6,000 8,300 

1 (metal and crap 168 1,437 40 59 82 

Imports (ammonium ορια) μμ αιμα μα €1,921 €3,040 €3,287 *966 4,047 

Stocks, Dec. ! ð v eo 3,000 20,000 24,000 21,000 21,200 
*Estimate. 

DOMESTIC PRODUCTION 


Production of rhenium, as a byproduct of 
molybdenite (MoS;) from various sources, 
increased in 1976 to 4,400 pounds contained 
in ammonium perrhenate (NH. ReO.) from 
2,000 pounds in 1975. Shattuck Chemical 
Co., a subsidiary of Engelhard Minerals & 
Chemicals Corp., was the leading producer 
in the United States. Shattuck processed 
MoS, concentrate from the United States 
and Canada at its Denver, Colo., molybde- 
nite roasting facility. Rhenium was recov- 
ered as ammonium perrhenate, from which 
the company made a variety of rhenium 
products. 

M&R Refractory Metals, Inc., at its 
Winslow, N.J. plant, produced ammonium 
perrhenate for Engelhard Minerals & 
Chemicals Corp., and for Utah Internation- 
al, Inc. (UD on a toll (contract) conversion 
basis. Production at the plant, halted 


by a fire in late 1975, was not resumed until 
the spring of 1976. In prior years, Molycorp, 
Inc., produced ammonium perrhenate from 
byproduct MoS; concentrate from western 
U.S. porphyry copper ores. However, in 
1976 the rhenium production facility at 
Washington, Pa., was inactive. Kennecott 
Copper Corp.’s recovery operation at Gar- 
field, Utah, remained closed during the 
year, although a subsidiary, Cleveland Re- 
fractory Metals, remained active in the 
domestic and international rhenium mar- 
ket, operating primarily from accumulated 
stocks. 

The United States operated at about 30% 
of rhenium mine production capacity (by- 
product) in 1976. 


1Industry economist, Division of Ferrous Metals. 
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CONSUMPTION AND USES 


Estimated 1976 consumption of rhenium 
was about 8,300 pounds, an increase of 38% 
from that of 1975. Increased usage took 
place in all sectors of the market, with the 
largest percentage increase in the flashbulb 
area. However, bimetallic platinum- 
rhenium catalysts used in petroleum refin- 
ing represented about 90% of total rhenium 
consumption. 

Of the three types of bimetallic catalytic 
reformers, semiregenerative units account- 
ed for 49.4% of reforming capacity com- 
pared with 38.6% in 1975 and 27.6% in 
1971. Cyclic and other bimetallic units com- 
bined, decreased in total capacity from that 
of 1975. However, the combined capacity of 
all three types was at an all-time high of 
over 60% of total U.S. reforming capacity, 
an increase of about 20% over that of 1975. 
Platinum-rhenium’s share of total bimetal- 
lic catalyst capacity was about 65% to 75%, 
or about 40% to 45% of total domestic 
reforming capacity. Indications are that 
U.S. refiners are focusing on catalytic re- 
forming and other octane improvement pro- 
cesses to cope with rising demand for un- 
leaded gasoline and the tetraethyl lead 
gasoline phasedown. 

The excellent activity and yield stability 
of Chevron Oil Co.’s platinum-rhenium cat- 
alysts reduce the necessity for more expen- 
sive cyclic or continuous reforming. The 
activity stability of these platinum-rhenium 
catalysts permits commercial, long-cycle, 
semiregenerative Rheniforming at a pres- 
sure of 125 pounds per square inch, gage. 
This operating pressure is as low as any 
achieved by other commercial cyclic and 
continuous reformers using bimetallic cata- 
lysts and is much lower than pressures used 
in cyclic reformers with monometallic plati- 
num catalysts. 


Numerous conversions to bimetallic re- 


forming catalysts took place during the 
year; most were in the smaller refineries 
(2,000 to 8,000 barrels per stream-day). 

The remaining 8% of estimated domestic 
rhenium consumption was used in X-ray 
tubes and targets, high-temperature ther- 
mocouples, electrical contacts, electronic de- 


vices, vacuum tube and flashbulb filaments, 
heating elements, metallic coatings, electro- 
magnets, and high-temperature alloys in 
research and development work. 

A new method for dating the universe 
was disclosed during the year; it is based on 
the decay of the radioactive isotope rhe- 
nium 187 to the stable isotope osmium 187. 
Use of this rhenium-osmium “clock” was 
proposed to be theoretically sounder than 
the other principal nuclear dating tech- 
nique which is based on radioactive decay of 
uranium to thorium. One reason is that the 
half-life of rhenium-osmium decay, 44 bil- 
lion years, is substantially longer than the 
generally accepted age of the universe. 
Therefore, calculations should be less sus- 
ceptible to errors from uncertainties in 
details of the stellar processes involved than 
they would be using the shorter lived 
uranium-thorium decay process.? 

The most widely used tungsten-rhenium 
(W-Re) thermocouple alloy combinations 
are W versus W-26% Re, W-5% Re versus 
W-26% Re, and W-3% Re versus W-25% Re. 
Because of the inherent brittleness of unal- 
loyed tungsten, the W versus W-26% Re 
thermocouple wire is more difficult to han- 
dle than the other two. The average electro- 
motive force of W-3% Re versus W-25% Re 
is slightly less than that of W vs W-26% Re 
and slightly more than that of W-5% Re 
versus W-26% Re. The ductility of W-3% Re 
is about equal to that of W-5% Re but much 
superior to that of unalloyed tungsten. All 
three combinations can be used to 2,760°C 
in hydrogen or inert gas atmospheres and in 
vacuum but undergo rapid deterioration 
under oxidizing conditions. 

Research continued on rhenium’s use in 
nickel-base high-temperature alloys. Rhe- 
nium was used in some cobalt-base alloys 
for high-temperature space applications 
and in some nickel-base alloys used in jet 
engine turbine blades. The cobalt-base alloy 
contains 2% rhenium, and the nickel-base 
alloy contains 0.5% rhenium. 


ews. Method Dates Universe 
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PRICES 


Prices paid for rhenium metal powder, 
perrhenic acid, and ammonium perrhenate 
during the year reportedly were below those 
quoted in most domestic trade journals. The 
price for metal powder ranged from $500 to 
$650 per pound, dependent upon grade and 
quantity. The prices for perrhenic acid and 
ammonium perrhenate, both of which are 
compounds of rhenium, ranged from less 
than $400 to more than $600 per pound. 
Some buyers paid prices outside these 
ranges, depending on their own situations. 


However, the general trend of prices con- 
tinued downward, as it has in the past 
several years, reflecting the inactivity in 
new petroleum refinery construction. 

Prices quoted by Cannon-Muskegon 
Corp., for W-Re thermocouple wire, ranging 
in size from .003 inch to .020 inch, were 
$3.50 to $21.00 per double foot of W versus 
W-26% Re. Prices for W-5% Re versus 
W-26% Re were $5.00 to $30.00 per double 
foot for similar sizes. 


FOREIGN TRADE 


Imports for consumption of ammonium 
perrhenate increased sharply during the 
year to a record high of 4,047 pounds of 
contained rhenium valued at $1,407,000. All 
the material came from Chile and West 
Germany. The Chilean material was 
withdrawn from bonded warehouses, while 
the West German material was directly 
imported. Imports increased partly in re- 
sponse to increased demand from nearly all 
sectors of the rhenium market. 

Imports for consumption of rhenium met- 
al and waste and scrap increased to 82 
pounds from 59 pounds in 1975. This re- 
mains insignificant compared with the rec- 
ord high of 1,437 pounds in 1973. However, 
the disparity has been more than accounted 
for by increased ammonium perrhenate im- 
ports, which have a more favorable duty 
status and are more easily obtained. 


The duty on imports of ammonium 
perrhenate from market economy countries 
was 4% ad valorem, while the duty on that 
from the central economy countries was 
25% ad valorem. The import duty on rhe- 
nium metal from market economy countries 
remained at the January 1, 1972, rates of 
5% ad valorem for unwrought rhenium 
metal and 9% ad valorem for wrought 
rhenium metal. Wrought metal items are, 
however, seldom imported to the United 
States. The duty on wrought and 
unwrought rhenium metal from central 
economy countries remained unchanged at 
45% and 25% ad valorem, respectively. The 
rhenium content of imported molybdenite 
concentrate was not taxed. The duty on 
rhenium waste and scrap was suspended 
indefinitely in 1975. 


Table 2.—U.S. imports for consumption of rhenjum metal (including scrap), by country 


(Gross weight, pounds) 
1972 1973 1974 1975 1976 
Country Quan- Quan- - - Quan- 
tity Value tity Value tity Value tity Value tity Value 

Austria -- e T = ές zs $300 ΕΠ 25 
Belgium- 

zs: E =: 110 $74,500 A E 28 11,196 17 $8,687 

France _______ 25 $23,796 ας — = — zx — = 

Germany, West 143 101.955 1,16 182,491 40 827,734 30 15,760 65 29060 

Netherlands Lus DN 211 147,679 EA = oe unt ο τος. 

Total 168 125,751 1,437 27,734 59 27.196 82 77,747 


1,004,676 
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Table 3.—U.S. imports for consumption of ammonium perrhenate, by country! 
(Rhenium content) 
1972 1973 1974 1975 1976 
Country Quan- Value Quan- Value Quan- Value - Value - Value 
tity (thou tity (thou- tity (thou tity (thou tity (thou- 
(pounds) san (pounds) sands) (pounds) san (pounds) san unds) san 
Chile 76 $45 — x 1,232 $449 m - 1,280 
Germany, West _ 845 1,054 1,450 $1,918 1,520 1,185 401 $165 2,767 801 
Sweden 1,000 1,189 1,590 1,91 535 171 565 277 acm = 
Total _____ 1,921 2,288 8,040 9,829 8,287 1,805 966 442 4,0047 1,407 
1Years 1972 through 1975 are estimated. 
WORLD REVIEW 


World production of rhenium totaled. 


14,200 pounds, compared with a total world 
potential capacity of 27,300 pounds, ac- 
cording to a report in the German trade 
journal Handelsblatt. Western European 
production reportedly was 3,300 pounds 
from a capacity of 5,700 pounds. 

Porphyry copper deposits in Canada, 
Chile, Peru, and the United States were the 
major worldwide sources of rhenium. Rhe- 
nium recovery facilities outside the United 
States exist in Chile, Belgium, Bulgaria, 
East and West Germany, France, Sweden, 
the United Kingdom, and the U.S.S.R. 

Canada.—All Canadian rhenium pro- 
duction was by UI’s Island Copper mine on 
Vancouver Island, British Columbia. In 
1976, shipments of molybdenite concentrate 
to the United States and Europe 
totaled about 2,400 tons containing approx- 
imately 4,500 pounds of rhenium. Compa- 
nies in the United States and Europe toll- 
processed the MoS, concentrate for UI and 
returned the rhenium as ammonium 
perrhenate and perrhenic acid for subse- 
quent sale. The mine has one of the richest 
concentrations of rhenium in the world. 

Chile.—Production of rhenium in Chile in 
1976 totaled 3,000 pounds contained in 4,350 
pounds of ammonium perrhenate. Expan- 
sion of molybdenum output, and hence rhe- 
nium production capability, continued dur- 
ing the year. A new molybdenum plant at 
Saladillo was being built in 1976 to extract 
molybdenum from the Government-owned 
Andina copper mine’s copper-molybdenum 
ore. The rhenium content averages 350 
parts per million (ppm) in the molybdenite 
concentrate. 


The firm Molibdenos y Metales, S.A. 
(MOLYMET) was created at the end of 1975. 
It will be responsible for producing and 
marketing molybdenum and rhenium pro- 
ducts, which were formerly handled by 
Carburo y Metalurgia S.A. (Carbomet), a 
rhenium producer since 1971. 

Germany, West.—Western Europe's 
newest petroleum refinery, near Wilhelm- 
shaven, came onstream in December 1975. 
The refinery, owned by Mobil Oil AG, uti- 
lizes a catalytic reformer of Mobil design. It 
is a semiregenerative unit employing a 
platinum-rhenium catalyst, designed to op- 
erate under the most severe conditions for 6 
months before regeneration. Several other 
bimetallic catalyst reforming units in Ger- 
many were scheduled for completion in 
1977 and 1978. One such unit of Oberr- 
heinische Mineralólwerke GmbH, located 
at Karlsruhe, will employ a 16,000 barrel- 
per-day (b/d) Platformer to make lead-free 
gasoline. 

United Kingdom.—Small amounts of 
residues containing rhenium were recover- 
ed from roasting molybdenite concentrates 
by three companies: Murex, Ltd., at Rein- 
ham, Essex; High Speed Steel Alloys Ltd. at 
Widnes; and Minworth Metals Ltd., at 
Stowmarket. The residues were processed 
for rhenium recovery by Johnson Mathey 
and Co., and New Metals & Chemicals Ltd. 

U.S.S.R.—The first Soviet rhenium recov- 
ery operation was put onstream in 1948 at 
the Balkhash plant in Kazakhstan. Rhe- 
nium was recovered from solutions derived 
from liquors used to leach low-grade mo- 
lybdenite concentrate. The liquors were 
upgraded by evaporation, and metal was 
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recovered from solution by cementation 
with metallic iron. Presently, the same 
plant treats flue dusts of copper, lead, and 
zinc smelters as well as solutions from 
molybdenite leaching. The plant employs 
up-to-date technology for the recovery of 
rhenium. 

Since porphyry copper deposits are not 
abundant in the USSR, the Soviets rely on a 
number of sources for rhenium supply. 
Therefore, a number of processes that re- 
cover rhenium from flue dust of various 
nonferrous metal smelters as well as from 
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molybdenite concentrate have been devel- 
oped. The dusts average between 200 and 
700 ppm rhenium and require hydrometal- 
lurgical treatment to recover the rhenium. 

One source of rhenium is the Dzhezkaz- 
gan porphyry copper mine where the rhe- 
nium concentration ranges from 10 to 100 
ppm. It is highest in the bornite minerali- 
zation and falls to about 40 ppm in chal- 
copyrite and sphalerite mineralization. 
Galena mineralization contains about 20 
ppm rhenium. The oxidized cap contains 
only 0.04 ppm rhenium. 


TECHNOLOGY 


The Bureau of Mines demonstrated an 
electrooxidation-solvent  extraction-carbon 
adsorption process for recovering molyb- 
denum and rhenium from low-grade molyb- 
denite concentrate at a commercial opera- 
tion. The equipment used was a prototype 
of a commercial size, 125-kilovoltampere, 
41-electrode cell operating at 1,000 amperes. 
The flow sequence consisted of dissolution 
of metal values by electrooxidation, liquid- 
solid separation by thickening and filtering, 
acidification, and chlorate ion removal by 
sulfur dioxide treatment. This was followed 
by concentration of molybdenum and rhe- 
nium by solvent extraction, separation of 
molybdenum and rhenium by carbon ad- 
sorption, and metal value recovery by crys- 
tallization. The rhenium was recovered as 
ammonium  perrhenate. The electrooxi- 
dation process in the pilot plant resulted in 
dissolution of 99.1% of the rhenium with an 
energy consumption of 13.7 kilowatt-hours 
per pound of molybdenum extracted.* 

The Bureau published results of a study 
on the thermodynamic properties of high- 
purity rhenium oxides. Prior to this invest- 
igation, high-temperature enthalpy or 
Gibbs energy of formation data were not 
available for the three stable oxides of 
rhenium - ReO.s), ReO;(s), and Re- O, (s, I). 
The temperature range of the heat capacity 
measurements was 5° to 310K for ReO;, 
and 8° to 309°K for ReO;. High-temperature 


enthalpy measurements alone were deter- 
mined for pure Re40:;(s,1).5 

Activated sintering was shown by Soviet 
scientists in 1976 to be synonymous with 
"activated alloying" as applied to the pow- 
der metallurgy of molybdenum- and 
tungsten-base alloys. Thus, the use of small 
additions of palladium or nickel to powder 
mixtures of tungsten and rhenium or 
tungsten and chromium effectively pro- 
moted alloying during sintering for 1 to 2 
hours at 1200° to 1250° C. 

A patent was issued for the recovery of 
rhenium from molybdenite or copper sul- 
fide ore roaster gases. Dust-free roaster gas 
was wet-filtered, and the rhenium-bearing 
liquor was recycled to upgrade the rhenium 
concentration. The rhenium-bearing liquor 
from the first scrubbing step was added to 
the second scrubbing step, and the excess 
accumulated liquor was drawn off for con- 
ventional processing for extraction of the 
rhenium values.* 


Sutulov, A. Molybdenum and Rhenium, 1778-1977. 
University of Concepción, Concepción, Chile, 1916, pp. 224. 
*Scheiner, B. J., R. E. D. L. Pool. 


From Molybdenite Concentrates by Electrooxi 
cess Demonstration. BuMines RI 8145, 1976, 12 pp. 
p UTR J. M., and M. J. Ferrante. Thermodynamic 
rties of Rhenium Oxides, 8 to 1,400 K. BuMines RI 


1976, 15 pp. 
*Hevia, R. J., and L. Soto-Krebs. E 
From Gases Produced in the olybdenite or 
Copper Sulfide Ore. Canadian Pat. 986,722, Apr. 6, 1976. 
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Salt 


By Russell J. Foster! 


Salt production in the United States rose 
5% in 1976 to 43,801,000 tons. The amount 
of salt sold or used by domestic producers 
was up 8%, mostly owing to greater 
chlorine-caustic soda production and in- 
creased use of salt on highways. Solar, rock, 
and brine salt exhibited the most substan- 
tial gains. Prices of all forms of salt 
advanced. The largest price increases oc- 
curred in evaporated salt. Imports reached 
a record 4.4 million tons. 

Legislation and Government Pro- 
grams.—The Energy Policy and Conserva- 
tion Act of 1975 authorized the creation of a 
Strategic petroleum reserve consistent with 
a plan developed by the Federal Energy 
Administration (FEA). In 1976 FEA submit- 
ted for Congressional approval a plan that 
called for the storage of 500 million barrels 
of crude oil by December 1982 in under- 
ground salt domes, salt mines, or rock 
caverns, which are readily accessible to 
tankers or major crude oil pipelines, or 
both. Capacity for storing approximately 
240 million barrels will be developed for an 
early storage reserve, and FEA will en- 
deavor to fill this capacity to 150 million 
barrels by December 1978. The reserve will 


cost $7.5 to $8.0 billion to design, construct, 
fill, and maintain through 1982. Under- 


ground storage will minimize cost and envi- 


ronmental problems while maximizing se- 


curity. Existing caverns are available and 


new ones can be formed efficiently. Six of 


eight candidate sites for storage of the 


reserve are salt deposits in Louisiana and 


Texas. Rock salt has several characteristics 
that make it attractive for cavern con- 
struction and storage. When relatively 


pure, it is generally impervious to liquid 


and gas, has high compression strength, 
exhibits plasticity 
fractures, and can easily be solution-mined. 
The feasibility of using salt caverns for 
Storage has been previously demonstrated 
in Europe and the United States.? 


to seal incipient 


Returning to its original position, the 
Federal Government announced plans to 


dispose of radioactive wastes by storing 
them in stable geologic formations, such as 
salt deposits, under the continental United 


States. The Energy Research and Develop- 
ment Administration proposed to construct 


Physical scientist, Division of Nonmetallic Minerals. 


Federal Energy Administration. Strategic Petroleum 
Reserve. The Plan in Brief. December 1976, 23 pp. 


Table 1.—Salient salt statistics 
(Thousand short tons and thousand dollars) 


Sold or used by producers! 

_ ο JJ 8 
Value ___ ee -2-2-2222 
Imports for consumption 
8 Value 8 
nsumption, apparent ____________-__-- 
World: Production HEDE PONE ο ασ ο ο... 


1972 1973 1974 1975 1976 

44,010 44,298 46,423 41,710 43,801 
45,022 43,910 46,536 1,030 44,191 
$296,772 . $306,103 $360,763 $368,063 ,959 
869 609 521 1,332 1,007 
$5,544 $4,400 $4,216 $9,070 $10,326 
,463 3,207 3,358 3,215 4,352 
$11,979 $12,554 $14,428 $15,272 $23,476 
47,616 46,508 49,373 42,913 47,536 

161,350 170,483 "183,236 "178,432 183,252 


"Revised. 
! Excluding Puerto Rico: 29,000 short tons (1972-74), and an estimated 27,000 short tons (1975-76). 
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a waste isolation pilot plant in the bedded 
salt and potash of southeastern New Mexi- 
co. The main purpose of the facility would 
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be to test and demonstrate the operational 
and technical principles of a permanent 
repository.? 


DOMESTIC PRODUCTION 


The amount of salt sold or used by do- 
mestic producers increased nearly 8% in 
1976. Solar salt showed the largest gain, 
11%. Rock salt and salt in brine were also 
up significantly. In 1976, 55 salt-producing 
companies operated 99 plants in 16 States 
and Puerto Rico. Twelve of the companies 
produced over 1 million tons each, account- 
ing for 87% of U.S. salt production. The five 
leading States in the amount of salt sold or 
used follow: 


of total 
Louisan 30 
Texas 2-2 2c f d Eu 22 
New Vorrrl¹ʒKſ¹Knn _ 15 
OO a es Zl s 11 
Michigan -~ _ ------ 10 
Total A 88 


The percentage of salt sold or used by 
domestic producers in 1976 by type follow: 


The water in the Great Salt Lake con- 
tinued to rise in 1976, reaching its highest 
level in 50 years. To prevent further dam- 
age to dikes around salt operations and 
other lakeshore industries, the Great Salt 
Lake Division of Utah's Department of 
Natural Resources was considering a propo- 
sal to pump a large amount of the water to a 
nearby desert area, creating a new lake.* 

The final phase of 9 years of litigation 
concluded in June 1976, when the U.S. 
Supreme Court ruled that Utah also held 
title to all relict shorelands of the Great 
Salt Lake, thus granting total ownership of 
the lake and its mineral content to the 
State. The shorelands had been covered by 
water at the time of Utah's statehood, but 
became exposed when the shorelines re- 
ceded. Morton Salt Co. had been the largest 
single private landowner of lakeshore prior 
to the decision.5 

In March 1976, Morton Salt Co. 
announced the closing of its salt mine at 
Seneca Lake, N.Y., owing to high operating 
costs and an oversupply of rock salt in the 


Percent market area.‘ Cargill, Inc., acquired major- 
ME B ity ownership in Watkins Salt Co., an evap- 
Mined rock salt l 2 l 35 orated salt producer located at Watkins 
V VPP 8 
Solar evaporated salt 4 Glen, N.Y." 
Grainer or open-pan salt __ _ 1 
STOCKS 


Total salt stocks at yearend 1976 as re- 
ported by producers amounted to 2.3 mil- 
lion tons, or 5% of production. Over 56% 
was in the form of rock salt and 35% was 
solar salt. Solar salt had the greatest share 
of its production in stocks, 46%. Rock salt 
stocks were 8% of production, and the 
amounts of open-pan and vacuum-pan salt 
production in stocks were 3% and 2%, 
respectively. Brine inventory at yearend 
was small. 


Chemical and Engineering News. Nuclear Wastes to Be 
Stored Underground. V. 54, No. 21, May 17, 1976, p. 7. 

Wall Street Journal. rnment Ponders How to Safe- 
ly Dump Toxic Nuclear Waste. V. 188, No. 17, July 26, 
1976, pp. 1. 19. 

ring and Mining Journal. Utah Seeks Solution 
to Great Salt Lake Water Level. V. 177, No. 8, August 
1976, p 

Chemical Week. Brine Users Need More Than a Pinch of 

Salt. V. 118, No. 26, June 30, 1976, p. 29. 
5Engineering and Mining Journal. In the U.S. Utah. V. 
177, No. 8, August 1976, p. 131. 

Bauman, J. State P Net Billions From Lake. Deseret 
News, July 12, 1976, p. B-1. 

Wall Street Journal. Morton-Norwich to Post Net Loss 
in June 30 Year. V. 187, No. 56, Mar. 22, 1916, p. 10. 

7Cargill, Inc. News Release. Dec. 29, 1976. 
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CONSUMPTION AND USES 


A resurgent U.S. chemical industry in- 
creased its consumption of salt in 1976. The 
amount of salt sold or used by domestic 
producers for the production of chlorine- 
caustic soda rose 2 million tons. Synthetic 
soda ash production consumed less salt 
because of reduced capacity, but salt usage 
in the syntheses of other chemicals was up. 
Nearly 59% of all salt sold or used by 
domestic producers was raw material for 


the manufacture of chemicals. 

Weather conditions across the nation ne- 
cessitated a large increase in the use of salt 
on highways. Most other categories of dis- 
tribution also showed gains over 1975, par- 
ticularly the textile, metals, oil, and pulp 
and paper industries. The only area besides 
soda ash production in which salt consump- 
tion dropped notably was the rubber indus- 


try. 


Table 2.—Salt sold or used by producers in the United States, by method of recovery 
(Thousand short tons and thousand dollars) 


1975 1976 
Recovery method - 
Quantity Value Quantity Value 
Evaporated: 
Bu i 526 22,626 536 27,694 
n pans or graineee s : i 
Vacuum pans __ _ _ _ _ 2,801 120,465 2,908 147,087 
lir hn: a ee ee ene a 1,583 19,009 1,752 25,156 
Pressed blocks 5.2 es ee ee eee eee 436 17,808 412 18,401 
μα οσο ο ο ĩ ρωσ 5,945 179,908 5,607 218,288 
Rock: 
G u ο κ τσ ꝛ¾ A ͤ σαν πε 14,200 104,179 15,592 121,875 
Pressed blocks ..... .. ....- --.-.-----------------.-. 84 3,733 76 807 
JA ͥͥͥ ο ο μυ 14,283 107,912 15,668 125,682 
Salt in brine (sold or used as such) ___ „ 21,401 80,243 22,917 ,989 
Grand total? ____________________ C A 41,030 368,063 44,191 480,959 
. 4Excludes Puerto Rico. 
Data may not add to totals shown because of independent rounding. 
Table 3.—Salt sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 
"e 1975 1976 
Quantity Value Quantity Value 
Kön A οσον ο πο μπα ασ ο 1,446 81,214 1,310 35,291 
παν ß . mu nee me Ra 12,166 11,116 18,491 91,952 
I 5 ο ο εδ ucc y ee as 4,020 68,353 4,219 79,740 
New Mexico ..— 522 223 hee Se Se S Y O S es 147 1,048 W 
BW ο ³·¹Üw coL LLL y 5,978 57,344 6,495 66,441 
Ohio ag gs ce he τα ,083 54,651 5,052 66,332 
TEXAS ccr R e 8,560 42,119 9,718 48,875 
th ENES EEEE %]... εκ wr os 8 631 7,717 705 10,090 
West Virginia ------.:------Ξ---------------- 972 4,671 1,118 w 
Other States? παμπ." 2,026 23,830 2,083 32,239 
/ ũ % esM LM LE m Dea x 41,030 368,063 44,191 430,959 
Puerta μα ο ο a outer 27 


*Estimate. 
W Withheld to avoid disclosing individual company confidential data; included with “Other States." 


Quantity and value of brine included with “Other States.” 


3Includes Alabama, Arizona, California, Colorado, Kansas (brine only), Nevada, North Dakota, Oklahoma, and items 


indicated by symbol W. 


3Data may not add to totals shown because of independent rounding. 
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Table 4.—Evaporated salt sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


a 1975 1976 
Quantity Value Quantity Value 
Kód r pi a hg pe ee ως Lous m 771 26.274 785 80,795 
POP el ENO ag cute 8 275 15,112 297 01 

Michigan i. s o ure ων ασ κ ασ νους 1,185 50,851 1,190 X 
New Yopk ˙⁰·¹¹ſ ο mcus ο σα Sak 579 24,595 617 29,780 

MT ο εἰ long ch ee it ο ιδ λλες OON 590 1,508 67 ; 
Other Stats 1,945 56,067 2,046 68,210 

e ποπ v LE 5,345 179,908 5,607 218,288 
Puerto Rico) 27 639 27 639 


*Estimate. | 
1Includes Arizona, California, Nevada, New Mexico, North Dakota, Ohio, Oklahoma, and Texas. 
Mata may not add to totals shown because of independent rounding. 


Table 5.—Rock sait sold by producers in 
the United States 


(Thousand short tons and thousand dollars) 


Year Quantity Value 
iT eu AEE E AE 14,434 91,041 
e So ees 12,347 8,544 
ir) NS L 2 14,835 108,692 
1975.2 22; 0 κά 14,283 107,912 
/ e 15,668 ; 


Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 
(Thousand short tons and thousand dollars) 


Year From evaporated salt From rock salt Total 
Quantity Value Quantity Value Quantity Value 
Ü K ARN M Sus teu 376 10,927 66 2,188 442 18,065 
§˙ĩ m!; MEE E E E EUER s 451 14,508 72 2,551 523 17,059 
1914 ¹o wm 440 15,888 82 3,808 522 19,196 
1918. 22 ðͤv ʒ Ue c 436 17,808 84 8,783 520 21,541 
J!! uu, ae Su 2 412 18,401 76 3,807 1487 22,208 


1Data do not add to total shown because of independent rounding. 


Table 7.—Distribution of salt sold or used by producers in the United States, 


by use 
(Thousand short tons) 
1975 1976 
Co  -————————————————————— — . . . ——ͤ— 
αὶ tes Rock Brine Total? aeg Rock Brine Total: 
Chlorine 234 2,211 16,508 18,952 280 2,256 18,411 20,947 
Nue AE πω C Am (3) (3) 4,492 4,492 W W 4,060 4,061 
All other chemicalRss _ ------ -- _ 553 1,021 w 623 w 1,158 
Textile and dyein ggg 109 W 180 130 13 Ta 
Meatpackers, tanners, and 
casing manufacturers 241 338 A 579 246 332 ai 578 
Dairy ___________________-_ 63 5 -- 68 68 6 κ 74 
Canning 165 W W 259 161 96 3) 251 
Baking „5 PE W W o 125 W W M 126 
our processors (including l 
ce : ο SMS 8 79 21 (3) 101 77 21 (2) 98 
Other food processing 572 w w 611 602 83 (2) 
Feed dealers 858 452 ae 1,310 893 439 i. 1,882 
Feed mixers .....---- - --------- 210 283 23 552 296 296 (3) 593 
M; eee ee W 229 W 265 39 303 (3) 342 
Rubber W 11 W 127 W 9 w 108 
nb 8 75 81 105 261 92 89 132 812 
Paper and p ul w 113 w 172 w 148 213 


See footnotes at end of table. 
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Table 7.—Distribution of salt sold or used by producers in the United States, 


by use —Continued 
(Thousand short tons) 
1975 1976 
Consumer or use 
EAD Rock Brine Total! D Rock Brine Total! 
Water softener manufacturers 
and service companies 282 w w 586 294 w w 580 
Grocery stores 186 205 "M 991 184 214 "- 998 
ip geld Ue- W 7,439 w 7,680 W 8,707 8,930 
U.S. Government 24 95 (2) 119 27 47 (Š) 74 
Distributors (brokers, whole- 
salers, etc.)) 255 552 ze 807 328 576 PE 904 
Miscellaneous 1.391 1,482 601 41,924 1,383 1,965 548 «1910 
Total! | = - 55,403 514071 521,706 41,180 55,651 515,083 523,151 944,435 


W Withheld to avoid disclosing individual company confidential data; included with “Miscellaneous.” 

1Data may not add to totals shown because of independent rounding. 

Less than 1/2 unit; included with “Miscellaneous.” 

Includes withheld figures and some exports and consumption in overseas areas administered by the United States. 
“Incomplete totals; withheld totals are included with total for each specific use. 

5Differs from totals shown in tables 2, 4, and 5 because of changes in inventory. 

*Differs from totals shown in tables 1, 2, and 3 because of changes in inventory. 


Table 8.—Distribution (shipments) of evaporated and rock salt in the United States, 


by destination 
(Thousand short tons) 
1975 1976 
Destination Evaporated Rock Evaporated Rock 
Domestic Imported Domestic Imported Domestic Imported Domestic Imported 
Alabama ........ -.- -.-. 51 2 388 ur 50 = 457 3) 
Alaska __________ W n et 2x w κ. =a = 
ἱσοπ8..........-. -. -. ..-. -. 84 1 4 "E W W w es 
3 24 -- 81 1 25 Zs 99 ΡΕ 
California 881 141 w (1) 947 w w ΜΞ 
Colorado _________ 135 ΚΝ 25 d 151 a= W = = 
Connecticut 15 W W (1) 17 W W (ὦ) 
Delaware 5 5 133 W 5 16 W M 
District of 
Columbia W (3) W W 2 W W ΜΞ 
Florida 56 (1) 145 E 58 W 136 c 
Georgia 60 "n 229 ws 66 W 242 (1) 
Hawaii w (3) IN n W (1) uc Bs 
Idaho ___________ 62 EM 8 --- 59 ΕΝ W mo 
Illinois ---------- 858 W 1,051 W 364 (1) 1,059 W 
Indiana 149 1 532 38 153 (1) 640 w 
Jowa_______ _ _ _ __ 177 (1) 889 W 181 (1) 216 (3) 
DET CHE ὃς AS 101 m 228 me 100 E 196 Em 
Kentucky: 47 W 465 (2) 43 (1) 576 9 
isiana ________ 49 s 436 ΚΗ 54 a W -- 
Maine 9 W W W 9 (1) w w 
Maryland .......- 47 111 57 W 38 61 w (!) 
Massachusetts 37 495 W 39 W 428 W 
gan 198 0 430 191 (1) W 569 
Minnesota 153 (3) 415 w 168 w 826 w 
Mississippi 23 cds 95 NE 23 αλα, 110 M 
7 108 ak 317 ae 110 Hae 345 Ε΄ 
Montana 59 MT 1 zem "e 2 oe 
ebrak a 110 mem 104 TM 107 RN 85 MR 
Nevada 40 W EUR 52 W W 2 
New Hampshire w (ἆ) 154 W W (1) W W 
New Jersey 122 w 472 w 135 118 608 (1) 
New Mexico 21 nn ae 51 a 27 W 
New Vork 295 38 1,571 805 74 1,898 W 
North Carolina 94 (3) 133 (1) 114 w W (1) 
North Dakota w m 7 (1) W PM 6 (1) 
Ohio _ _ _ 55 353 1 1.261 368 a 1,687 W 
Oklahoma 45 ERE e 50 Μεν 67 NUS 
Oregon ---------- 25 192 (1) DS 48 W W = 
"ODE e: 169 69 956 w 176 68 1,116 w 
Rhode Island Ww W W 12 W W 2 
South Carolina 43 = 13 Dos 49 2: 15 (?) 
South Dakota 60 e 45 A 60 pe 84 "e 


See footnotes at end of table. 
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Table 8.—Distribution (shipments) of evaporated and rock sait in the United States, 
by destination —Continued 


(Thousand short tons) 


1975 1976 
Destination Evaporated Rock Evaporated Rock 
Domestic Imported Domestic Imported Domestic Imported Domestic Imported 


Tennessee 120 (ὦ) W (1) 118 EUN (3) 
Texas 152 S 394 BR E" 277 ee 
F 175 M W ee 195 - da 
Vermont 5 (1) 166 x W () 242 (1) 
Virginia 8⁰ 14 180 (13) 89 49 181 (2) 
Washington 60 610 ( m 65 701 (3) = 
West Virginia 19 W 180 (1) 20 W 243 (1) 

Wisconsin 185 W 576 W 192 W 547 
Wyoming 31 MM W =. 85 -- W ἘΠῚ 
Other 352 188 2,286 620 298 539 3,102 822 
Total? ___ 45,408 51,878 414,071 51,088 : 45,651 51,632 415,633 51,891 


μή leroy to avond disclosing individual company confidential data; included with “Other.” 
than 1/2 uni 

"Includes Apad to overseas areas administered by the United States, Puerto Rico, exports, some shipments to 
uns ed destinations, and States indicated by 

Data may not add to totals shown because of independent rounding. 

‘Differs from totals in tables 2, 4, and 5 because of changes in inventory. 

5Differs from totals in tables 1, 11, 12, and 13 because of incomplete data on the distribution of imported salt. 


PRICES 


The following salt prices were quoted at The weighted average price increase for 
yearend 1976 in Chemical Marketing Re- all salt was 5%. Open-pan salt displayed the 
porter:* largest rise in price, 20%. The smallest 

increase occurred in brine at slightly more 
Per 100 pounds than 1%. 
In October 1976 four major salt compa- 


ft! ad ae sum nies, Cargill Inc., Diamond Crystal Salt Co., 


Salt works AE PE MEER A International Salt Co., and Morton Salt Co., 

basis | announced price increases ranging from 8% 
MI MES nas d to 12% for rock and evaporated salt, ef- 
- co one coarse, 1.40 fective in late 1976 and early 1977. In- 
— L J... creased costs of energy, labor, packaging, 


and distribution were the factors cited.* 
The average values of different classes of 
salt in bulk, f.o.b. works, as reported by *Chemical Marketing Reporter. Current Prices of 


producers follow: Chemicals and Related Materials. V. 210, No. 26, Dec. 27, 
1976, p. 39. 
Wall Street Journal. Two More Processors Set Price 
Per ton Increases on Salt of at Least 8%. V. 188, No. 82, Oct. 26, 
1915 1976 1976, p. 40. 
Evaporated: , "T εώς 
n pans or grain ers . 
Vacuum pans ........ -.-. -. -- -.-- -- -- - 43.01 50.56 
J;·;˙%ũ ue 12.01 14.36 
Pressed | blocks, all sources 41.42 45.51 
Rock salt, bulk 7.34 7.82 
Saltinbrine. - --------------- 3.75 3.80 
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FOREIGN TRADE 


In 1976 exports of salt from the United pal foreign source of salt for the United 
States declined 24%, to 1 million tons. States with 38% of the total. The Bahamas 
Canada received 95% of exported U.S. salt. provided 32% and Mexico 16% of salt im- 

The United States imported a record 4.4 ports. Net imports of salt claimed 7% of 
million tons of salt, an increase of 35%. apparent consumption. 

Canada regained its position as the princi- 


Table 9.—Salt shipped to the Commonwealth of Puerto Rico and overseas areas 
administered by the United States 


1975 1976 
Area Quantity Value Quanti Value 
(short (thou- oet" (thou- 
tons) sands) tons) sands) 
American Samoa ......... -.-... -.-.....- -.-.-....-............. 910 $17 1213 1$11 
Puerto Rioo aap ος esL eh UE 8 19,87 5 2,261 17,106 2,197 
Virgin Islands .. . sss 919 26 398 22 


Effective August 1976, data on shipments from the United States to American Samoa were no longer compiled by the 
Bureau of the Census owing to elimination of the A Er for filing export declarations for such shipments. The 1976 
figure, therefore, reflects only the months January ugh July. 

2 Adjusted by the Bureau of Mines. 


Table 10.—U.S. exports of salt, by country 
(Thousand short tons and thousand dollars) 


zd 1975 1976 
Destination —— —o F rT 
Quantity Value Quantity Value 
J˙ . ⁰¹·¹wꝛm¹.¹-u ʒ al (1) 11 1 9 
Bahamas `- ---------------------------—--- 117 2 137 
Belgium-Luxembourg --—------------------------ (1) 4 (1) 14 
)))) ον KV“ x 1.315 7,584 958 7,918 
Costa Rita p ñ p d eee 1 84 1 60 
Denmark. .— — ., ³%Üos S S ꝛ mr (3) 23 (2) 29 
777 ³ÜW iA ZS su D Dust Lu cose (1) 25 (1) 8 
HEU ο ο ο ος c C LC 8 (1) 20 (1) 25 
Honduras -—-------------------------—-----— (1) 11 (1) 10 
WAWAIORI2 T oem. ²⁰¹ü¹0.. 6mm 88 (1) 9 1 29 
e t (1) 33 (1) 23 
ue JJ%JJJ((ö(öĩ§svͤ ?n ¾m- Li i Mu i (3) 26 (3) 40 
d ð V0‚ovd εως REGN sa 8 189 12 281 
Netherlands 1•·ͤ˙èÜĩ ee Se Sas S= = 1 93 1 183 
GG ³¹ ⁰⁰⁰⁰ m 88 1 63 1 47 
Panama a a a asua μμ πο 1 24 (3) 49 
Per: u (;. : (1) 7 (1) 8 
ο... J ντο — =s 1 11 (1) 8 
Saudi Arabia _ ᷑?:0“O , ð . 8 206 5 863 
South Africa, Republic ol (1) 10 = MN 
——— —— ————— — MÀ (1) 22 (4) 20 
Trinidad ünd Tobago ο 2 176 (1) 17 
Trust Territory of the 
Pacific Islands ......... ----------------------------.--- (1) 28 (3) 14 
nited Arab ο καμμια ο vio i ον 102 279 
United Kingdom __ ο oe (1) 63 20 73 
))).!õũũ MCN EMT ο να. 178 2 236 
Total. cmt αλ ο ee e ELE Me EE M 1,832 9,070 1,007 10,326 


!Less than 1/2 unit. 
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Table 11.—U.S. imports for consumption of salt, by country 
(Thousand short tons and thousand dollars) 


1975 1976 
Country —  — — 
Quantity Value Quantity Value 

Bahamós ĩ -..... ] Ad ͤ . LZ ee u 1,141 5,054 1,897 6,295 
Canada 2 eco ο ες 8 873 14.713 1,654 9,980 
ChiB- o oom cto e i a ον 28 139 146 667 
Germany, . LC uuu Sa eee (2) 120 1 144 
Mokio ος ων . ĩ . S ο Ie 1,042 686 4,139 
Νε oh —- - ------------------------——— 8 336 (3) ) 

Netherlands Antilles 123 596 151 
% a A ieu eae esas — 20 117 
πο ο θες ορ P HR es x 252 1,184 
nited KingdouNNUUUUU sst 3) 1 24 68 
δι μασ nz d eu ãyy s «(2) r59 521 5190 
Total ou inus dE ·ꝛ¹¹. a Es 8,215 15,272 4,352 23,416 


"Revised. 

Includes salt brine through San Francisco customs district, 12 short tons ($449). 

Less than 1/2 unit. 

Includes salt brine through Baltimore customs district, 11 short tons ($720). 

“Includes salt brine from Denmark through Cleveland customs district, 3 short tons ($2,247). 

5Includes salt brine from Denmark through Cleveland customs district, 10 short tons ($10,829); from Japan through 
Chicago customs district, 11 short tons ($730). 


Table 12.—U.S. imports for consumption of salt, by class 
(Thousand short tons and thousand dollars) 


In bags, sacks, barrels Bulk 
or other : 
Year "  (dutiable) (dutiable) 
Quantity Value Quantity Value 
ö κοντα πω μμ 28 746 13,330 118,682 
1010 uc ue d 10 580 23.205 214,692 
μπα ια — A ETER 19 691 34,333 4 


! Includes salt brine from West Germany through Baltimore customs district, 8,800 short tons ($4,926). 
Includes salt brine from Canada h San Francisco customs district, 12 short tons ($449); from Denmark through 
5 customs district, 3 short tons ($2,247); from the Netherlands through Baltimore customs district, 11 short tons 


3[ncludes salt brine from Denmark through Cleveland customs district, 10 short tons ($10,829); from Japan through 
Chicago customs district , 11 short tons ($730). 


Table 13.—U.S. imports for consumption of salt, by customs district 
(Thousand short tons and thousand dollars) 


Αμ σα 1915 1976 
ms distri 
Quantity Value Quantity Value 
Baltimore, .. u . LL 197 240 1,087 
MB ο ο κ unes LE Ete >s 204 914 261 1,101 
Buffalo; NY uuo aue cene ß iE. 64 916 51 
ö .J.... EORR ae Fah SQ 82 118 155 905 
Cleveland, % a ee ee 65 321 64 874 
f ̃² 1h -‚ AAA αι E εξ 312 1.736 861 4,964 
Duluth, Minin o cuum ³ ³ ³ AA d 8 120 621 162 1,106 
Houston, h ³ ⁰ ee aai ie dede αν S (1) 1 (1) 126 
Los les; Calif e ³ ο LE as 178 151 145 696 
Milwaukee, Wins 234 1,205 340 2.013 
New Orleans, LJ 22l2l2l2l2- 10 9 
New York City ~- 8 234 1,202 182 1,055 
Norfolk VR — ß e usu a m ee s σα 25 
ensburg, . x ee 24 120 14 81 
Philadelphia, f˖yer „„ (3) 8 (1) 2 
Portland, Me ß , e eiae 193 906 287 1,431 
Portland, Oreg |... _ 2222222-- 432 1,957 411 2,216 
Providence, R..! inn „„ 23 116 49 197 
SL Albans, ο ³¹üA A vy y 8 2 108 3 113 


See footnotes at end of table. 
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Table 13.—U.S. imports for consumption of salt, by customs district —Continued 
(Thousand short tons and thousand dollars) 


97 
| — ! 1975 1976 
Quantity Value Quantity Value 
San Juan, PUR AID 185 746 315 1,261 
Savannah, Ga... U UU ꝛ I 209 866 260 1,093 
Seattle, Wass) „„ 428 1.847 498 3,000 
Tampa FIR ⁵ĩ˙”U⅛m ͥ ½ ͥ õ⁰ßtt ⁰dyd ʒ Ii E 33 133 EN cs 
Wilmington, N.C .......--------------------...-----....- 41 203 20 117 
θα Lucem eei dei E aui. (1) 8 (1) 8 
Total μπε EIE I at ere 8,215 15,272 4,352 23,476 
1Less than 1/2 unit. 
Table 14.—U.S. imports for consumption 
of salt, by use as reported 
by salt producers 
(Thousand short tons) 
Use 1975 1976 
Government (highway use) _ _ _ 1,160 1,263 
Chemical industry ες 11 710 962 
Water-conditioning service 
companies 319 140 
%% õͥ A 88 277 
Total! `._-----------—- 2,466 3,024 
1Disagreement with totals in tables 1, 11, 12, and 13 is 
because of incomplete data on the uses of imported salt. 
WORLD REVIEW 
World salt production in 1976 was esti- 
mated at 183 million tons. Distribution of Percent 
: : ° United States 24 
the production by continent follows: People's Rep 2 75 . 18 
SSR L2. yy y 8 8 
United Kingdom .............------------------- 5 
Sm Germany, Wet i 
on O a ete ο ολο LEE 
tons Percent Poland ..------------------τ 3 
Australia __ _ _ 8 
— . : 
T us "ια coco SSS 8 
FFF 5.9 3 Noman ia 3 
South Ameri aaa 5.9 3 
JVFFFFGC ERES 2.2 1 


The 12 principal salt- producing nations, 
which together accounted for 81% of the 
world's salt, are as follows: 


Algeria.—A contract was awarded to 
Tecnosel of Milan, Italy, for a technical and 
economic feasibility study of a 500,000-ton- 
per- year solar salt operation. 


1e European Chemical News. Tecnosel Wins 
Solar Salt Study. V. 29, No. 761, Nov. 12, 1976, p. 48. 
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Australia.—In March, following Japanese 
acceptance of a 40% increase in the price of 
Mexican salt, the Australian Government 
raised the minimum price for salt exports to 
Japan by 33%. An interim increase of 24% 
had been agreed upon at the beginning of 
1976.1: 

Canada.—Soquem, the crown-owned Que- 
bec mining exploration company, an- 
nounced plans to produce 1 million tons of 
salt per year by 1980 from deposits on the 
Magdalen Islands in the Gulf of St. Law- 
rence. In addition to mine development 
work, construction of a $20 million port for 
shipping the salt to the mainland was 
scheduled. Initially, total salt production 
has been designated for deicing the roads of 
Quebec. '? 

International Minerals & Chemical Corp. 
(Canada) Ltd. signed an agreement with the 
Government of New Brunswick to explore 
and develop a potash and salt prospect in a 
T1-square-mile area near Salt Springs. The 
initial exploration work could lead to de- 
velopment of a mine and plant by 1982, in 
which case the agreement would commit 
the company to produce and market a min- 
imum tonnage within a specified time and 
to pay provincial royalties on the products. 

Germany, West.—Salzgewinnungsgesell- 
schaft of Westfalen began drilling for brine 
in the Gronau area near the German-Dutch 
border. Plans call for the drilling of 15 new 
holes by 1978. The brine will be pumped 
through a pipeline to electrolysis plants at 
Rheinberg and Marl.“ 

Greece. —Bertzeletos & Bros. and the 
Dutch firm Akzo Zout Chemie Nederland 
BV have formed a joint venture called 
Greek Salt for the purification, drying, and 
packaging of solar salt. The new facility, 
near Soussaki on the Gulf of Corinth, was 
scheduled to go onstream in October 1976 
with a production of 24,000 tons per year 

Hellenic Industria] and Mining Invest- 
ment Co. was investigating the possible 
expansion and modernization of the solar 
salt works at Messolonghi in western 
Greece. ΑΠ increase in capacity from the 
present 110,000 tons to 550,000 tons would 
cover the requirements of a proposed 
chlorine-caustic soda plant near Kavala, 
and a soda ash facility at Messolonghi.!* 

Iran.—The construction of a $10 million 
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salt operation with a production capacity of 
550,000 tons per year was completed near 
Bandar Shahpur. About 80% of the salt was 
slated for use in chlorine-caustic soda plants 
of a planned petrochemical complex. The 
remaining salt was designated for sale with- 
in Iran.“ 

Italy. —-Montedison and the Sicilian Min- 
ing Board, which runs all the rock salt 
mines in Sicily through a subsidiary, have 
established Soc. Salitaliana to coordinate 
mining from all sources and improve the 
efficiency of domestic and foreign rock salt 
marketing. Montedison has a 990,000-ton- 
per- year salt operation at Ciro Marina. 

Libya. -A West German group headed by 
Salzgitter Industriebau announced plans to 
construct a $540 million petrochemical com- 
plex for the Libyan Government at Abu 
Kammash. The principal unit, scheduled to 
go onstream in 1980, will utilize Libyan salt 
in a polyvinyl chloride plant.“ 

Mexico.—The Mexican Government 
announced its intention to increase its 25% 
share to a majority holding in Exportadora 
de Sal, the salt-mining complex 75% owned 
by Mitsubishi of Japan. The Government's 
effort to obtain more control over its raw 
material resources followed a long-running 
dispute with Japan over salt prices, which 
culminated in the temporary suspension of 
Mitsubishi's salt-mining activities in 1975. 
Most of the production of the Baja Califor- 
nia mine has been exported to Japan and 
the United States. Nationalization of the 
salt operation, coupled with a projected 
increase in production to 7.7 million tons 
per year, was intended to place more em- 
phasis on domestic consumption.” 


A UU . Australia Fixes Salt Price. V. 112, No. 


129 


PT In Canada. Quebec. 
V. 177 ο. 9 p September 1 
Industrial Minerals. Salt / Potash Show Promise. No. 111, 


Chemical ien! Potash Pact Is ed 
by IMC and Canadians. 209. No 4 Jan. 26 1976 p. K. 
i y News and Mineral 


P. 
Dutch- Greek Salt venture. No. 111, December 


1976, p. 18. 
16Chemical ineering. CPI News Briefs. V. 83, No. 19, 
Sept. 13, 1976, p. 116. 
age 58 of work cited in footnote 15. 
17Industrial Minerals. Company News and Mineral 
Notes. No. 101, runy 1976, p. 50. 
Chemical ve Salt Farm in Iran Will S Supply 
Caustic Soda ant. Ow 112, No. 2953, Feb. 20, 1976, p. 8. 
ual Review. June 1977, p. 525. 
— mical Week. Libya Slates New Complex. V. 119, 
ae 10, Det e 1976, p. 49. 
Minerals. Salt Nationalized. No. 107, 


Augus 187 19765 pp. 10, 11. 
Mexico to Take Control of Mitsubishi Salt 
Mine. V. 112 o. 2969, June 11, 1976, p. 11. 
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Table 15.—Salt: World production, by country 


(Thousand short tons) 
Country! 1974 
North America: 
Hf -=--> 1.132 
Canada -<o ß ee S a UE. 004 
Costa Rica _____ HAMM sah T 8 15 
Dominican Republi· ccc. 44 
El Salvador __________________________ .. 29 
Guatemala -—-—--——— ο ⁰ðd ο ο... 10 
/ E ĩð eae 2 6835 
Ματίηίᾳιο;.  ...................................... 180 
Merio ες ετων 76.071 
Netherlands Antilles ee 
Ni pde ign JC ↄð 8 25 
United nited States, including Puerto Rico 
. et A ο ο u Du mis Za iss 2) 14,835 
Other mim 
United State 31,701 
Puerto Riege es ee ee ee 
South America: 
ArgenUna —— e ee eee eee 1,054 
Brag) Mr νο. ο ον eee ae 1,711 
PPP πμ ο es ⁰¹r. 8 1264 
Colombia: 
SU ποτών ο ο ³ AAA sp ier 203 
e ß μμ μον μα ών 761 
Peru loe ec ων ο LUE μμ eT M KH uu IR 327 
S ag i i ee de 246 
Europe: 
Albana μπαμ dd ³·A A κ ο. 55 
Austria: 
Rock ΒΑ noD a aus umu w (3) 
Othersalt oL d που edu Qam S LL T598 
i ]²]i;Üwm «˙² ůh vr y ⁊ĩ e e 8 143 
Czechoslovakia .............- Lt 1251 
Denmark πλ τοι a ον ... ο a RON 466 
Rock int Tä bnüésil-.-- n aaa 1100 
Germany. East 7% ²¼¼¼— 8 2,511 
Germany, West (marketable): 
lll ⁰¹Üĩ̃ᷣ Set ) a|sasp s 7,697 
erue salt and other . _ _ 222222 8 
ek salt and brine salt!!! „ 4,416 
Marine salt u uu ³o-w-¹m 9 
ο μμ ² ? TTT... r 60 
Netherlands 3,734 
Poland: 
Rock $8 upa ² ] A ⁵²- AAA usus ĩ a 88 1.549 
Other talt —.—— Anci ⁵⁵ coc et 79,622 
Port : 
Rock μμ ποσο πο ο ον σος 7341 
Marine salt _______________~________ „„ 24 
Romani no ⁸ mc te eee icr 4,324 
Spain: 
Rock salt!!! 1,791 
Marine salt and other evaporateddd]d]ʒ 697 
Switzerland .........- -.-.-.------------........-.-----------.-------. 1330 
USSR? 2. mtr ous rA uw 2 Ses 714,771 
United Kingdom 
Rock ae "Ecc ae E 88 1,091 
f ˙”*⁰. ³ m 0 es 8.191 
Y via: 
J!;öÜ mL me k oes 103 
%, ³⅛A¹o¹⁴ꝛ¹r he ³ A ο ee 8 249 


See footnotes at end of table. 
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Table 15.—Salt: World production, by country —Continued 


(Thousand short tons) 
Country! 1974 1975 19165 
Africa: 
%%% ³ . cns LL acd eL 154 138 165 
μ.ο... αι κο ο PS ο κα. τος. 110 110 110 
οσον o d i UL ος ελ εως. T6 6 46 
—————— '— ————— — 39 549 551 530 
ODIA: 
Rock παω ο ³ð 8 11 11 511 
Marine salt o uou y 8 134 84 984 
PP ³Aͥ e LLL EL Zuma 51 51 51 
KenyB. ον ο mE 0 —ĩ ( ⁊ e LC δρομέα λαο 83 6 16 
————————— ————————— 11 11 511 
Malagasy l umm te το. 99 90 
111 μι Bu t A cd. 6 6 6 
Mauritania |... „„ 1 1 
Mauriué — ß ³o·1 ⁰ðd d LE 6 6 46 
j ˙¹ ↄVVSSꝓSꝓæꝓↄæ⁵ꝶ⁵õj ³ ꝓꝓa a 40 46 446 
Mosambique coo eeclesie 8 134 35 231 
7 om so cL c y y AE 2 
ö ον ιν ωρα 8 166 146 156 
Somali /) οκ k ⁊ᷣð x 8 2 2 2 
South amie ca, Republic of ee ως sees 243 291 247 
Territory of 
Marine a JJ ο πασοκ ορ” 290 r e231 *231 
a ZE ⁵ðA À————— S 8 55 78 en" 
C/;̃Ü;ͥÖæ;ęj] «]ꝗ᷑œ!:ñ ñ ĩ?⁊.•-gĩ— asume d κ RUM RE dE d a 88 49 24 
TORO. ες eu etc eL e 8 12 3 
Τι πι. ος ασ ο κ είν ο e d οι τες 321 463 817 
Uganda" — 0õ Ad km y DI LL LI Ya s 3 3 8 
Asia: 
Afghanistan” ο c Ä ⸗ↄ³³ 56 67 77 
J ³ꝛW0A . asam ĩ . ĩͤ . ENIM 187 827 615 
signs ων ESEMPIO 7136 139 140 
eem People’s Republic ff 28, 000 me 0 
j). ccu ο reis Lp: E "5.812 3,672 4,988 
doradi Ds 2 de ο ας ⁰ a ey ae M 77 57 451 
Ee Sun aasma pipt ³ðſ Q aus οκ 88 440 440 772 
να’ δν ο es ee κος I y E N 771 "71 71 
//!ô˙êedẽ xxx ui LLL LEE 126 129 95 
Japan; oc cs Le UL cic uu de D 8 1,229 1,177 1,125 
%% o ] ⅛˙. ¹“˙˙dra1m ð wd y 728 18 
Khmer RepubliãCcCc0 LL s s LLL LLL s 793 733 88 
Korea, North" __ _ _ oh uL ccn 600 600 600 
Korea; Republic of ese 633 783 762 
αν μα ο ³¹ wi r E 14 20 20 
JJC '———— ——ÁÁ——————— á—— 11 r ell *11 
Lebanon" . λαο κος reati D Re A D Pd 89 89 89 
Mongola” ii.... 8 12 12 12 
HOCK BILL LT h A km 1419 446 460 
/ ]⁰Ü¹öwwſſ ⁰ ⁰ͥ⁰⁰mt y EL UM E 148 140 156 
W j 8 τη " 7 
Ryukyu Islands" _ _ _ _ . 
Sy Lanka οπου σσ ⁵⁵¼d ον ανω 133 181 155 
rey ul hh ως S 8 86 60 
Pin a ace MM tC uu ⁵ ⁵⁵⁰ A E e ad 406 296 548 
nC rc c 180 180 180 
Horse Oe PUn 8 1,007 816 81 
Viethal 22.220 ⁰ :::: dme C LL 985 985 985 
Yemen, People's Democratic Republic ohhh 83 83 83 
C πο ͥ ³ꝛ·Ü⅛³ſfſ x A a s 75,162 5,514 
New Zealan2a2AAIs «„ „ „„ 60 44 47 
/ mu m aS eL 1183, 236 178,432 183,252 


Estimate. Preliminary. "Revised. 

reds is produced in many other countries, but quantities are relatively insignificant or reliable preduction data is not 
av 

Less than 1/2 unit. 

Series revised to include byproduct output from potash works, not previously included. 

“Includes an average annual production in the Canary Islands of about 13,000 short tons of marine salt. 

5Year beginning March 21 of that stated. 

Quantity shown is for 12 months ending June 30th of the year stated. 


SALT 


Saudi Arabia.—After a review of the 
country's second 5-year industrial develop- 
ment plan, the Saudi Arabian Government 
canceled Japanese contracts for two sea- 
water desalination plants at Jidda and Al 
Jubayl.?*: 
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Yemen Arab Republic.—The U.S.S.R. 
agreed to purchase Yemeni rock salt, part 
of which will be considered repayment of 
Soviet loans. With aid from Kuwait, the 
capacity of the As-Salif saltworks has been 
expanded to 500,000 tons per year.” 


TECHNOLOGY 


Resoarchers at the University of Dela- 
ware College of Marine Studies have been 
studying plants that thrive in saline soils to 
determine which are edible, their nutrition- 
al value, and the extent of irrigation they 
require. Many experts have noted that salt 
marsh production exceeds that of cultivated 
land, and coastal waters and marshes do not 
require the fertilization and energy that 
must go into cultivating most land.” Scien- 
tists at the University of California, Davis, 
have been engaged in an effort to find 
strains of crop plants that are able to 
tolerate salty environments. They have 
attempted to create, through selection and 
breeding, crop plants that can be grown in 
soil irrigated with brackish or salt water 
taken directly from the ocean or other 
sources. The use of water from saline 
sources could turn agriculturally useless 
land into productive areas. 

In Japan the first commercial reverse- 
osmosis, sea-water desalination plant was 
commissioned by Ohte Engineering. Devel- 
opmental work had been undertaken by 
Envirogenics Co., a subsidiary of U.S. Aero- 
jet General Corp. The concentration of sea- 
water salts in the processed water is below 
300 parts per million (ppm). 

Imperial Chemical Industries Australia 
Ltd. started up the first full-size plant using 
a desalting process developed by them and 
Australia’s Commonwealth Scientific and 
Industrial Research Organization. The pro- 
cess features ion-exchange resins that 
adsorb salts at a relatively low temperature 
of 20° to 30°C and that can be regenerated 
by washing with 90*C water. This method 
avoids the cost and environmental concerns 
of acid or alkali regeneration. Although it 
does not handle seawater, the system can 
accept brackish streams of up to 3,000 ppm 
salt, turning out water for drinking or 
industrial use. 

The U.S. Department of the Interior's 
Office of Water Research and Technology 
awarded an $85,000 contract to Gulf South 
Research Institute to develop new materials 


and techniques for desalting seawater.*’ 

New scale-preventive chemical additives 
that have undergone successful testing in 
high-temperature multistage flash distilla- 
tion units were presented at the 5th Inter- 
national Symposium on Fresh Water from 
the Sea. The established method of avoiding 
calcium carbonate and magnesium hydrox- 
ide scale on heat transfer surfaces of sea- 
water distillation plants has been by acid 
dosing with sulfuric acid. However, this 
measure can itself cause corrosion damage. 
To avoid acid, many plants have been de- 
signed for low-temperature, chemical- 
additive-dosed operation. However, the low- 
er operating temperature results in re- 
duced output compared with an acid-dosed 
plant. The new additives, therefore, com- 
bine the dual benefits of high-temperature, 
scale-free operation without acid. 

The Agricultural Research Service of the 
U.S. Department of Agriculture conducted 
experiments in which hides were preserved 
for as long as 28 days using acetic acid and 
sodium sulfite in place of salt. The re- 
searchers estimated that if U.S. leather 
processors used acid-sulfite curing on all 
hides stored less than 28 days, salt usage for 
domestic hide production could decline by 
5000. 


m European Chemical News. Technology Briefs. V. 29, 
No. 154 pt. 24, 1976, p. 39. 
industrial Minerals. πο News and Mineral 
Notes. No. 102, March 1976, p. 4 
33Rock Products. Saltwater Crops—Solution to Food 
Shortages? V. 79, No. 12, December 1976, p. 19. 

“Rush, D. W., J. D. Norlyn, and E. Epstein. Salt- 
Resistant Cro Coming. Crops and Soils, v. 29, No. 19, 
December 1976, pp. 7-9 

European Chemical News. In Brief. V. 29, No. 756, Oct. 
8, 1976, p. 32. 


Chemical Engin Sirotherm Desalting Plant 
Starts Up in Australia V 3, No. 7, Mar. 29, 1976, . 61. 


Reporter. Mitsubishi and ICI Seen 
in Joint Drei on hange Resin. V. 210, No. 8, 
PP. 4, 


cal Engineering. Companies. V. 83, No. 19, Sept. 
18,] 1976, p. 229. 

European Chemical News. Chemical Additives Prove 
Their Worth in Desalination Plants. V. 28, No. 738, May 


28, 1976, p. 26. 
mical Mar Reporter. Salt Jui Cut in 
Leather Process. V. 210 o. 18, Nov. 1, 1976, p. 4 
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Sand and Gravel 


By James R. Evans! 


In 1976, a total of 885 million tons of sand 
and gravel was reported sold or used in the 
United States. The f.o.b. value was $1.774 
billion. Of these totals, construction sand 
and gravel was 855 million tons, with a 
value of $1.604 billion, and industrial sand 
and gravel was 30 million tons, with a value 
of $170 million. 


Environmental Factors.—Environmen- 
tal and reclamation factors continued to be 
of major concern to the sand and gravel 
industry throughout the United States. 

Guidelines for limitations on existing 


1Physical scientist, Division of Nonmetallic Minerals. 


Table 1.—Sand and gravel sold or used in the United States! 
(Thousand short tons and thousand dollars) 


1972 1978 1974 1975 1976 
Sold or used: 
Construction 
Send: 
65S 330,884 346,996 322,607 265,404 418,495 
a ale ??: 8 418, 050 472.292 490,718 448,583 389 
ravel: 
gau F 461,925 510,031 404, 411 353,652 436,747 
alue e 607, 263 706, 329 683,408 634,931 9,405 
n 5 
d and gravel 
Dy l L. LL. L 92,485 97,627 148,558 143,097 (3) 
Value 63,002 70, 684 104,205 106,827 -- 
Total construction:* | 
Quantity M 884,794 954,654 875,576 162,153 855 
alue ___________ 1,088, ,315 1,249,305 1,278,831 1,190,341 1,608,794 
Industrial: 
Sand: 
Ute co πο Se 29,53 28,974 28,024 26,723 29,669 
alue 2 esto o 112,386 110,065 135,357 146,982 169,127 
Gravel: 
IY m 22. . 1,046 560 245 
ας ο nimc == re 3,342 2,996 1,109 
Total Industrial:* 
ο 5 29, 530 28,974 29,070 21,283 29,914 
C 112,386 110,065. 138, 699 149,978 170,236 
Total:? 
7 914,324 983,629 904,646 789,436 885,1 
alue ____________ 1,200,701 1,359, 870 1,417,030 1,340,319 1,774,030 
ntity_.§______________ 1,821 1,744 2,256 3,219 3,692 
Value 7,178 8,597 11,664 15,047 19,516 
rts: 
Quantity y 761 800 394 974 353 
Vall 1.379 1.576 839 777 909 


1Puerto Rico excluded from all sand and gravel statistics. 


and unprocessed are no longer separated. 


Data may not add to totals shown because of independent rounding. 


F. a. 8. (free alongside ship). 
Customs import value. 
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sources of wastewater discharges from sand 
and gravel operations into navigable water 
of the United States were published by the 
Environmental Protection Agency (EPA) in 
the Federal Register of June 10, 1976. These 
limitations are to be achieved by industry 
by July 1, 1977. Those who had existing 
permits from EPA, or from a State agency 
whose program was approved by EPA, could 
continue under the conditions of that per- 
mit until it expired. The 1977 limitations 
are defined as those achievable through 
application of the Best Practicable Control 
Technology currently available (BPT). 
Possible environmental effects of sand 
and gravel mining in arctic and subarctic 
streams in Alaska were analyzed by Wood- 
ward-Clyde and Associates for the U.S. Fish 
and Wildlife Service. Thirty-one mining 
Sites were examined in order to determine 
whether any relationship exists between 
sand and gravel extraction, the geomorphic 
characteristics of stream channels, and wa- 
ter quality and biological characteristics of 
the streams. The report, when completed in 
1978, will be of great interest because of the 
increasing importance of sand and gravel in 
Alaska. Construction of the Trans-Alaska 
pipeline has resulted in the use of mil- 
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lions of tons of sand and gravel and has 
made Alaska the second largest producer in 
the United States from 1974 through 1976. 
Future similar projects in Alaska may re- 
sult in a continuing large demand for Alas- 
ka's sand and gravel. 

Α new Michigan State law signed April 1, 
1976, will require mining companies to ob- 
tain permits to mine dune sand within 1.5 
miles of the lakeshore of Lake Michigan. In 
addition, an advance mining plan must be 
filed and land must be reclaimed after 
mining is complete. There are 6 mining 
companies working in at least 10 areas that 
will be affected by the new law. Α royalty of 
] cent per ton must be paid by companies in 
order to finance the legislation. 

River Rock Products Co.'s asphalt plant 
area, Fresno, Calif., won the 1976 first place 
Ecological Award given by the National 
Asphalt Pavement Association. This clean 
operation is on a 20-acre site that includes a 
three-hole golf course, lawns, landscaped 
drives, groves of more than 300 trees, flower 
borders, and a lake. Extensive ongoing 
maintenance is required to maintain the 
beauty of the site. 


DOMESTIC PRODUCTION 


The Pacific geographic region led the 
Nation in construction sand and gravel 
tonnage with 207 million, 24% of the na- 
tional total (Figure 2, and tables 2 and 3). 
Next was the East North Central geograph- 
ic region with 169 million tons, followed by 
the West North Central geographic region 
with 101 million tons. In industrial sand 
and gravel, the East North Central geo- 
graphic region led the Nation with 12.5 
million tons; 4260 of the national total, and 
three times the tonnage of the second-place 
Middle Atlantic geographic region. 

On a State basis, California led the Na- 
tion in construction sand and gravel sold or 
used, and in f.o.b. value (Table 4). Next, in 
order, were Alaska, Texas, Michigan, and 
Ohio. Collectively, these five States made 
up about 35% of the national total tonnage. 
The four leading States for industrial sand 
and gravel, in order, were Michigan, Illi- 
nois, New Jersey, and California. Their 
combined tonnage made up about 50% of 
the national total. 

Sales and use of sand and gravel were 
reported from 7,599 deposits. Construction 


materials were extracted from 7,396 depos- 
its; industrial materials, from 127; and both 
construction and industrial materials, from 
76. Most of the tonnage came from deposits 
producing construction sand and gravel. 
More specifically, most of the tonnage came 
from deposits with sales and use levels over 
200,000 tons (Table 11). Of the 7,396 con- 
struction sand deposits, only 1,023 were 
over the 200,000-ton level, but they accoun- 
ted for 62% of the total tonnage. 

There were 6,162 sand and gravel process- 
ing plants reported in operation. Of these, 
5,593 plants were associated with extraction 
areas on land, and 569 plants were associa- 
ted with dredging operations. 

Most of the sand and gravel tonnages 
reported to the Bureau of Mines is that sold 
or used and not necessarily produced. Some 
companies produced more than they sold on 
the market, or sold to themselves as a user. 
Other companies, because of stockpiles, sold 
or used more than they produced. Over a 
period of a few years most companies’ pro- 
duction would match their material sold or 
used. 
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Figure 1.—Sand and gravel, quantity sold or used and value in the United States. 


CONSUMPTION AND USES 


The U.S. consumption of construction 
sand and gravel was equivalent to sales or 
use and was 855,242,000 tons, nearly 97% of 
all sand and gravel consumption. Of this 
total, about 33% went into concrete aggre- 
gates for use in residential and nonresiden- 
tial buildings, and engineered construction 
such as highways, bridges, dams, water- 
works, and airports. About 9% went into 
concrete products such as cement blocks, 
bricks, and pipe; 15% into asphaltic con- 
crete aggregates and other bituminous mix- 
tures, and 24% into roadbases and cover- 
ings for construction and repair of highways 
and roads. Nearly 16% went into fills and 
8% into other unspecified uses (Table 5). 

Table 6 shows the use pattern for con- 
struction sand and gravel by geographic 
region in the United States. The data indi- 
cates great differences between use catego- 
ries and between certain geographic re- 
gions. For example, the Pacific geographic 
region leads the Nation in total construc- 
tion sand and gravel, but the East North 
Central geographic region leads the Pacific 
in tons of concrete aggregates and concrete 
products sold or used. The Pacific geograph- 
ic region, however, leads the Nation in tons 
of roadbases and coverings and fill. Table 


7, which is based on data from table 6, 
shows a percentage breakdown by major 
use categories by geographic region. It aids 
in quickly determining the relative propor- 
tions of construction sand and gravel sold or 
used by major use category and geographic 
region. 

Table 8 shows the major use categories 
for construction sand and gravel and ton- 
nages sold or used. The top 10 States in this 
category are as follows, in thousand tons 
sold or used: California, 94,765; Alaska, 
14,208; Texas, 46,571; Michigan, 42,067; 
Ohio, 37,790; Illinois, 34,300; Minnesota, 
33,486; Wisconsin, 29,630; New York, 21,125, 
and Indiana, 25,518. These States made up 
52% of the total national consumption. 

Consumption of industrial sand and gra- 
vel in the United States was 29,914,000 tons. 
The top six States in this category are as 
follows, in thousand tons sold or used: 
Michigan, 5,336; Illinois, 4,484; New Jersey, 
2,819; California, 1,827; and Texas and Okla- 
homa tied with 1,277 each. These States 
made up 57% of the total national consump- 
tion. Table 10 shows the major use catego- 
ries for industrial sand and gravel. The 
three main uses (glassmaking, molding 
sand, and metal manufacture) accounted for 
69% of the national total. 
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PRICES 


For purposes of this chapter, price means 
f.o.b. value of sand and gravel at the first 
point of sale or self-use. This value does not 
reflect any needed transportation from the 
plant, yard, or deposit to the consumer. It 
does, however, reflect those transportation 
costs needed to bring sand and gravel to the 
first point of sale or self-use by a company. 

Based on this canvass, the national value 
per ton of construction sand was $1.56; 
gravel, $2.17; and sand and gravel $1.88. 
Industrial sand was $5.70; gravel, $4.39; and 
sand and gravel, $5.69. For all sand and 
gravel the national value per ton was $2.00. 

Values per ton for major use categories 
for construction sand and gravel by State 


and for the United States are given in table 
9. A significant difference in values between 
States and geographic regions as well as 
between major use categories is evident. 
Concrete products and concrete aggregates 
generally have the highest value per ton, at 
$2.11 and $2.08 respectively. Asphaltic 
concrete aggregates are close behind at 
$1.97; roadbases and coverings and fill fol- 
low at $1.69 and $1.58, respectively. 

Values per ton for industrial sand and 
gravel were significantly higher than con- 
struction sand and gravel values: unground 
sand for glass, $5.72; metallurgical sand, 
$3.43; and foundry sand, $4.86 (table 10). 


FOREIGN TRADE 


Gravel, construction sand, and industrial 
sand were exported from the United States 
in 1976. As in 1975, nearly all of the mate- 
rials went to Canada, with most of the 
remainder to Mexico and France. 

Gravel exports were 579,859 short tons 
valued at $1,098,731 (f.a.s.), compared with 
537,290 tons and $863,821 (f.a.s.) in 1975: 
91% went to Canada, 1% to Mexico, and the 
remainder to 15 other countries. Con- 
struction sand exports were 558,733 tons 
valued at $1,336,721 (f.a.s.), compared with 
510,859 tons and $1,111,410 (f.a.s.) in 1975: 
97% went to Canada, 2% to Mexico, and the 
remainder to 27 other countries. Industrial 
sand exports were 2,533,475 tons valued at 
$17,079,590 (f.a.s.), compared with 2,171,109 
tons and $13,071,346 (f.a.s.) in 1975: 68% 
went to Canada, 23% to France, 12% to 
Mexico, and the remainder to 62 other 
countries. 

Construction sand and gravel and indus- 


trial sand were imported to the United 
States in 1976. The pattern was nearly the 
same as for 1975, with Canada and Austra- 
lia the main import countries. Total ton- 
nage of imports of construction sand and 
gravel was down about 11% from the 1975 
level, and industrial sand was up about 35% 
from the 1975 level. 

Construction sand and gravel imports 
totaled 292,112 tons valued at $424,764 (cus- 
toms import value) and $624,377 (c.i.f. val- 
ue). Slightly less than 99% of these imports 
came from Canada, 0.65% from West Ger- 
many, and the remainder from other coun- 
tries. 

Industrial sand imports totaled 60,670 
tons, valued at $483,522 (customs import 
value) and $1,042,531 (c.i.f. value). Almost 
97% of these imports came from Australia, 
2.3% from Canada, and the remainder from 
six other countries. 


WORLD REVIEW 


Nearly all countries in the world use or 
produce sand and gravel of some kind. 
However, specific data for most countries is 
not available. The United States, Canada, 
the U.S.S.R., People’s Republic of China, 
Mexico, Australia, France, West Germany, 
and the United Kingdom each consume 
more than 100 million tons annually. Proba- 
bly the United States is the leading produ- 
cer and consumer. 

An important report on aggregates in the 
United Kingdom was published in 1976.? 


The report was prepared because of the 
crucial confrontation between the planning 
units of government and those in the in- 
dustry who supply aggregates for con- 
struction. It was reported that in the south- 
east of England, where there is great con- 
cern for the environment, the sand and 
gravel industry has only about 15 years of 


2Advisory Committee on ates, Aggregates: The 

Way Ahead. Department of the Environment, Scottish 

reece Department, Welsh Office, Great Britain, 
„p. 118. 
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life. Six important aspects of the problem 
with which the report dealt are as follows: 
(1) Extension of rail facilities for transpor- 
tation of aggregates, (2) the possibility of 
restoring high-quality land, (3) reduction of 
constraints on marine dredging for sand 
and gravel, (4) more use of lightweight 
aggregates and slag and other waste mate- 
rials, (5) the possibility of mining under- 
ground for aggregates, and (6) the creation 
of super quarries in granite rocks in the 
northern part of the United Kingdom for 
production of aggregates to be shipped by 
sea to the southeast of England. 

Α two-part perspective article on silica 
and silica sands was published in 1976. 
Production, consumption, and trade of silica 
in the United Kingdom, Europe, and Scan- 
dinavia were discussed in Part 1.* In Part 2, 
the same subject matter was treated for 
North and South America, Canada, Oce- 
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ania, the Middle and Far East, and Africa.* 

In Europe, the main deposits of silica 
sand are the Mol District of Belgium and 
the Fontainebleau region of France. West 
Germany and the Netherlands are also 
important silica-sand-producing countries. 
All of these countries export silica sand, 
which goes almost entirely to neighboring 
European countries. Lump silica for silicon 
and ferrosilicon production largely comes 
from Italy, Yugoslavia, Spain, and Portugal. 
These countries provide almost all of the 
needs of other European countries with the 
exception of France. 

In North America, there is extensive 
cross trading between the United States 
and Canada of both silica sand and lump 
silica. Australia is self-sufficient in silica 
products and largely supplies the extensive 
South-East Asian market, particulary Ja- 


pan. 


TECHNOLOGY 


During 1976 many reports were published 
concerning construction sand and gravel 
and industrial sand and gravel extraction 
and processing, and the use of waste mate- 
rial for aggregates. A brief description of 
some of the more significant publications 
follow. 

Construction Sand and Gravel.—A map 
showing the sand and gravel and stone 
extraction areas in Fairfax County, Va., and 
their relation to geologic rock units was 
prepared by the U.S. Geological Survey.* 
The availability of construction materials 
and the urgency for local and regional 
planning to insure adequate future needs is 
described in a short text on the map sheet. 
Another similiar map published by the U.S. 
Geological Survey contained information 
concerning sand and gravel and other min- 
erals in Prince Georges County, Md.* 

Lone Star Industries, Inc., started con- 
struction on its new $12 million sand and 
gravel facility at Rancho Cordova, Sacra- 
mento County, Calif.“ The deposit is in the 
flood plain of the American River. As at its 
former nearby facility in Fair Oaks, Lone 
Star mines rows of old gold dredge tailings. 
About 45 million tons or a 30-year supply is 
available. The processing plant will be able 
to produce a complete spectrum of con- 
struction aggregates. À concrete ready-mix 
plant and an asphaltic concrete hot-mix 


plant will also be built onsite. Stringent 
environmental controls are required, and 
the use permit has 22 separate operating 
conditions. Before construction begins, a 15- 
foot-high earth berm planted with trees will 
be built to screen the sand and gravel 
operation. 

Columbia Sand and Gravel, a subsidiary 
of Columbia Consolidated Corp., Tucson, 
Ariz., opened a new sand and gravel pit.* A 
newly built plant, rated at 400 tons per hour 
on the dry circuit and 350 tons per hour on 
the wet circuit, produces pea gravel, road- 
bases, concrete sand, mortar sand, and 
block sand. Another Arizona company, Ari- 
zona Sand and Rock, opened a new oper- 
ation on the Salt River (dry bed) near 
Mesa.* The site is leased from the Pima and 


Industrial Minerals. Silica: World Production, Con- 
sumption and Trade Part 1. May 1976, pp. 31-62. 

* Silica: World Production, Consumption and 
Trade Part 2. June 1976, pp. 17-25. 

SFroelich, A. J. Map Showing Mineral Resources of 
Fairfax το. Va., 5 d Planning for Future 
Needs. U. S. Geol. Survey Ope e map 76-660, 1976. 


Hack, J. T. Map Showing Mineral Resources, Prince 
T ia County, U.S. Geol. Survey map MF-768-A, 
"Burns, J. Firm Plans Go-Ahead on Sand-Gravel Plant. 


Sacramento Bee, Sept. 13, 1976. 

*Levine, S. Columbia Consolidated Readies New Sand 
and Gravel Plant for Its Concrete Operations. Pit and 
Quarry, v. 69, No. 2, Aug. 1976, pp. 66-68. 

Robertson, J. L. Dry River Bed Yields Raw Material. 
Rock Products, March 1976, pp. 95-97. 
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Maricopa Indian Tribes. A new 500-ton-per- 
hour plant supplies material to the adjacent 
concrete ready-mix and hot-mix asphalt 
plants. Knox County Sand and Gravel Co., 
Vincennes, Ind., built a 400-ton-per-hour 
processing plant to replace its old smaller 
capacity plant. ^ Ample reserves and an 
increasing demand indicated that the new 
plant was necessary. The new plant can 
deliver two gravel gradations and four sand 
gradations. Gifford-Hill and Co. put a new 
dredging system into operation that has 
resulted in greater production and less 
pump maintenance costs.!! The deposit and 
plant are near Eagle Lake, Tex., along the 
banks of the Colorado River. The new sys- 
tem involves the use of two dredges, one as 
a digging dredge and the other a nearshore 
booster dredge to dig and transport mate- 
rial to the dewatering plant at about 475 
tons per hour. This operation, which is the 
company's largest, produces about 1.8 mil- 
lion tons of sand and gravel per year. Owl 
Rock Co.'s Star operation near Anaheim, 
Calif, has been beset with raw-material- 
gathering problems.'? A new wheel loader- 
conveyor combination, however, has solved 
the problems. Coherent conglomerate of 
tertiary age is blasted and moved down a 
Steep slope by two track dozers and a 
backhoe equipped with a chisel instead of a 
bucket. Material has not moved properly 
downslope to the loading hopper. Therefore, 
it was necessary to excavate a bench about 
one-third of the way down slope from the 
mining area. Three 100-foot portable con- 
veyors were set up on the bench to haul 
material across the bench to a dropoff point 
where it is then transferred to the delivery 
conveyor to the crushing plant. Α 10-cubic- 
yard wheel loader feeds the portable con- 
veyor system by dumping into a hopper. 

Resurfacing of the five-lane upper deck of 
the San Francisco-Oakland Bay Bridge was 
accomplished by using a special 3/4-inch- 
thick layer of epoxy asphalt containing 
aggregate composed of a very hard meta- 
morphosed sandstone.'* The mixture pro- 
vides a surface with increased skid-resist- 
ance and durability that traffic wear does 
not polish. 

Two important reports were published by 
the Transportation Research Board. One 
had eight papers dealing with asphalts, 
aggregates, mixes, and stress-absorbing 
membranes.“ The other report deals with 
procedures and criteria for setting density 
standards to control compaction during con- 
struction of granular base and subbase 
courses.!5 

Industrial Sand and Gravel.—Ford Glass 
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Division's new Tulsa, Okla., plant is now 
operating with a second line. The two lines 
can produce about 1 million square feet of 
architectural and auto glass daily. Employ- 
ment is 720 and the workers come from a 
100-mile radius. 

Many foundries are now using reclaimed 
sand because transportation and/or pur- 
chase prices of new sand have risen 
significantly. Cost saving can be signifi- 
cant since reclaimed sand makes better 
molds and cores and because grain size is 
more consistent, grains are rounder than 
for new sand, and many contaminants are 
removed. Consistent high-quality sand is 
provided for by reclamation, resulting in 
optimum binder use and production of a 
high-quality casting. 

Waste Materials.—The Transportation 
Research Board published the results of a 
comprehensive survey of the technical and 
economic potential for employing waste 
materials in aggregates used in highway 
construction and maintenance. There 
were two main objectives of the survey: (1) 
to inventory types, sources, and quantities 
of solid wastes potentially suitable for pro- 
duction of aggregates, and (2) to assess 
prospects for the practical use of such 
aggregates in highways, particularly when 
conventional aggregates are in short sup- 
ply. 

a new fusion process has been developed 
in which municipal refuse is incinerated 
into highway paving material. The Refuse 
Residue Fusion Process is a five-step oper- 
ation that starts with screening, includes 
firing at 1,800°F, and finally involves crush- 
ing and sizing to produce a product called 
eco-rock (ecologically sound, economical to 


10Herod, B. C. Indiana Operation Rebuilt With Best of 
Old, New Systems. Pit and Quarry, v. 68, 1976, pp. 81-83. 

Robertson, J. L. Dual Dredges vide Pro- 

duction, Low Maintenance. Rock Products, V. 79, No.8, 


ue „pp. 74-78. 

d Quarry. Wheel Loader/Conveyor Combination 
Solves Ow] Rock’s Material Gathering Problems. V.68, No. 
11, , May 1976, pp. 3 m Š 

ri r pecial 
2 9 V. 197, No. . 
1 Research Board, National Academy of 


Sciences. Asphal Mixes, Stress- 
aot Res. Record Šos, 1976, 


ene Membranes. 
p 

'5Roston, J. P., F. L. Roberts, and W. Baron. Density 
Standards for Field Compaction a Granular Bases and 
S . Transportation 


f Sci Nat. Coo High Res. Peta Rept. 
ο ences. Na perative way 
uA 9 
Daily World. Ford Glass Plant Running Around 
the Clock. Feb. 12. 1976. 
Y'Smith, K. J. Foundry Sand Reclamation Techniqu 
Foundry Management and Technol., Nov. 1976, pp. 4 2. 
10 Miller, R. H., R. J. Collins. Waste Materials as Poten- 
tial Re — for Highway Aggregates. Transport- 


ation , Nat. Academy of Sciences. Nat. 
Cooperative Highway Res. Prog. Rept. 166, 1976, 94 pp. 

19Pit and rry. Garbage, a New Aggregate So urce. V. 
68, No. 12, 1 6, pp. 100-101. 
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produce). Twenty-seven tons (before crush- 
ing) of eco-rock was produced in a pilot 
plant in 1976. The product is reported to 
have excellent skid resistance. It will be 
tested for this and other properties in a 
wearing coarse at a site yet to be deter- 
mined by the U.S. Department of Trans- 
portation. 

The San Diego Division of California's 
Department of Transportation is subetitu- 
ting freeway sweepings for sand used in 
maintenance work and saving $2.50 per 
cubic yard in the process.» By 1975 500 
cubic yards had been processed and plans 
are to increase output to 3,000 cubic yards 
per year in the greater San Diego area. 

In northwestern Iowa rubble from old 
concrete pavement was used as aggregate 
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for replacement pavements in an experi- 
mental program. About 15,000 tons of 
rubble was processed to produce 5,500 tons 
of coarse crushed material that met speci- 
fications for paving about 2 miles of ap- 
proaches to two replacement bridges on 
U.S. 75 south of Rock Rapids. Problems 
experienced were the peeling off of the 
asphalt overlay to eliminate bituminous 
material from rubble, control of fines in 
rubble, traffic control, setting up detours 
around the work areas, and scheduling for 
an independent contractor to haul off the 
broken pavement. 


Engineering News Record. Freeway Sweeping Recy- 
cled Into Pay Dirt. V. 197, No. 11, March 1976, p. 12. 

21Highway and Hoary Construction; Concrete Pavement 
Recycled. V. 119, No. 9, Sept. 1976, pp. 30-31. 


Table 2.—Sand and gravel sold or used in the United States in 1976, by geographic region 
(Thousand short tons and thousand dollars) 


Construction Industrial Total! 
Geographic Region - = - 
Quantity Value Quantity Value Quantity Value 
New England __ 44,199 14,946 147 963 44,846 5, 
Middle Atlantica 801 123, 489 4,088 21,693 399 151,182 
East North Central ,905 211,291 12,521 58,569 181,826 
West North Central ...........---------------------- 100,621 144,560 1,757 10,904 02,378 155,468 
South Atlantic ____________------- 61,440 118,218 3.841 22.942 281 141.160 
East South Centraal 42, 979 75,204 1 6,583 44,821 81,787 
West South Central .......---------------------- 181,425 8,419 28,141 95,647 205, 169 
ountain __ 82,465 149,888 814 6,029 88275 55,867 
Paeifie eect -.- eee eee 206,710 465,825 2,082 12,811 208,742 478,136 
Mr μα ee eae 855,242 1,608,794 29,914 170,236 885,156 1,774,080 


Data may not add to totals shown because of independent rounding. 
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Table 3.—Percent of sand and gravel sold or used in the United States in 1976, by 

geographic region 
Construction Industrial 
Geographic Region 
P Quantity Value Quantity Value 

New England dg ³ LLL LL LL2L 5 5 1 1 
Middle Atlantico „„ 6 8 13 16 
East North Central.... 20 17 42 94 
West North Central _.________________________ LL LLL 12 9 6 6 
South Atlantic _.__.____________________ ---------- 7 7 13 13 
South Central. 5 5 4 4 
West South Central scc l- 11 11 11 14 
Mountain _______________ ο... 10 9 8 4 
BN ο OHNEHIN MN UN MM RU 24 29 7 8 
Toal ERE ο ο. ο ο %⅛ðx2 8 100 100 100 100 


Table 4.—Sand and gravel sold or used, in the United States in 1976, by State 
(Thousand short tons and thousand dollars) 


State Construction Industrial Total! 
Quantity Value Quantity Value 

Alabama .. aK 11,624 19,683 899 1,250 12,023 20,933 
%%% t ο ιά ο ος: 4 204,7 PE το. 74,208 204, 788 
Arizona_____ _ _ _ -= 18,131 40,184 W W W w 
Arkansas 14,736 ,848 W W w w 
California 3 02352 . κος ee 94,765 190,918 1,827 11,354 96,592 202,272 
Colors ee eee ee 20,160 900 W W W W 
Connecticut .. - ............... -.....-...-.-. -....-. 6,414 12,978 m" ae 6,414 12,978 
Delawareee– -..-..-..-.. -- -.. -. -.. -.. --. -. 1,111 1,829 x 3 1,117 1,829 
Florida - a eS 12,914 17,150 1,414 8,204 19,164 
Georgia 4,520 6,484 815 1,908 4,835 8,387 
CCC ee 573 1,634 n = 573 1,634 
Ἰάεπο-........----.----ο------οἱ-ωέώς 6,549 11,504 W W W w 
Ilinois 2 ß ee aes S 300 61.759 4.484 25,898 83,784 87,152 
TY μασ ³ĩðVAA ³ A ώς 25,518 ,948 866 1,178 25,884 45,521 
lOWNÉES onu enc 88 15,206 26,277 W W W W 
πο οι κο ͤĩ]5q ͤ 8 12,291 14,940 W W w w 
Kentucky __ _ ---- 9,111 14,989 43 282 9,154 15,271 
Louisiana .-.--------------------- 22,161 49,109 367 2,184 22,528 51,293 
C7 88 10,312 13,950 W W W 
Maryland ___ . 12,942 81,914 τας. 12942 81,914 
JJ SE 16,000 ,046 84 620 16,084 ,666 
Michigan... 2 -..--.---------------- ---- 067 58,251 5,836 20,198 47,403 78,455 
Minnesota 486 44,503 W W W W 
Mississippi- - - -- - --- - 12,033 20,894 W W W w 
Missourů _ _ 2.2.2.2-- 14,474 20,954 901 5,596 15,875 26,550 
Montana ........-.....-.-.-. -. -. -. ----.----- -- -- -- -- -- 4,186 1,986 zt = 4,186 7,336 
Fake.  — o o cune doe eus 4,230 1,483 W W w w 
Nevada / s s s s eee 9,116 16,519 555 8,587 9,671 20,106 
New Hampshire __ 2-2 --------- 6,180 10,409 W W w w 
New Jersey __ _ 22222222-- 9,601 20,309 2,819 19,130 12,420 499 
New Mexico ooo «„ 1,102 16,671 ae ΕΡΕ 7,102 16,671 
New York ___ AAA 8 21,125 ,326 156 806 21,881 56,132 
North Caroline 8,309 14,8344 740 9,943 9,049 18,287 
North Dakota ............-.--.---.-.-.-.---- -..-.. 5,171 8,345 ee n 5,171 8,845 
δι ο τς απ ασ ees 37,790 71,176 1,086 5,554 38,876 76,130 
Oklahoma ___ _ -.-.-. -.-..-- -- -- ------------ 8,760 11,975 1,277 7,075 10,087 19,050 

Sr 8 17,554 33, 473 W W W 
Pennsylvania ~- _ „„ „4 17,975 47,854 1,063 7.757 19,088 55,611 

Island ee T 2,914 4,805 W W W 
South Carolina 7,110 11,802 777 5,952 7,887 17,154 
South Dakota __ _ 5,763 8,057 ο Ls 5,163 057 
Tennessee ono eere GER eee 10,211 20,138 885 4,991 11,096 25,129 
Tor NES Ll eee eke s S s. s 46,571 94,496 1,277 8,721 47,848 108.217 
Utah. e. ccce cutus E 10,547 13,442 W W W w 
Vermonnttutu!u/ʒ/ 22222-2- 2,379 3,758 W W W W 
FFII! ¹²˙¹AA Ü. ρα Lu I. 10,191 089 W W w w 
i μμ μα ποτ πμ pn Z 19,610 34,562 203 1,455 19,818 86,017 
West Virginia 4,397 11,006 W W w w 
Wisconsin ..........------------------------------- 630 35,750 1,249 6,251 30,879 001 
Wyoming- - - - .----------------- 5,470 10,782 = ae 5,470 10,782 
Total" 222.2 >u xu zum oe 855,242 . 1,603,794 29,914 170,236 885,156 1,774,080 


W Withheld to avoid disclosing individual compeny confidential data; included in "Total." 
1Data may not add to totals shown because of independent rounding. 
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Table 5.—Construction sand and gravel sold or used in the United States, by use 
(Thousand short tons and thousand dollars) 


1975 1976 
Quantity Value Quantity Value 

Concrete aggregate (residential, 

nonresidential, highways,bridges, 

dams, waterworks, airports, etc.)) -- -- -. -..-..-..-.-..-..-. 271,958 562,118 279,088 579,781 
Concrete products (cement blocks, 

bricks, pipe, etc.) ........----.-.-.-----.-.----------------------------- 61,295 125,711 78,059 164,540 
Asphaltic concrete aggregate and 

other bituminous mixtures 115,494 222,881 121,516 251,210 
Roadbase and coveringnhnsggassss -.-. 187,474 232,542 208,563 352,970 
Fill 3 o SS u LL C e 104,781 91,122 136,854 216,463 
lis BMMMEMENMC—-—-——E é 21,154 81,989 25,102 

Total - u ον ποπ ue Ee u 22 eS 162,153 1,190,341 855,242 1,603,794 


Data may not add to totals shown because of independent rounding. 
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d and gravel sold or used in the United 


States in 1976, by State and by use 


Table 9.—Value per ton for construction san 


State 
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Alaska ________ 
Arizona 
California 
Kentucky /- 


New d 

Ohio. _ -- - -.-- -- 
Oklahoma 
Texas _________ 
Utah _________ 


pshire 
ersey 
New Mexico 


Hawai 
Illinois 
Indiana 
lowa... 


Idaho 


Florida 


Connecticut 
Delaware 


Coloradoo _ _ -. -. 


1.88 


1.55 


1.58 


1.97 1.69 


2.11 


2.08 


Total 
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Table 10.— Industrial sand and gravel sold or used in the United States, by use 
(Thousand short tons and thousand dollars) 


1975 1976 
Use Value Value 
Quantity Value per ton Quantity Value per ton 
U und sand 
dr.. nA 6,455 32,371 35.01 6 87,264 35.40 
Εν μμ (Pi 8 10211 703 5.36 11,467 65,551 5.72 
J UP MENOR νο 1,871 11,812 8.62 1,498 9.946 6.64 
Grin and polihin ggg 3.44 4.00 
Fire or furnace 210 1.251 5.96 301 1.164 3.87 
ο απών RP ee RM 2, 8.83 752 2,815 8.08 
Filtration 191 1,881 7.28 183 1,060 5.79 
Metallurgical __ .....- - -- ---... 1,548 4,572 2.95 2,146 7,365 8.48 
Oil (Hydrafac) . _ 371 27 11.53 660 4,159 7.21 
Other — nl ⁵ K s 2,601 12,983 4.99 2,251 4,430 6.41 
Total Eran 88 23, 731 126,215 5.32 26,230 144,159 5.50 
Ground sand . 
Filler `- 123 2,474 20.11 185 2,001 10.82 
ChemicalñlJ - 115 86 7.56 40 611 15.28 
Enamel —— ⁰·m ͤ K W 789 17.19 
Abrasives 375 3,616 9.64 2,925 11.70 
Foundry ___ a 1,554 6,467 4.16 1,741 8,456 4.86 
Glass SS y ĩ ß 8,463 6.47 878 6,294 7.17 
Pottery, porcelain, tile 85 1,178 18.80 136 1,850 18,60 
JJ NCC gon es 206 2,646 12.84 168 2,094 12.46 
ze ee 2,992 20,707 6.92 8,440 24,968 7.26 
Gravel: 
Metallurgical ...........----------------- 448 2,180 4.87 134 577 4.81 
Other s- mu muy 88 112 816 7.29 110 532 4.84 
Total μπι μμ σε 560 2,996 5.35 245 1,109 4.58 
Grand total! _______________ 21,283 149,978 5.50 29,914 170,236 5.69 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
1Data may not add to totals shown because of independent rounding. 
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Table 14.— Transportation of sand and po to site of first sale or use in the United 


tes 
1975 1976 

Method Thousand Percent Thousand Percent 

short tons of total short tons of total 
Truck 682,874 86 164,856 86 
Ral us e nu e naa AA Ure ELEME: 88,944 5 89,023 4 
Waterway f ρω ee LC A ELE 30,315 4 33,177 4 
Not shipped, used at site 31,107 4 35,221 4 
eee, ß E E 6,196 1 880 2 
Total* Lu ͥ‚⁴¹ð¹¹wwwdd . ; 789,436 100 885,156 100 


Data may not add to totals shown because of independent rounding. 
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Silicon 


By Frederick J. Schottman! 


Production and consumption of most sili- 
con materials increased in 1976 over the 
depressed levels of 1975, and silicon metal 
production reached record high levels. Sup- 
plies were adequate, and while ferrosilicon 
prices were raised at midyear, silicon metal 
prices were unchanged, despite rising pro- 
duction costs. The relatively strong U.S. 
market attracted increased imports of ferro- 
silicon as worldwide industrial activity re- 


mained well below capacity. 

Domestic producers continued 
struction programs intended to increase 
capacity and to meet environmental pro- 
tection requirements. Foreign producers 
were also adding new capacity, much of it 
located in countries which had not previous- 
ly been major producers of silicon mate- 
rials. 


DOMESTIC PRODUCTION 


Production of silicon materials followed 
the general improvement in economic activ- 
ity. Particularly large increases were made 
for silicon metal and miscellaneous silicon 
alloys. 

Overall, production of ferrosilicon in- 
creased over the levels of 1975, but did not 
match those of 1973 and 1974. Production of 
25% to 55% ferrosilicon was up 1396 and 
shipments were up 29%. Shipments of 56% 
to 95% ferrosilicon increased 20%, but pro- 
duction increased only slightly. However, a 
significant portion of the production of 5696 
to 95% ferrosilicon in 1975 had gone into 
building up stocks, while 1976 production 
was more in balance with shipments. Since 
1974, there was a shift from high-silicon- 
content ferrosilicon by domestic producers. 
On the basis of silicon content, about two- 
fifths of ferrosilicon alloys produced in 1974 
were in the 56% to 95% class, compared 
with about one-fourth in 1976. | 

Production and shipments of silicon met- 
al reached the highest levels ever with 
increases of 37% and 47%, respectively. 
Miscellaneous alloys showed increases of 
15% in production and 28% in shipments. 
About three-fourths of the material in this 
class is magnesium ferrosilicon. Among oth- 


er alloys included are calcium-silicon, 
silicon-manganese-zirconium, and  rare- 
earth silicides. 

Except for silicon metal stocks, which 
increased 34%, producers' stocks were little 
changed from the beginning of the year. 

Several new plants and modernization 
projects were completed or under con- 
struction during the year. The new con- 
struction included both addition to capacity 
and replacement of obsolescent furnaces by 
more efficient and environmentally cleaner 
modern furnaces. 

Ohio Ferro-Alloys Corp. completed a new 
silicon metal plant at Montgomery, Ala. 
The plant has three 20-megawatt (MW) fur- 
naces with a capacity of 36,000 tons per year 
(tpy). A new 24-MW ferrosilicon furnace 
was completed by Airco, Inc., at its Niag- 
ara Falls, N.Y., plant. The Addy, Wash., 
plant of Northwest Alloys, Inc., a subsidiary 
of Aluminum Co. of America, began limited 
production in 1976. The plant is designed 
for a capacity of 16,000 tpy of silicon metal 
and 24,000 tpy of magnesium. The magne- 
sium is produced using ferrosilicon smelted 
at the plant. Α new ferrosilicon plant with a 


Physical scientist, Division of Ferrous Metals. 
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40-MW furnace was under construction by 
Tennessee Alloys Co. (TAC) at Bridgeport, 
Ala. with startup planned in 1977. The 
project is a joint venture between Interna- 
tional Minerals & Chemical Corp., with a 
75% interest, and Allegheny Ludlum Steel 
Corp. The new furnace will replace the 
three furnaces in the old TAC plant at 
Bridgeport and will result in a net 
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increase in capacity of 50% to 75,000 tpy of 
50% ferrosilicon. 

In May 1976, the U.S. Environmental 
Protection Agency issued standards of per- 
formance for air pollution control systems 
for ferroalloy submerged arc furnaces, con- 
structed or modified since October 1974. 
The standards set limits on the emission of 
particulates and carbon monoxide. 


Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, 
and silicon metal in 1976 


(Short tons, gross weight except as noted) 


regt Pro- Shi epe 
t ae ip- stocks as 
Alloy “ass sas - Dec. 31, duction ments Dec. 81, 
Range Typical 1975" 1976 
Silvery pig iron 5-24 18 W W W 
Fe 8 1 (includes briquet? ) _ _ _ 48 57,505 524,486 485,926 54,417 
2 EIE ee om Pree σας 456-95 15 21,097 128,552 120,329 21,523 

Silicon metall!!! 96-99 98 13,884 141, 617 131,067 18,564 
Miscellaneous silicon alloys (ex- 

cluding silicomanganese)! ) 82-65 m 17,934 90,119 83,233 17,256 


"Revised. W Withheld to avoid disclosing individual company confidential data. 
! Includes “Other silicon alloys and products" shown separately in previous years. 


Table 2.— Producers of silicon alloys and/or silicon metal in the United States in 1976 


Producer Plant location Product 

Airco, Inc., Airco Alloys Div _______________________- Calvert City, E Y "m FeSi. 

HP PARADO VEG MERI ο . ο ο y Οτο κ.α Niagara F EU Do. 

Alabama Alloy Co, Inc __ _ -- 22222 L2 L2-2- Bessemer, Ala Do. 

Aluminum Co. of America, 

NOT a Io s eee eee d eee Addy, Wag Do. 
Chromium & Smelting Corp. Div _______________ Woodstock, Tenn Do. 

Engelhard Minerals & Chemicals Corp., Philipp Bros. Div. 

e Electric Furnace co Rockwood, Tenn Do. 

Foote Mineral Co., Ferroalloys Div ___ --- Graham, W. va Do. 

J CEN RC Keokuk, Iowa ........... Silvery pig iron. 

e ann εἷς | ] Co Riddle, Oreg FeS 

ina ic ejl melting Co — — _ αρ λω νεος. iddle, Oreg .....΄-΄-΄-- i. 
JJ παντων οσα. Wenatchee, Wash _ _ _ _ FeSi, Si. 
Interlake, 1 τος, Globe Metallurgical -i Beverly, Ohio Do. 
) oper Eod Selma, Ala Si. 
asa mig a & Chemical Corp., Industrial 
e 
Tennessee Alloys Co __ _ „ Bri rt, Ala FeSi. 
Tennessee Metallurgical Corp ------------------—-- i „Tenn n 

tional [talla ical Div S inan ld, D Oreg S 
atio urgi d ha 8 pringh e TNR i. 

Ohio Ferro-Alloys Corr Brilliant, Ohio FeSi, Si 
DO cod LL E 88 . Aja A ones Si. 
öͤõÜͤ˙iõ2ẽwi ß eeu Le ee ae ο, Ohio FeSi. 
DO cd u UE DS 2 t Powhatan, Ohio Si. 

Reynolds Metals Co ooo „„ Sheffield, Ala ______ Do. 

Union Carbide Corp., Metals Dir oy, W. va FeSi, Si. 
Doo sa d E A Ass Ashtabula, Ohio FeSi. 
| ete PEE ietta, Ohio Do. 
Do uiti cec upa Αν y t cM UE ma Portland, Oreg __ _ _ _ _ Do. 
|» RR a Ae URS TEC ας Sheffield, Ala Do. 

CONSUMPTION AND USES 


Reported consumption of silicon mate- 
rials increased in 1976, compared with 1975 
use. The increase followed closely the pro- 


duction trends for end uses such as cast iron 
and aluminum castings. 
Consumption of 2596 to 5596 ferrosilicon 
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Table 3.—Consumption, by major end use, and stocks of silicon alloys and metal 
in the United States in 1976 


(Short tons, gross weight except as noted) 


Miscel- 
Silicon content,  Silvery CEP Silicon laneous 
percent pig iron Ferrosilicon m silicon Total 
End use alloys? silicon. 
Range 524 2555 5670 7180 81-95 9699 conn 
Typical 18 48 65 16 85 98 58 
Steel: i 
FCC 3,072 84,639 6,146 84,211 273 250 6,728 75,554 
Stainless and heat- 
isting —- --------—- ($) 11,049 57 14,539 49 174 347 16,805 
Full allo _ 327 29,600 518 9,707 267 1,321 955 24,057 
High-strength low- 

( ($) 7,905 "m 2,081 108 ($) 647 5,843 
Electric ------------ A 140 (9 sx 23,388 M (‘) — 17.842 
llt ease ΕΕ 2,292 (9 756 4) 461 ($) 2,127 
Unspecified 2,861 1,469 3 533 23 76 94 1.795 

Total steel ______ 6,260 137,094 6,756 85,215 720 2,282 8,771 144,023 
Cast irons ____________ 41.266 234,905 3,752 32,678 2,067 29 92,102 202,659 
Superalloys ________ __ _ 2 296 EX 4 86 67 1 285 
oys (excluding alloy 
steels and superalloys) ) 620 6,126 6 369 277 51,218 412 59,942 
Silicones nod __ ES aa mes 1,229 2 40,404 
Miscellaneous and unspec- | 
JJ 2,562 2,089 1 429 _. 9.546 5,245 7,328 
ese Daren, Salas es 50,710 380,510 10,515 118,695 3,150 103,431 106,531 454, 641 
Percent of 1975 73 119 138 98 104 141 118 117 
Total silicon 
content! ______ 9,128 182,644 6,834 90,208 2,677 101,362 61,788 XX 
Consumers' stocks, 
Dec. 31, 1978 5, 855 31,804 762 16,892 573 10, 147 7,952 44,660 
XX Not applicable. 
Includes briquets. 


2Includes magnesium-ferrosilicon and other silicon alloys. 


SEstimated based on typical Επ content. 
“Included with “Unspecified 


increased 19% while that of 71% to 80% 
ferrosilicon, the other major grade, decreas- 
ed slightly. Consumption of 56% to 70% and 
81% to 95% ferrosilicon increased in 1976, 
but these grades remained a small part of 
the total ferrosilicon used. Since 1974, the 
data indicate a change away from the use of 
the higher grades of ferrosilicon toward the 
use of the 25% to 55% grade. 

Cast iron remained the largest end use for 
ferrosilicon in 1976, and accounted for most 
of the reported increase in consumption. 
Steel, the other major end use, showed little 
change. 

Silicon metal consumption increased 
41%. For the two major end uses, which 
together accounted for over nine-tenths of 
the total, consumption in alloys (principally 


aluminum base alloys) and in silicones in- 
creased 37% and 57%, respectively. Sili- 
cones accounted for about two-fifths of the 
total. An important, but relatively low ton- 
nage, application for silicon metal is as the 
raw material for the production of semicon- 
ductor silicon. This material is the basis for 
most semiconductor devices now produced. 
Advances in electronic device technology 
reduced the amount of silicon required to 
perform a function, but these same ad- 
vances opened up new uses. Applications 
expanded rapidly, both in new products and 
as replacements for mechanical and 
electromechanical systems. 

Yearend consumer stocks for all classes of 
materials were little changed from the be- 
ginning of the year. 


PRICES 


Prices for silicon materials were relative- 
ly steady in 1976. Supplies were adequate as 
demand recovered moderately from 1975 


and new production capacity came on- 
stream. 
Domestic producers raised ferrosilicon 
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prices in June. On the basis of contained 
silicon, the price of 5096 ferrosilicon was 
raised 2 cents to 34.5 cents per pound, and 
the price of 75% ferrosilicon was raised 0.5 
cent to 37.0 cents per pound for standard 
grades, f.o.b. shipping point. The f.o.b. ware- 
house price of imported 75% ferrosilicon, as 
quoted in Metals Week, bottomed out at 28 
to 30.5 cents per pound early in the year, 
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after declining steeply in 1975, and rose to 
80 to 31.5 cents per pound at yearend. 

Prices for domestic silicon metal were 
unchanged during the year at 42.25 and 46.4 
cents per pound for the 190 and the 0.3596 
maximum iron grades, respectively. Quoted 
prices for imported silicon metal declined 
from 42.5-44.5 cents per pound to 40-41 cents 
per pound. 


FOREIGN TRADE 


Exports of ferrosilicon were down 6896 in 
quantity and 51% in value from 1975. Ap- 
proximately 68% of the exports were to 
Canada which received 8,498 tons. Other 
major recipient nations were Brazil, with 
1,849 tons, and Mexico, with 563 tons. 

Ferrosilicon imports increased by 40% in 
quantity on a gross weight basis but 
decreased 5% in value. The quantity of 8% 
to 60% ferrosilicon doubled, with the in- 
crease coming from Canada, which provided 
84% of the imports in 1976. Imports of 60% 
to 80% ferrosilicon rose 2396 in quantity. 
Norway continued to supply the largest 
portion with 4096 of the total. Other major 
suppliers were France (9%), India (9%), the 
Republic of South Africa (8%), Yugoslavia 
(8%), and Brazil (8%). Japan, which in 
earlier years had been an important source 
of both 8% to 60% and 60% to 80% ferrosili- 
con, shipped lower amounts to the United 
States in 1976. Shipments of 60% to 80% 
ferrosilicon to the United States from Tai- 
wan and Canada also decreased significant- 
ly. 
As in 1975, Norway, the Republic of South 
Africa, and Yugoslavia were the major 


sources of imported silicon metal, with 35%, 
33%, and 22% of the total, respectively. 
West Germany and Japan supplied nearly 
all of the imported high-purity semicon- 
ductor grade silicon, which is included in 
the over 99.7% silicon import class. 
Ferrosilicon containing 60% to 80% sili- 
con and silicon metal with 99.0% to 99.7% 
silicon were among the materials from cer- 
tain developing countries granted duty-free 
entry to the United States under the Gen- 
eralized System of Preferences (GSP) start- 
ing January 1, 1976. During the year, the 
Office of the Special Representative for 
Trade Negotiations rejected a petition from 
the Ferroalloys Association that the treat- 
ment of ferroalloys under GSP be modified. 


Table 4.—U.S. exports of ferrosilicon 


Quanti Value 
Year wood (thou- 
tons) sands) 
19714... ones 6,575 $3,338 
I ndm 38,45 15,281 
τν, otro sa t 12,416 7,449 


Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 


by grade and country 
1975 1976 
Quantity Quantity 

Grade and country (short tons) ue (short tons) (us 

u- thou- 

Gross Silicon sands) Gross Silicon sands) 

weight content weight content 
Ferrosilicon: 
Over 896 but not over 60% silicon: 

Belgium- Luxembourg 64 29 $56 ΠῚ πα ἘΠῚ 
Canada __ _ _ _ ge Be ed a 6,291 1,866 1,105 26,477 11,474 $7,201 
«ö; 8 τοῖο. He E 150 10 41 
France. ee eic 2,863 1,450 2,211 2,114 1,039 1,820 
Germany, Weũet 284 154 528 136 406 1,411 
/ Ü˙˙Ü¹ö ð³oò A Oe 38 18 14 19 8 10 
Japan. Loc yt 88 4,318 2,027 4,021 1,118 551 814 
powa 33377 ͤ K 1.451 634 1,059 966 429 511 
Uni i CCC 20 4 16 ἘΝ EE = 
Total, E 15,329 6,182 9,010 31,575 13,983 11,868 


See footnotes at end of table. 
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by grade and country —Continued 


Grade and country 


1975 


Quantity 
(short tons) 


Gross 
weight 


Silicon 
content 


1976 


Quantity 
(short tons) 


Gross 
weight 


Silicon 
content 


Value 
(thou- 
sands) 


Ferrosilicon —Continued 


Over 60% but not over 80% silicon: 


France 

Netherlands 
πονάνε m Le LIE 
South Africa, Republic f 


Silicon metal: 


Korea, Republicof ß 
Norway __ W naL 


Switzerland 


Yugoslavia πε ο μωρο 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by. e and country —Continued 
1975 1976 
Quantity Quantity 
Grade and country (short tons) Value (short tons) . Value 
- (thou- — (thou 
weight content weight content 
Silicon metal—Continued ll „ U C U s Y 
Over 99.7% silicon: 
Belgium Luxembourg (3) (3) $13 (3) (3) $44 
J%%ũò — e ec (5) (5) 5 19 19 16 
Czechoslovakia . _ _ _ _ _ -- 56 56 70 m "es ae 
Denmark -< 2225-2 22-5254 (5) (5) 134 1 1 407 
Germany, West ___________-_-_-_- 2,054 65 65 3,689 
Italy. tes See eae ee 1 43 (5) ) 17 
Japan uen 8 15 15 1,145 19 19 1,045 
Noro 95 95 136 did. -- a 
Switzerland _____________-_-- 1 1 270 n x 
United Kingdom (5) (3) 16 (3) (9) 2 
Total a ee eue 198 198 8,886 104 104 5,220 
Grand total!!!! 3,908 3,852 6,591 9,630 (2) 11,708 
iNew category effective January 1, 1976. 
Content data not available. 
SLess than 1/2 unit. 
WORLD REVIEW 


Australia.—A new 45-million-volt-ampere 
(MVA) ferrosilicon furnace was commis- 
sioned by the Tasmanian Electrometallurgi- 
cal Co. Pty. Ltd. (TEMCO), a subsidiary of 
Broken Hill Proprietary Co. Ltd. The fur- 
nace, located at Bell Bay, Tasmania, has a 
capacity of 28,000 tpy of 75% ferro- 
silicon. 

Brazil.—Several companies are planning 
or installing additional ferrosilicon capacity 
totaling about 110,000 tpy. The companies 
include Alcan Alumínio do Brasil S.A., Cia. 


Paulista de Ferro-Ligas, Cia. Brasileira Car- 


bureto de Calcio, Electrometalur SA, Ital- 
magnesio SA, Ligas de Alumínio S.A. 
(Liasa), and Productos Metalurgicos 
Sampaio Lara Ltda. 

Canada.— Production began at the Becan- 
cour, Quebec, plant of SKW  Electro- 
Metallurgy Canada Ltd. The plant includes 
a 30-MW furnace and two 20-MW furnaces, 
and has a capacity of 25,000 tpy of 75% 


ferrosilicon and 25,000 tpy of silicon metal. 

Iceland.—Elkem-Spigerverket A/S took 
over Union Carbide Corp.'s former interest 
in Icelandic Alloys Ltd. The Icelandic Gov- 
ernment holds 55% interest in the com- 
pany. Startup of the first furnace at the 
ferrosilicon plant under construction in 
1976 is expected in 1978, with a second 
furnace due later. 

Japan.—A 19,000 tpy ferrosilicon furnace 
was started at the Wakagawa plant of 
Japan Metals and Chemicals Co. Ltd., giv- 
ing the company a capacity of 72,000 tpy. 

Korea, Republic of.—Sam Chok Indus- 
trial Co. Ltd. began testing the furnace at 
its new silicon metal plant. 

Venezuela.—Hornos Electricos de Vene- 
zuela S.A. (HEVENSA) installed two new 
furnaces to raise its capacity to 12,000 tpy of 
ferrosilicon. 


Silver 


By Harold J. Drake’ 


Domestic mine production of silver in 
1976 totaled 34.3 million ounces,? a level of 
2% below that of 1975. The decline in 


output was mainly attributed to a labor 


strike that shut down the Sunshine mine in 
Idaho for most of the year and the closure of 
several mines in Nevada. Refinery output 
in 1976 from domestic and foreign ores, 
coins, and old scrap totaled 104.6 million 
ounces compared with 111.2 million ounces 
in 1975. Most of the decline occurred in 
output of silver from foreign ores and con- 
centrates and old scrap other than coins. 
Imports totaled 88.4 million ounces and 
exports totaled 14.6 million ounces. The 
excess of imports over exports was 73.8 
million ounces compared with 57.8 million 
ounces in 1975. The general decline in the 
price of silver that began in the second half 
of 1975 was halted on January. 26, 1976, 
when the average daily price per ounce 
reached 381.5 cents, the low for the year. 
The high for the year, 510.0 cents, was 
reached on July 6 with the price declining 
thereafter. The average daily price was 
424.0 cents on January 5, 437.5 on Decem- 
ber 30, and 435.4 cents for the year. The 
average monthly price followed an upward 
trend from 406 cents per ounce in January 
to 481 cents per ounce in June but declined 
rapidly thereafter and remained near 435 
cents per ounce for the rest of the year. 

Industrial consumption totaled 170.6 mil- 
lion ounces, an increase of 860 over that of 
1975. An additional 1.3 million ounces was 
used in coinage. Significant increases were 
recorded for electroplated ware, photo- 
graphic materials, mirrors, contacts and 
conductors, catalysts, and coins, medallions, 
and commemorative objects. Significant 
declines were recorded for sterling ware, 
jewelry, brazing alloys and solders, and 
batteries. 


Private stocks of silver at yearend totaled 
146.4 million ounces, down 11.9 million 
ounces from 1975. Government stocks, at 
186.8 million ounces, were down 1.7 million 
ounces from the preceding year. Industrial 
stocks fell 4 million ounces to 30.6 million 
ounces and trading stocks at various com- 
modity trading centers fell 8.4 million 
ounces to 115.8 million ounces. Treasury 
bullion stocks in the Bureau of the Mint 
were 39.7 million ounces at yearend, a level 
only slightly below that of yearend 1975. 
Silver available to defense contractors from 
the Department of Defense stocks totaled 
7.6 million ounces at yearend. These stocks 
consisted of fine silver recovered from old 
scrap items collected mostly from various 
U.S. military services branches. The total 
amount of silver in the national stockpile 
remained at 139.5 million ounces, the same 
as at yearend 1975. On October 1, 1976, the 
Federal Preparedness Agency of the Gene- 
ral Services Administration (GSA) issued 
new goals with the goal for silver set at zero. 
As a result, the 139.5 million ounces in the 
stockpile was surplus but congressional ap- 
proval for disposal had not been given by 
yearend 1976. 

Trading volume on the New York Com- 
modity Exchange (COMEX) was 18.5 billion 
ounces in 1976 compared with 14.5 billion 
ounces in 1975. Trading volume on the 
Chicago Board of Trade (CBT) totaled 10.1 
billion ounces compared with 9.8 billion 
ounces in 1975. COMEX warehouse stocks 
at the end of 1976 stood at 54.8 million 
ounces compared with 85.7 million ounces 
at yearend 1975. CBT stocks at yearend 
1976 were 61.0 million ounces compared 
with 38.5 million ounces at yearend 1975. 

Legislation and Government Pro- 
grams.—Legislation was introduced in Con- 


1Physical scientist, Division of Nonferrous Metals. 
20unce as used throughout this chapter refers to the 
troy ounce. l 


1223 


1224 


gress, but not enacted, to authorize the 
disposal of approximately 118 million 
ounces of excess silver in the national stock- 
pile. During 1976, GSA offered and sold by 
bid 696,205 ounces of silver reclaimed by 
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various Federal agencies. The Bureau of the 
Mint struck the last of the 45 million 40% 
silver Bicentennial coins ordered by Con- 


gress. 


Table 1.—Salient silver statistics 


United States: 
c. Value = 3 thousand troy ounces. _ 
f ĩèͤ K ds 
Ore ol fa and siliceous) produced: 
V thousand short tona. _ 
Gold-silver OBL E te do ..- 
Silver ore DM 
Percentage derived from: 
Dry and siliceous oress - -..-...----. 
Base-metalores ........................-.......-.-. 
Refinery production thousand troy ounces. _ 
Exports ----η----------------- do- 
Imports, general^ ___—------------ ee 
Stocks Dec. 31 
Treasury million troy ounces_ .. 
Industry 3 thousand troy ounces . 
Consum 
Industry and the arts do_ ___ 
Prices per troy ounce... 
World 
Productioůonn _ thousand troy ounces. — 
Consumption‘: 
Industry and the arts do— 
Coinage -— ------------------ do... 
"Revised. 
From domestic ores. 
*Excludes coinage. 
Excludes silver in silver dollars. 


1972 1978 1974 1975 1976 
37,233 37,484 33,762 84,938 34,328 
$62,737 $95,883 $159,018 $154,424 3149,28 
1,579 3,817 2,033 2,251 1,998 
173 124 65 137 1,027 
564 593 693 182 794 
81 30 30 35 82 
69 70 70 65 68 
38,866 36,494 32,368 33,073 84,959 
29,657 11,215 18,390 82,626 14,596 
65,406 130,681 396 90,422 88,357 
46 45 44 41 40 
152,255 130,111 136,543 158,299 146,423 
151,663 196,386 176,027 157,650 170,559 
2,284 920 1,017 2,740 1,315 
$1.685 $2.558 $4.708 $4.420 $4.348 
301,510 307,974 "292,184 297,882 304,899 
1388, 900 1471, 300 417,400 — 365,300 395,000 

38,400 "29,200 127, 700 29,200 A 


“Includes silver in COMEX warehouses and silver err in Chicago Board of Trade. 


5 Average New York price - Source: Handy & 
Market economies only - Source: Handy & Harman. 


DOMESTIC PRODUCTION 


Domestic mine production of recoverable 
silver decreased slightly to 34.3 million 
ounces equivalent to 20% of U.S. demand in 
1976. Idaho accounted for 34% of the out- 
put, Arizona 22%, and Colorado 12%. Mis- 
souri, Montana, Utah, New Mexico, and 
Nevada, in the aggregate, accounted for 
30% and eight other States accounted for 
the remainder. About 39% of the silver 
came from copper mining operations, 30% 
from silver ore, 14% from lead ore, and 13% 
from complex copper-lead-zinc ores. The 
remainder came from ores of gold, gold- 
silver, zinc, and from old tailings. 

Refinery output of marketable silver to- 
taled 104.6 million ounces, 52% of which 
came from concentrates and ores, both 
foreign and domestic, with the remainder 
coming from old scrap. Recovery from do- 
mestic ores and concentrates rose about 4%, 
whereas recovery from imported ores and 
concentrates continued to decline dropping 
by 26%. Production of silver from coins 
more than doubled which nearly offset a 


22% decrease in output from other old 
scrap, and therefore. the amount of silver 
extracted from old scrap declined only 2% 
to 50.2 million ounces. Production of new 
scrap, 53.1 million ounces, was 5% above 
that of 1975. 

The 25 leading silver producers (table 3) 
accounted for 81% of domestic production. 
Six of the leading producers mined silver 
ores while most of the remainder mined 
copper, lead, and zinc ores. Twelve of the 
leading mines produced in excess of 1 mil- 
lion ounces during 1976. 

The largest silver mining district in the 
United States, Coeur d‘Alene, Idaho, was 
reviewed in detail. Major subjects of the 
review were the complex geology of the area 
and mining and metallurgical methods at 
the principal silver mines. Another report 
detailed the efficient mining operations at 
the Black Pine silver mine near Philipe- 


Carters, R. A., and T. Li. Idaho's Coeur d'Alene District 
Sets Sights on Record Production. Min. Eng., v. 28, No. 7, 
July 1976, pp. 49-64. i 
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Figure 1.—Silver production in the United States and Idaho and price per ounce. 
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burgh, Montana.‘ The Black Pine mine 
produced 300 tons per day of ore with a per 
ton grade of 7.2 ounces of silver, 0.01 ounce 
of gold, and about 11 pounds of copper. 

ASARCO Inc. reported that production of 
silver totaled 3.42 million ounces from its 
Galena mine, 0.67 million ounces from its 
share of the Coeur mine, and 0.22 million 
ounces from the Park City mine. ASARCO 
continued to evaluate the Troy project, a 
copper-silver deposit in Montana, with a 
potential annual output of 4.2 million 
ounces of silver. The new Coeur mine went 
onstream in June and by yearend was 
operating at its design capacity of 2.2 mil- 
lion ounces of silver per year. Also in June, 
the company brought into commercial pro- 
duction a new copper refinery at Amarillo, 
Tex., with an annual capacity of 60 million 
troy ounces of silver. 

Day Mines Inc. (DMD, Wallace, Idaho, 
reported a sharp increase in silver pro- 
duction to 1.95 million ounces in 1976.“ 


AVERAGE NEW YORK PRICE 


1970 
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1975 1980 


DMI’s Sherman mine in Colorado produced 
53,514 tons of ore averaging 24.51 ounces of 
silver per ton. Other mines contributing to 
DMI’s increased output were the Galena 
and Coeur mines in Idaho in which DMI has 
interests. 

Earth Resources Co. (ERC) continued con- 
struction of the De Lamar silver mine in 
Idaho which was expected to be in operation 
by April 1977.” Exploration by ERC during 
1976 more than doubled reserves thereby 
extending the estimated life of the mine 
from 10 years to more than 20 years. 

Hecla Mining Co., Wallace, Idaho, report- 
ed a 1-million-ounce decline in production 
to 3.2 million ounces of silver in metallic 
concentrates in 1976.* The sharp decline in 


*White, L. Trackless Mining on a Small Scale: Inspir- 
ation's Black Pine Silver Mine. Eng. Min. J., v. 177, No. 9, 
September 1976, pp. 98-100. 

ASARCO Inc. 1976 Annual Report. 32 pp. 

$Day Mines Inc. 1976 Annual Report. 13 pp. 

Earth Resources Co. 1976 Annual Report. 25 pp. 

5Hecla Mining Co. 1976 Annual Report. 28 pp. 
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production resulted from a nearby yearlong 
strike at the Sunshine mine which reduced 
considerably its output and, consequently, 
Hecla's share of that output. Hecla's Lucky 
Friday mine accounted for 82% of Hecla's 
output, the company's share of the Sun- 
shine Unit area for 10% and, its share of 
the Star-Morning Unit area, for 7%. The 
remainder came as Hecla's share of the 
output from the Lakeshore mine. The 
Lucky Friday mine produced 2.64 million 
ounces of silver from 186,520 tons of ore for 
an average recovery of 14.16 ounces per ton. 
Tonnage was higher but grade was lower in 
1976 than in 1975. Hecla's share of the 
Sunshine Unit area totaled 0.31 million 
ounces from 13,447 tons of ore averaging 
29.06 ounces of silver per ton. 

Production of silver by The Bunker Hill 
Co. Kellog, Idaho, a subsidiary of Gulf 
Resources & Chemical Corp., rose 12% to 
7.79 million ounces. Most of the silver 
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came from the Bunker Hill mine in Idaho, 
which at yearend, contained 2.3 million tons 
of proven ore averaging 1.4 ounces per ton. 
An additional 0.78 million tons of the same 
grade was classed as probable ore. Bunker 
Hill’s interest in the Star mine consisted of 
0.51 million tons of proven ore and 0.19 
million tons of probable ore, both of which 
averaged 4.0 ounces of silver per ton. Exp- 
loration at the company-owned Crescent 
mine resulted in the discovery of a new area 
of silver mineralization, the size of which 
had not been delineated by yearend. 
Homestake Mining Co., reported silver 
production from its Bulldog mine in Colora- 
do totaled 1.6 million ounces in 1976, up 
slightly compared with 1975.10 The average 
grade of the 117,783 tons of ore mined in 
1976 was 18.1 ounces per ton. Ore reserves 
of all types at yearend were 791,375 tons 
averaging 19.9 ounces of silver per ton. 


CONSUMPTION AND USES 


Industrial consumption of silver rose 8% 
to 170.6 million ounces in 1976. An addition- 
al 1.3 million ounces was used for coinage 
purposes, a level half that of 1975. Use in 
photographic materials, which accounted 
for one-third of consumption in 1976, rose 
21% to 55.5 million ounces. Use in contacts 
and conductors, the second largest use cate- 
gory, rose 19% to 32.3 million ounces, 
whereas, the third largest use, sterling 
ware, declined 16%. In the aggregate, these 
three uses accounted for 63% of total in- 
dustrial consumption in 1976. Use of silver 
in catalysts continued to increase and re- 
corded a 40% gain to 12.3 million ounces. 
Use in electroplated ware rose 9% to 9.5 
million ounces and use in coins, medallions, 
and commemorative objects rose 15% to 8.2 
million ounces. Use in mirrors rose 47% to 
4.6 million ounces and use in dental and 
medical supplies rose 29% to 1.9 million 
ounces. Declines in consumption were re- 
corded for brazing alloys and solders, down 


18% to 11.2 million ounces; jewelry, down 
14% to 11 million ounces; and batteries, 
down 18% to 3.5 million ounces. 

Certain applications appear to have excel- 
lent potential for an increased rate of 
growth in demand. The use of silver in solar 
energy applications was expanding. In this 
application, pure metallic silver is used in 
mirrors for collecting and concentrating the 
sun’s rays which are then focused on boilers 
or other receivers used to generate electri- 
city. Use of silver to purify water is growing 
because it can effectively control bacteria 
and other organisms found in water. Major 
applications includes swimming pool filters 
and filters that purify drinking water. Sil- 
ver is being used to prevent buildup of static 
electricity in carpets and other types of 
woven material. In such applications silver 
is precipitated on a fiber which is eventual- 
ly included with other fibers used to make 
the antistatic product. 


STOCKS 


Total accountable stocks at yearend were 
333.2 million ounces. These consisted of 30.6 
million ounces in industry stocks, 39.7 mil- 
lion ounces in Treasury stocks, 7.6 million 
ounces in Department of Defense stocks, 
139.5 million ounces in the strategic stock- 
pile, and 115.8 million ounces in COMEX 
and CBT registered vaults. COMEX ware- 
house stocks decreased 30.9 million ounces 


to 54.8 million ounces while CBT stocks rose 
22.5 million ounces to 61.0 million ounces. 
Compared with total stocks at yearend 1975, 
a decrease of 14.1 million ounces was reg- ` 
istered in 1976. 


9Gulf Resources & Chemical Corp. 1976 Annual Report. 
44 pp. 
l?Homestake Mining Co. 1976 Annual Report. 35 pp. 
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Figure 2.—Silver consumption in the United States, 1976. 


PRICES 


The price of silver fluctuated somewhat 
during 1976, rising in the first half then 
falling rather rapidly for the next few 
months. The price then rose slightly and 
remained fairly steady for the remainder of 
the year. The average daily price in cents 
per ounce of silver, as quoted by Handy and 
Harman, New York, began the year at 
416.5, reached a low of 381.5 on January 26, 
a high of 510.0 on July 6, and finished the 
year at 437.5 on December 30. The gain in 
the average daily price in 1976 was 21.0 
cents. The average monthly price was 406.3 


cents per troy ounce in January, rose to 
481.2 in June and 477.9 in July, and then 
declined sharply to 423.7 cents in August. A 
slight increase was then recorded in the 
final months to about 435.0. The average 
monthly price for the year was 435.4 cents 
per troy ounce compared with 441.8 cents in 
19775. 

Prices on the London Metal Exchange 
ranged from a low of 389.5 cents per ounce 
to a high of 507.6 cents per ounce (U.S. 
equivalent). The average for 1976 was 434.9 
cents. 
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Trading volume on the COMEX was 18.5 
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ing volume was 10.1 billion ounces, a gain of 


billion ounces during 1976, an increase of 0.3 billion ounces over that in 1975. 


4.0 billion ounces over 1975. The CBT trad- 


FOREIGN TRADE 


Exports of silver fell 55% to 14.6 million 
ounces. Refined bullion, which accounted 
for 52% of total exports, totaled 7.6 million 
ounces, a level one-third that of 1975. Ex- 
ports of waste, scrap, and sweepings declin- 
ed 31% to 6.8 million ounces which was 
equivalent to 47% of total exports. Ore and 
concentrates, the remainder of the exports, 
totaled 0.16 million ounces. Japan, the prin- 
cipal foreign market in 1976 for exported 
material received 4996 of the total; the 
United Kingdom, 20%; Belgium-Luxem- 
bourg, 11%; Taiwan, 4%; Spain, 3%; and 
Brazil and Switzerland 296 each. The remai- 
ning 990 went to about 10 countries. Bullion 
was shipped mainly to Japan, with signifi- 
cantly smaller amounts to Canada, Taiwan, 
and Brazil. Waste, scrap, and sweepings 
were sent to the United Kingdom, Belgium- 
Luxembourg, Japan, Spain, and Switzer- 
land among others. 

Imports of silver totaled 88.4 million 
ounces compared with 90.4 million ounces 
in 1975. Refined bullion accounted for 76% 
of total imports; ore and concentrates, 19%; 
waste and sweepings, 4%; and doré and 
precipitates the remainder. A 9% increase 
in imports of bullion to 67.2 million ounces 


was not enough to offset a 21% decrease in 
imports of ore and concentrates to 16.7 
million ounces, a 40% decrease in imports 
of waste and sweepings to 3.3 million 
ounces, and a 45% decrease in imports of 
doré and precipitates to 1.2 million ounces. 

The principal source for imported silver 
in 1976 was Canada which supplied 40.6 
million ounces equivalent to 4696 of total 
imports. Mexico supplied 18.4 million 
ounces or 21% of total imports, Peru 11.3 
milion ounces or 1396, and the United 
Kingdom 6.0 million ounces or 7%. Hondu- 
ras, India, Japan, and Yugoslavia, in the 
aggregate, supplied 9.1 million ounces or 
1096 of total imports. The remaining 396 
was supplied by a number of countries 
including Australia, Chile, Territory of 
South-West Africa, Italy, and the Philip- 
pines. 

Most of the bullion imported in 1976 came 
from Canada, Mexico, Peru, and the United 
Kingdom. Ore and concentrates came main- 
ly from Canada, Australia, Honduras, Mexi- 
co, Peru, Philippines, and South-West Afri- 
ca. Canada accounted for most of the im- 
ports of waste and sweepings. 
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Figure 3.—Net exports or imports of silver, 1960-76. 


WORLD REVIEW 


World mine production of silver in 1976, 
including centrally planned economy coun- 
tries, increased 2% to 305.0 million ounces. 
The United States, Canada, Mexico, and 
Peru accounted for 50% of world output. 

World consumption of silver in 1916 for 
industrial and coinage uses, exclusive of 
centrally planned economy countries, total- 
ed 422.0 million ounces compared with 394.5 
million ounces in 1975.1! A 19% increase in 
industrial use, which accounted for 94% of 
total use in 1976, was more than enough to 
offset an 8% decrease in use of silver in 
coinage. Total consumption by market eco- 
nomy countries exceeded newly mined sup- 
ply by 178.0 million ounces according to 
Handy & Harman estimates. Secondary 
production supplied 40% of the difference, 
outflow from Indian stocks, 31%; demone- 
tized coin, 2896; and U.S. and foreign Gov- 
ernment stocks the remainder. West Ger- 
many was reported to have supplied an 
unusually high 28 million ounces of silver 
in 1976 reclaimed from official coins that 
had been retrieved by that Government. 

Australia.—Production of silver rose 7% 
to 25.1 million ounces. An agreement was 
reached between Australian Mining & 
Smelting Ltd., St. Joe Minerals Corp., and 


Phelps Dodge Corp., to develop the Wood- 
lawn lead-zinc-copper-silver deposits in New 
South Wales. The deposit contained about 
11 million tons of proven reserves contain- 
ing about 22 million ounces of silver in 
addition to other metals. An open pit mine 
was planned to be operational in about 2 
years. The agreement calls for continued 
exploration around the Woodlawn ore body, 
particularly of sulfide occurrences similar 
to the main deposit. Western Selcast (Pty.) 
Ltd. and MIM Holdings Ltd. continued to 
explore the massive sulfide zone at their 
Teutonic Bore property in Western Austra- 
lia. By yearend, several million tons of ore 
containing as yet unknown quantities of 
silver, copper, and zinc had been outlined. 
Diamond drilling of the deposit and metal- 
lurgical testing of the ore were continuing. 
Aquitaine Australia Minerals Pty. Ltd. and 
Serem Australia Pty. Ltd. continued to 
explore a major silver, lead, and zinc pros- 
pect near the town of Kunununa, in West- 
ern Australia. 

Canada.—Mine production of silver in 
1976 increased 396 to 40.9 million ounces. 


HHandy & Harman. The Silver Market, 1976. 61st 
Annual Review, 1976, 22 pp. 
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Production of silver at the Kidd Creek mine 
of Texasgulf Canada Ltd. totaled 10.4 mil- 
lion ounces, about 13% above that of 1975.12 
At yearend, the mine contained a 205- 
million-ounce silver reserve above the 2,800- 
foot level. Exploration below this level con- 
tinued to find ore so that the ultimate depth 
of the deposit had not been delineated at 
yearend. Texasgulf Inc. continued diamond 
drilling its large base metal sulfide deposits 
at Izok Lake and Hood River, Northwest 
Territories. At yearend, the exploration has 
delineated ore reserves containing 25 mil- 
lion ounces of silver at Izok Lake and about 
1.0 million ounces at Hood River. Further 
drilling was planned to determine the ex- 
tent of the deposits. 

Mine production of silver by United Keno 
Hill Mines, Ltd. declined 1996 to 2.4 million 
ounces.!? Ore reserves declined from 208,000 
tons averaging 37 ounces of silver per ton to 
182,000 tons averaging 43 ounces per ton. 
Silver production at the Sturgeon Lake 
mine, a joint venture between Sturgeon 
Lake Mines, Ltd. and Falconbridge Copper 
Ltd., was 1.1 million ounces, a level only 
slightly above that of 1975.'* Reserves at 
yearend 1976 totaled 1.4 million tons aver- 
aging 5.47 ounces of silver per ton. 

Noranda Mines Ltd. reported silver pro- 
duction from the No. 12 and No. 6 mines of 
Brunswick Mining & Smelting Corp., Ltd. 
totaling 3.0 million ounces in 1976 com- 
pared with 4.4 million ounces in 1975." 
Reserves at both mines at yearend totaled 
about 100 million tons containing 300 mil- 
lion ounces of silver. Noranda Mines Ltd. 
has a 64.190 interest in Brunswick Mining 
& Smelting Corp. Ltd. Noranda's Geco Div. 
reported production of 1.6 million ounces of 
silver in 1976 from an ore reserve that 
contained 41.0 million ounces at yearend. 
Production of silver by Mattagami Lake 
Mines Ltd. and Mattabi Mines Ltd. totaled 
2.5 million ounces in 1976. Ore reserves of 
the two mines totaled 26.1 million ounces at 
yearend 1976. Noranda Mines Ltd. has op- 
erating interests in these mines. 

Canex Placer Ltd., a subsidiary of Placer 
Development Ltd., was planning a mine- 
mill complex to exploit the Sam Goosley 
silver-gold-copper property located at Hous- 
ton, British Columbia. The property was 
estimated to contain 43.5 million tons of ore 
containing 2.78 ounces of silver per ton. The 
Ruth Vermont silver-lead-zinc mine near 
Golden, British Columbia, began operating 
at near capacity from an ore reserve that 
contained an estimated 4 million ounces of 
silver. 
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Dominican Republic.—Rosario Domini- 
cana, S.A. a subsidiary of Rosario Resources 
Corp., operated its new Pueblo Viejo base 
metal mine near capacity in 1976.16 Pro- 
duction of doré bullion included 907,318 
ounces of silver and 413,739 ounces of gold. 
Reserves of oxide ore totaled 25.8 million 
tons containing 18 million ounces of silver 
and 3 million ounces of gold. A sulfide ore 
reserve contained 19.5 million ounces of 
silver and 2.6 million ounces of gold. At 
yearend, a satisfactory metallurgical pro- 
cess to treat the sulfide ore had not been 
developed. 

Honduras.—Production of silver in 1976 
at the El Mochito mine of Rosario Resources 
Corp. totaled 3.2 million ounces. Ore re- 
serves decreased during the year to 6.2 
million tons containing 31.7 million ounces 
of silver and 12,340 ounces of gold, in 
addition to lead, zinc, and copper. 

Japan.—Production (primary and secon- 
dary) and consumption of silver in 1976 
totaled 37.9 million ounces and 57.0 million 
ounces, respectively. The supply deficiency 
was made up by imports of bullion and 
stock withdrawals. The principal uses were 
photography (which accounted for 45% of 
total consumption), contacts and conductors 
(12%), fabricated products (10%), and braz- 
ing alloys (8%). 

Mexico.—Mine production of silver in 
1976 totaled 42.6 million ounces. The exten- 
sive expansion of silver mines and plants of 
recent years did not result in the sharply 
increased output expected in 1976. How- 
ever, production was still expected to in- 
crease by about 20 million ounces by the 
end of 19778. 

Lacana Mining Corp. formed in 1975 
through the merger of Lacanex Mining Co. 
Ltd., Pure Silver Mines Ltd., and Tormex 
Mining Developers Ltd., completed its first 
full year of operation in 1976.17 The com- 
pany has a 3096 interest in Las Torres 
silver-gold mining complex in Guanajuato 
and a 4096 interest in La Encantada silver- 
lead mine in Coahuila. It also has mining 
operations outside Mexico. Silver pro- 
duction at Las Torres complex in 1976 
totaled 4.1 million ounces from an ore 
reserve that at yearend 1976 contained 46 
million ounces of silver. When operating at 
full capacity, annual production at Las 


19Texasgulf Inc. 1976 Annual Report. 48 pp. 
13Falconbridge Nickel Mines, Ltd. 1976 Annual Report. 


pp. 
14Page 36 of reference cited in footnote 13. 

I5Noranda Mines, Ltd. 1976 Annual Report. 40 pp. 
16Rosario Resources Corp. 1976 Annual Report. 32 pp. 
17Lacana Mining Corp. 1976 Annual Report. 22 pp. 
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Torres should total 7.2 million ounces of 
silver. Silver production at the Encantado 
mine in 1976 totaled 1 million ounces. At 
yearend, silver reserves totaled 38 million 
ounces. Annual production at the La Encan- 
tada mine is expected to be 3.2 million 
ounces when operated at full capacity. 

Expansion of the Huautla silver-lead 
mine in Morelos by Rosario Mexico, S.A. de 
C. V. continued in 1976.1 Completion of the 
new crushing plant, which will increase the 
production rate from 140 tons of ore to 300 
tons per day, was delayed until early in 
1977. Silver production in 1976 totaled 
546,817 ounces. At yearend, silver reserves 
stood at 8.0 million ounces. 

Placer Development Ltd. Canada, contin- 
ued to study its Real de Angeles silver 
property in Zacatecas. Diamond drilling in 
prior years outlined a deposit containing 43 
million tons of ore averaging 2.5 million 
ounces of silver per ton. Plans in 1976 called 
for an open pit mine capable of producing 6 
million ounces of silver per year to be in full 
production in 1979. 

Production of silver at the Real del Monte 
mine, Hildago, was 4.0 million ounces in 
1976.!* Reserves were estimated at yearend 
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to be about 30 million ounces. 


Nicaragua.—Rosario Mining of Nicara- 
gua, Inc., a subsidiary of Rosario Resources 
Corp. continued to explore the area around 
the Rosita mine and a large low-grade 
deposit of silver and gold in the Coco River 
area.» Mine and reserve development took 
precedence over production and as a result 
the mill at Rosita was not operated in 19'76. 

Peru.—Mine production of silver in 1976 
totaled 35.6 million ounces compared with 
37.5 million ounces in the preceding year. 
Partial financing for the planned expansion 
of the mining industry was extended to 
Empresa Minera del Centro del Peru, a 
wholly-owned subsidiary of Minero Peru, 
the Government-owned mining enterprise. 
Under the plan, the Cabriza copper-silver 
mine will expand annual output from 0.7 
million tons of ore to 3.5 million tons of ore 
containing approximately 1.3 million 
ounces of silver. The Cuajone copper project 
began operating in late November 1976 
with a rated mill capacity of 45,000 tons per 
day from a deposit grading 1% copper. In 
addition to primary copper, significant 
quantities of byproduct silver will be pro- 
duced. 


TECHNOLOGY 


Researchers at the Bureau of Mines Reno, 
Nev. Metallurgy Research Center continued 
studies to develop economic methods for 
recovering silver and associated metals 
from low-grade or refractory ores. Much of 
the research dealt with heap leaching, acti- 
vated carbon gold-silver recovery methods, 
and elevated-temperature pressurized strip- 
ping of gold and silver loaded carbon. Pre- 
liminary chemical refining tests were con- 
ducted on a silver sulfide precipitate to 
determine the feasibility of producing pure 
silver by a leaching-electrowinnning se- 
quence. Research on the selective ex- 
traction of silver and copper from a complex 
sulfide concentrate from an antimony leach 
plant was continued. The concentrate was 
treated with an alkali sulfation roast follow- 
ed by a sulfuric acid leach that resulted in 
the extraction of 99.560 of the silver and 
99.7% of the copper. Refractory oxide silver 
ore was subjected to beneficiation tests to 
produce a silver-enriched limonite product 
for an acid-brine leach and a separate 


calcareous tailing. Results of the tests were 
inconclusive. 

A rockburst monitoring system developed 
by the Bureau of Mines to warn of impend- 
ing outbursts of rock was ready for commer- 
cial use.“ The sensing elements of the 
monitoring system are geophones, extreme- 
ly sensitive microphone-like instruments 
for detecting vibrations in rock. Strategical- 
ly arrayed groups of geophones are linked 
to a computer that has been programed to 
pinpoint the origin of small-scale displace- 
ments, or microseismic events, that create 
minute noises the intensity and frequency 
of which can signal dangerously high stress. 
The monitoring system identifies zones 
where high stresses, that cause dangerous 


18Page 9 of reference cited in footnote 16. 

l?Engineering and Mining Journal. New Silver Discov- 
eries Provide Rescue for Mexico's Real del Monte Mine. V. 
171, No. 9, September 1976, pp. 35-38. 

20 es 11 and 14 of reference cited in footnote 16. 

21Blake, W., F. Leighton, and W. I. Duvall. Microseismic 
Techniques for puro ὁ the Behavior of Rock 
Structures. BuMines Bull. 665, 1974, 65 pp. 
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rockbursts, can be relieved by detonating 
explosive charges in strategic locations. 
Such controlled blasts help prevent the 
rockbursts. À rockburst monitoring system 
designed by the Bureau of Mines is in use at 
ASARCO's Galena silver mine near Wal- 
lace, Idaho, and similar systems have been 
installed in the Lucky Friday silver mine 
and the Star silver mine both of which are 
adjacent to the Galena mine. 

A study of energy use patterns in the 
production of silver was published.“ The 
report detailed energy consumption in each 
operation in the production of metallic sil- 
ver and concluded that total consumption of 
energy per ton of metallic silver amounted 
to 1.5 billion Btu's. 

Innovative drilling and blasting techni- 
ques were developed at Texasgulf Canada, 
Ltd's, Kidd Creek base metal mine near 
Timmins, Ontario.* The underground oper- 
ation utilizes a unique sublevel open stope 
method developed using large diameter 
blastholes bored with rotary drills. 

Worldwide research on silver technology 
was reviewed.“ 

A method was developed for recovering 
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silver adsorbed as a cyanide complex on 
activated charcoal. Loaded charcoal is 
treated with sodium carbonate or potassium 
carbonate and then washed with deionized 
or softened water to dissolve the silver. 
Silver was removed from some ores using a 
flame formed by reacting hydrogen and 
chlorine, which volatilized the silver. The 
metal was then recovered by condensation 
and leaching.” 


. **Battelle Columbus Laboratories. 3 Use Patterns 
in Metallurgical and Nonmetallic Mineral 
(Phase 6 - Energy Data and Flowsheets, Lo 6. 1978 
Commodities). BuMines Open File Rept. 1170176, do 
pp. 174-181; available for consultation at the 
libraries in oosa, Ala., Park, Nd. 
Twin Cities, Minn., ge κ "AT Boulder Ci , Nev., Reno, 
Nev., Al ^ , and Salt Lake City, tah; National 
Library of Dura! ια, Department of the Interior, 
Washington, D.C.; and from National Technical Inform- 


` ation Service, Springfield, Va., PB 261 150/AS. 


33Blakey, P. N., T. R. Yu, and D. O. Tansey. Kidd Creek s 
Innovative Blasthole Sub lével Stoping. Min. Eng., v. 28, 
No. 6, June 1976,. pp. 24-31. 

„** Silver Institute. New Silver Technology. 1976, 287 


PP Ss Davidson, R. J. Metal, Particularily Gold, 5 
m Ser a Cyanide Complexes. U.S. Pat. 3,970,737, 


liver, R. E., and G. McGuire (assigned to Matthey 
usten Refiners (Pty.) Ltd.). Treatment of Material 
With Hydrogen Chloride. U.S. Pat. 3,998,926, Dec. 31, 1976. 


Table 2.—Mine Intec Stef of recoverable 


silver in the United States, by month 
(Thousand troy ounces) 

Month 1975 1976 
Januar 3,048 2,909 
February πμ m aaa D 2,108 2,948 
March. eee mme em 2,920 8,073 
JJ 26x due cede 3,013 2,831 

Vee MEER 2,904 2,574 
n.... eee 2,993 2,913 
M c A cue 2,805 2,622 
August ----------------- 2,842 3,039 
September 2,867 2,962 

Ros ies eee Lt. S 8,016 2,828 
November ...........-.-----------. 2,743 2,855 
December |... _ _ 3,079 2,116 
„„ lez 84,938 134,328 


roun 


Pata do not add to total shown because of independent 
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Table 3.—Twenty-five leading silver-producing mines in the United States in 1976, 


in order of output 
Rank Mine County and State Operator Source of silver 
1 Galena Shoshone, Idaho ASARCO Ine Silver ore. 
2 atom sa ---- Silver Bow, Mont The Anaconda Company _ _ _ _ _ _ Copper ore. 
8 Lucky Friday... Shoshone, Idaho _ _ _ _ Hecla Mining Co ore. 
4 üt... cs τοι μαμα ASARCOInc. ........ .- - - - - -. Silver ore. 
5 Utah Copper Salt Lake, Utah .... Kennecott Co r Corn Copper ore. 
6 Bulldog Mountain. Mineral, Colo Homestake Mining odo Silver ore. 
7 unker Hill Shoshone, Idaho The Bunker Hill Co_________ Lead-zinc ore. 
8 Buick Iron, Moo Amax Lead Co. of Missouri Lead ore. 
9 Sunshine Shoshone, Idaho .. _ _ Sunshine Mining co Silver ore. 
10 Twin Buttes ...... Pima, Ariz  .... _ Anamax Mining Co Copper ore. 
11 Sierrita |... _ _ _ Συ τορος Duval Sierrita Cord Do. 
12 Sherman Tunnel Lake, Colo Day Mines, Ine Silver ore. 
13 Pima-.-.....- Pima, Ariz ......- Cyprus Pima Mining Co Copper ore 
14 Star Unit Shoshone, Idaho _ _ _ _ e Bunker Hill Co" Ca and Hecla -zinc ore 
με ————— M 
15 Morenci ο... Greenlee, Ari Phelps Dodge Corr Copper ore. 
16 Magma Pinal, Ariz _______ a Copper Coo Do. 
17 Ontario Summit, Utah ...... Park City entures 3 Lead- zinc ore. 
18 Tyrone Grant, N. Menn Phelps Dodge Cork Copper ore. 
19 Tnte 2 3 D 2 Sy Utah, Uta Kennecott od E CUI 5 Gold- silver ore. 
20 Idarado ............ Ouray: and San Miguel, Idarado M Mining Co Copper-lead-zinc 
ore. 
21 San Manuel Pinal, Ari: Magma Copper COo — Copper ore. 


22 Magmont .....- Iron, Moo Cominco American, Inne ore. 
28 Mission Pima, Ari AS ARCO Ina Copper ore. 
24 Copper Canyon Lander, Nev .....- Duval Cord . Do. 

25 Crescent Shoshone, Idaho _ _ _ _ The Bunker Hill co Silver ore. 
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Table 4.—Silver produced in the United States, in 1976, by State, type of mine, and class 
of ore, yielding silver, in terms of recoverable metal 


iis (troy Gold ore Gold-silver ore Silver ore 
ounces — 
act, — Short omy, Shot ΟΠ. Short τ 
E tons of silver ns of silver tons of silver 
Alaska a 1,808 463 112 m - -- c 
Arizona.. vs W W W W 53,152 164,823 
California 163 5,526 1,279 2,225 15,657 50 389 
Colorado _____________ PR 96,817 4,643 589 8,970 196,061 2,699,952 
Idaho __ ..- AS 91 91 72 689 466,162 6,885,167 
Michigan -_ - Se = κ. SEN E "T Se 
Missouri Re -- ex x A as SEN 
Montana x 3,711 1,588 5,121 21,409 68,122 309,226 
evada ______________ 100 ; 41,927 W W 9,231 119,874 
New Mexico fe 10,455 2,458 3,776 10,311 128 1,859 
New Vork M E MS MM p 2a τα 
South Dakota |. .. ...- den 1,658,132 58,117 ae ae E m 
Other States Eins 49,081 124,948 1,014,738 598,922 244 6,595 
Total 2,071 1,992,774 241,163 1,026,521 661,958 793,156 10,187,385 
Percent of total 
silver 3) ea 1 — 2 = 90 
Lode 
Copper ore Lead ore Zinc ore 
Troy Troy 
Short Short Short 
ounces ounces ounces 
tons of silver tons of silver tons of silver 
Alaska __._________ no ΕΠ 18 1,345 τε OR 
Arizona___________ 173,325,593 7,216,850 219 336 Rod 1 
California Ee — = ΗΠ W W 
Colorado a -- 206 882 178,945 108,650 
Idao - -. W W 181,733 2,592,878 W W 
Michigan 3,801, 271 310,837 οτος ΚΕ ο. vas 
Missour . κα 8,657,845 2,277,018 ΗΝ = 
Montana __________ 16,780,787 2,985,682 488 4,826 w W 
Nevada 8,057,651 486,325 n M W W 
New Mexico 25,015,712 765,800 W W W W 
New Vork A KT TON zc 1,112,553 49,199 
South Dakota ___ . ... . -- zc e Ms "S hs 
Other States 29,707,680 1,778,751 3,771 42,865 695,913 147,886 
Total! 251,688,694 13,554,245 8,850,334 4,919,145 1,987,411 305,685 
Percent of total | 
silver iy 39 m 14 — 1 
Lode 
Copper-lead, lead-zinc, 
copper-zinc, and Old tailings, etc. Total? 
copper-lead-zinc ores 
Short Short a Short SEO 
ounces ounces ounces 
tons of silver tons of silver tons of silver 
Alaska a m T iz t 541 3,265 
Arizona 91.378 33,763 40,985 15,098 174,451,346 7,615,112 
California AS ως W W 10,101 57,265 
Coloradoooo 882,466 1,260,574 Ta — 1 ; 4,083,171 
Idango 1,132,543 2,025,916 "e E 1,959,630 11,561,421 
Michigaen S as ΜΝ a 3,801,271 310, 
Missourr -. --- ---. mee EN m a 8,657,845 2,277,018 
Montana W W 16, 858, 301 3,218, 
N 77,450 99 830 EN T 3,382,711 2 
New Mexico is -- LUI ae 25,161,206 891,932 
New York |... .....- t E D2 D 1,112,553 ; 
South Dakotraa = m 2S es 1,658,132 58,117 
Other State! 2,956,945 990,163 37 431,234 33,173,073 3,358,377 
Total 5,140,782 4,410,246 41,022 46,832 211 521.294 84,828,230 
Percent of total 
silver = 13 SN (2) -- 100 


W Withheld to avoid disclosing individual company confidential data; included in “Other States." 
includes Illinois, Maine, Tennessee, Utah, Virginia, Washington, and States indicated by symbol W. 
Wess than 1/2 unit. 
Pata may not add to State totals because of items withheld to avoid disclosing individual company confidential data. 


*Includes byproduct silver recovered from tungsten ore in California and fluorspar in Illinois. 
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Table 5.—Mine production of recoverable silver in the United States, by State 


(Troy ounces) 
1972 1978 1974 1975 1976 

Alaska |. ὮὮὪ.. 288 828 547 W 3,265 
Arisona__________________- 6,652,800 7,199,251 6,855,528 6 7,615,112 
California _________________ 175,467 55,807 41,894 79,151 51,265 
ColoraduDṽoooo III III 8,668,882 8598209 2,788,978 8,366,000 4,088,171 
Idaho -LL IIZ Z III 14,250,725 13,619,824 12.485,701 18,868,133 11,561,421 
Michigan τὸς 100 850,213 64294 692,539 $10,887 
Missouri ___._____._--_____- 1,971,580 2.067.782 2,887 250 2,525,042 2277018 
Montana_________..._____- 8325052 4349869 8,512,161 2.616,626 3,218,629 
,...,...... ..----- 595,851 628,660 87 608,785 788.892 
New Me rico 1.016,880 1,111,269 1,194,800 792,050 891,992 
New Tork 25.070 δ4 345 64,463 56,047 49,199 
FFP 2.252 1,282 8,925 W oo 
South Dakota ________________ 99,992 71 62,474 67,669 58,117 
Utah ___ ee ver 3 019 088 2207 923 2.821189 8 114.021 

Other Stateůun n 269,262 197, 170,990 168,851 146, 
Total. $7,282,922 37,483,570 88,761,874 84,937,582 34,928,230 


W Withheld to avoid disclosing individual company confidential data; included in “Other States.” 


Table 6.—Silver produced in the United States from ore, old tailings, etc., in 1976, 
by State and method of recovery, in terms of recoverable metal/ 


Ore and old tailings to mills 
Total Crude ore, 
ore,old Recoverable ο... old tailings, 
tailings, in buliton recoverable metal etc., 
etc. to smelters! 
State ru νος 
7 san 
(thou short 
short tons! ? 
tons) - Cyani- Concen- Thou- 
mation dation trates sand Troy 
(troy (troy (short ounces short ounces 
ounces) ounces) tons) tons 
Alaska _________ 1 1 ΚΠΕ κ. 7 112 (5 1,845 
Arion a *195,242 *194,900 ` zem 125,000 3,277,586 17,809,435 842 180,677 
1 10 10 625 E 2,492 54,124 (5) 2,353 
Colorado 1.295 1.294 838 15,116 152,025 4,088, 1 28,563 
Idao 1,960 1,959 7 oe 170,756 11,553,978 1 7,441 
Michigan 3,801 3,801 = __ 143,236 810,837 e TUN 
Missouri 8,658 8,658 MR SMS 882,820 — 2,277,018 = 
Montana 16,884 16,788 851 αμ 888,068 2, 940, 859 96 897,418 
πα ανω αμα #613758 «4519712 85 156,569 201,133 615,855 41 11,833 
New Mexico 425,189 106 xu 1,417 188,429 811,185 83 18,830 
New Vork 1,239 1,239 n ENS 187,949 49,199 = -- 
South Dakota 1,658 1,658 πα 58,117 RNS B e ΜΉ 
essee 5, 159 5,159 2S n 815 17,890 2 -- 
CS IS DEVE UM 80,053 937 = = EE 728,182 2,661,161 116 466 
Other States 1,128 1,128 me 51,156 81,032 92,189 (5) 8,171 
Total 306,090 805,350 1,862 407,875 7, 120,925 — 32,864,542 680 1,052,380 


! Includes some nonsilver-bearing ore not separable. 
Excludes tonnages of fluorspar, tungsten, 
*Less than 1/2 unit. 


“Includes ore from which silver was recovered by heap leaching. 
5Includes ore from which silver was recovered by vat leaching. 


“Includes Illinois, Maine, Virginia, and Washington. 


and uranium ores from which silver was recovered as a byproduct. 
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Table 7.—Silver produced at amalgamation and cyanidation mills in the United States 
and percentage of silver recoverable from all sources 


Bullion and precipi- Silver recoverable from 
tates recoverable 1 sources 
Year (troy ounces) (percent) 
- Cyani- Amalga- ani- ç 

mation dation mation πας Smelting’ ^ Placers 
1. 2.490 99,992 0.01 0.27 99.72 (3) 
19771 loce eue s 8,536 260,846 .01 70 99.29 (2) 
é§öÜÄ˙6¹0q 2, 467 835,909 01 .99 99.00 (2) 
πιω κι . uS Ea ο 2,293 420,011 01 1.20 98.79 (2) 
IJ a 1,862 407,375 (3) 1.19 98.80 0.01 


1Crude ores and concentrates. 
2Less than 0.005%. 


Table 8.—Silver produced at refineries in 


the United States, by source 
(Thousand troy ounces) 
Source 1915: 1916 
Concentrates and ores: 
Domestic. _ --- 33,073 34,359 
Εοτοίδη............. -.-. - -. -. -.-. -. 004 19,994 
Τοιαιὶ 60,078 54,853 
Old scrap: 
Coins __ ccu 7,004 15,945 
Other 44, 104 84,280 
Total!____________ 51,107 50,225 
Total net production 111,185 104,578 
New Scraes ------ -- -- 50,520 53,084 
Grand total! 161,705 157,662 
"Revised. 


1Data may not add to total shown because of indepen- 
dent rounding. 


Table 9.—U.S. consumption of silver, 


by end use 
(Thousand troy ounces) 

Final use! 1975 1976 
Electroplated ware 8,717 9,534 
3 ware 23,717 19,815 

ολ ο ο σι τας 12,734 0,995 
Photographic materials 46,074 530 
d medical supplies 1,503 1,942 
Mirrors 3,150 4,622 
Brazing alloys and solders -........ 13,582 11,198 
Electrical and electronic products: 
Batteries 4.253 3,490 
Contacts and conductors ........ 21,211 32,329 
πι n ne e cc e 458 273 
REPE “σου. 8.785 12,267 
Coins, medallions, com- 
memorative objects ....... -- ------ 1,186 8,240 
Miscellaneous 281 924 
Total net industrial 
consumption 3157, 650 170, 559 
Coin age 2,140 1,915 
Total consumption 3160,390 171,874 


End use as reported by converters of refined ο. 
"Includes silver bearing copper, silver-bearing lead 
odes, ceramics, paints, etc 
Data do not add to total shown because of independent 
rounding. 


Table 10.—Value of silver exported from 
and imported into the United States 


(Thousand dollars) 

Year Exports Imports 
11. A E NEE E EEE 81,651 623,794 
1915 ο ο ο ος 8 147,561 394, 
1976 - 2 ο πμ 61,435 378,061 
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Table 11.—U.S. exports of silver in 1976, by country 
(Thousand troy ounces and thousand dollars) 


Ore and Waste and Refined 
Country concentrates sweepings bullion 
Quantity Value Quantity Value Quantity Value 
ntina cocs m NN RN M 75 816 
Belgium- Luxembourg 40 120 1,515 6,261 NUNC PES 
Brazil u. ¿L Ll; L te PK -- τ 350 1,560 
Canada _____________________ 30 127 145 329 662 8,193 
France ___ bo ee __ 41 175 10 4 ts SE 
Germany, Wett 14 61 169 695 4 15 
ο ο τς ο κο ο κο 5 i 11 
αραα ο τε 8 22 ενα 1,915 5,831 5,710 24,058 
Korea, Republic off == == a EN 

Mexico απο cen eri Sce a = 169 665 = ae 
Spain a an 8 X = 244 714 122 549 
Sweden A n 72 341 Z -- 

Switzerland __________________ 32 98 231 978 15 
JC Ü VVV Ένα. i 35 "Y 600 2,548 
!:! τα. τς σας, E z 1 8 ΕΗ 
United Kingdomgdm (1) 1 2,894 12,325 29 126 
Venezuela ___________________ a PEE € τὰ 1 39 
BP ce ³é AA Le LL. p S (1) 1 3 11 
Total c eee ie 157 582 6843 ° 28261 7,596 82,586 

1Less than 1/2 unit. 


Table 12.—U.S. general imports of silver in 1976, by country 
(Thousand troy ounces and thousand dollars) 


Ore and Waste and Doré and Refined 
Country concentrates sweepings precipitates bullion 
Quantity Value Quantity Value Quantity Value Quantity Value 
Argentina = st T" 32 185 8 18 
Australia 848 8,514 (1) 1 MR s UN m 
Bolivia 49 < 5 1 4 n ue 
MESE MR 9,053 38,738 2,161 11,768 187 28,559 121,553 
Chile ___ arco 147 ets ES 199 816 886 1,741 
Colombia 48 197 = = a ἘΝ ΕΕ E 
nmark _________ 82 331 EM ae -- == x E 
Ecuador ..............-. ε.α S x EE ae 96 403 
Franctde NUN = 60 257 μια TEN 24 98 
Guatemala 2 ne E ΕΞ EN Me ies 
Honduras 2,018 8,561 ἘΠ M Een E 211 616 
Hong Rongg MM M 196 zc — "m Lo 
India xe NOM 20 90 16 70 1,036 4,366 
Italy ------------ PE S 9 wet 1,241 
Japan ) be ENS mes ENE 713 3,056 2,158 9,003 
ο ° 
Republic off EM — -- z 16 18 130 
Mexico 797 8,071 250 1,014 6 17,871 75,657 
Netherlands es i 4 NM Xu d axe 
New Guinea .......... -... 14 2 Da ET a "P τε 
New Zealand edge HN a 2 4 z κε. uo € 
Nicaraguiuns 64 263 Eo "e 12 49 1 
Norwaꝓa yr 8 35 MT x a EN ἘΝ με 
Panama = E 1 4 SOM "e 
Peru-____  .. . 3,252 13,123 -- MT ei AC 8,077 85,104 
Philippines 810 1,825 NN Sa d RS CM "P 
South-West Africa, Ter- 
ritory f 134 579 πμ "Y NE Po E P 
Trinidad and Tobago ie d 2 6 
United Kingdom ος, MN 25 98 16 79 5,998 28,989 
Venezuela sss € 7 29 AEN PES 
Yugoslavia |... E -- em as — ΡΕ 2,948 10,634 
FFF "e ee 5 14 ο σος 1 
Totaal | 16,716 70,206 9,256 13,734 1,198 5,089 67,187 289,032 


'!Less than 1/2 unit. 
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Table 13.—Silver: World production! by country 


(Thousand troy ounces) 
Country? 1974 1975 19165 
North and Central America: 
Cebada. l ocu ποσα d LE 42,810 39,695 40,887 
%%% pu κο x 3 *3 90 
Dominican Republik *109 907 
ICI %½¾¼¹ͤ n men πμ... 176 166 
GuRAte mala u rt cem Duygu cua Dua d ce s BE 
LU: RET IU ð : v.:. ανα. 20 20 
Hh ⁵ↄ EE. eL. 8,802 2,964 
ORICO ου cs p μμ.» ο απ C LS 37,546 38,029 42,640 
νε ο ˙²ů U . eL Kdddꝙdãdꝙd mt A "μη 324 204 
Fl ³¹¹¹.¹¹¹Üwäſſ ͥ⁰ ⁰⁰(umxw y 33,762 34.938 34,328 
South America: 
r f AEA 13,101 2,283 1,750 
ποπ ων a ανν ⁵ĩ——88 45,385 45,470 5,091 
HP ο ον ͥ au M σος οσα ο ο κο ος 235 2250 
h ²ĩ ˙ ...... —À PR ER 6,673 6,263 7,281 
Colombia” lnc ce σα CIL ]xĩ?é![ ως Tm Ede T 88 106 
)))) rue A EE es es se LE 52 
„„ tt ο Saa ών a ass 734,881 37,527 35. 579 
Europe 
B deer oT ³¹dA ðL ⁰ʒ REPRE 800 1.000 
Czechoslovakia? ...... ~~~ „„ 71,300 71,200 1,800 
õõ nz ut a ⁰⁰⁰ LE uds LET 744 77 
J —————————————————— Ó 71,690 1,502 2,806 
Germany, East? ß . ο UL O 72,100 1,600 
Germany, West —— / ο ο ο ee ee ed c C 1,079 *1,060 
(MR ous ß SL Md M LA ο ον 480 477 
Greenland? c μπω ο. 380 375 
ieee, ß dd eee ee ee 67 70 
j ³˙.¹¹wu ³⁰˙¹¹¹GAu.u KK ͤ K 1,884 925 
! mos ð⁊o - kßds yd y CL 1.157 1.543 
Cr αν MT 75,800 7,400 8,000 
Portugal . d οπως 25 28 
Romana” nc diu A ---- 71,500 1,300 
e ⁵ ⁵ p μα 8,447 8,107 
)))) ↄ Ädͥ /// ͤ⁰ ⁰⁰⁰⁰⁰ m v 4.518 „4.700 
voor ee PT RP EE Nc E E qM E 5412 pit 
... ⅛. ð v y r. 8 ; : 
Africa: 
p d alee LE M LE s 1120 150 
Konya WR MMC I ao S 
r 2-5 ccc dd 26 32 
Moroo nom e aee mr E Lua 2,894 €2,300 
Rhodesia, Βοιίποτηῦ................------------------------------------------- 156 103 
South Africa, Republic of ...........-------------------------.---.-.---------- 3,084 2,821 
South-West Africa, Territory of? ______________._____-------.----- 1,904 1,823 1,400 
ο το anaua a d dim uA Ud aen E. ) (8) (5) 
Tuna — κακώς κος Ne μμ y 292 252 
το κος οι ο ο ος πα eee ae 8 2,291 2,472 
Zamba” 22-592 att 'n ꝛ km e oes 551.100 000 1,065 
Asia: 
FCP ̃ↄ μμ μα μια Ed Ld 775 211 
ae People's Republic off ................---------------------..---- 800 800 
ποσο M amc LA oes E E ois 8 83 102 
indonesia "ecc σε κ ου 8 71,138 1,033 1,086 
1777 d AAAͥ dad ee eae 8,733 9,299 
Korea, North: l ðß— ors wee ise eae 71,600 1,600 
Korea, Republic of ---------------------------------------—-— 71,307 1,494 1,888 
Philippines: 222.52,2 omæê er. ³ . ees 11,784 1,620 1.481 
1C7J)WWA—B.. A eddie dm 33 6 000 
z ß e c ale icc 121,539 23,449 25,097 
τη; ei E E am Ac iM ccu cu cM Lua dE 26 20 
New Zealand: ²r˙ Ü ũl / μάζες ανω δα 22 ue Su. eo 1 
Papua New dune 8 11,493 1,984 1,841 
Toll. uz e pdp 7292,184 297,882 304,899 
*Estimate.  PPreliminary.  'Revised. 


1Recoverable content οτε ores and concentrates produced unless otherwise noted. 


2In addition to the countries listed Ghana, Thailand, and Turkey produce silver, but information is inadequate to 


make reliable estimates of output levels. 
3Revised to none. 


Includes production by the State mining company (COMIBOL) plus the exports of medium and small (private sector) 


mines. 
“Smelter and/or refinery production. 
“Output by Inyati mine only. 


TData include estimate of silver production from Klein Aub Koper Maatskappy Ltd. copper mines. 


Leas than 1/2 unit. 
*Refined silver and silver contained in blister copper and refinery muds. 


Slag—Iron and Steel 


By James R. Evans! 


Combined sales and usage of iron and 
Steel slags in 1976, at 32.6 million tons, 
remained fairly constant compared to those 
of 1975. Total sales value, however, showed 
about a 1096 increase from that of 19775 to 


$79.7 million— the highest total sales value 


ever recorded. 


During 1976 Vulcan Materials Co. placed 
an air-cooled iron blast-furnace slag plant 
onstream in the Chicago area. 


DOMESTIC PRODUCTION 


Iron slags sold or used in 1976 totaled 26.0 
million tons, a slight increase from that of 
1975 and near the level of 1970 (fig. 1 and 2). 
The total sales value for 1976, however, 
reached $70.0 million—the highest ever re- 
corded. The quantity and sales value of iron 
slags by major process type are shown in 
table 1. 

Steel slags sold or used in 1976 totaled 
only 6.6 million tons, the lowest in 7 years. 
The total sales value, however, of $9.7 
million exceeded the 1975 value by $0.8 
million. 

Slags of all types were processed at 101 
major iron and steel furnace slag plants 


(table 3). There are an undetermined num- 
ber of smaller plants in the United States 
that are not shown in table 3. The geograph- 
ic distribution of slag plants by State is 
shown in figure 3. 

Iron blast-furnace slags were processed in 
14 States (table 2). Ohio and Pennsylvania 
accounted for 4696 of the total. Ohio and 
Pennsylvania plus Illinois, Indiana, and 
Michigan accounted for 6996 of the domestic 
total. 

About 70% of iron slag products in the 
United States were shipped to markets by 
truck. Rail shipments composed 2696, and 
waterway shipments, 496 (table 3). Data for 
shipments of steel slags were not available. 


CONSUMPTION AND USES 


Because there were no imports and neg- 
ligible exports of iron slag products in 1976, 
production or processing essentially equaled 
consumption in the United States. As in the 
past, nearly all of the slag consumed in the 
United States was in the construction in- 
dustry. 

Iron slag is a waste or byproduct of pig 
iron production, and the amount of iron 
slag available each year is controlled by the 
production of pig iron. It appears that 
nearly all of the iron slag products made 
from newly processed material are consum- 
ed in the marketplace each year. Steel 
slags are less available for marketing be- 
cause each year since 1972 an increasing 


amount of steel slag has been returned to 
the blast furnaces as part of the charge. 
This is done to recover metallic iron. Also, 
Steel slags cannot be used for all purposes 
for which iron slags are used. 

Air-cooled iron blast-furnace slag contin- 
ued to be the most important slag product 
in terms of both-tons processed and range of 
applications. Locally, they are competitive 
with natural aggregates such as crushed 
Stone and sand and gravel. This type of slag 
shows excellent bonding characteristics 
when mixed with portland cement to make 
concrete. It also shows high stability when 


! Physical scientist, Division of Nonmetallic Minerals. 


1239 


MINERALS YEARBOOK, 1976 


1240 


oy [euofreN :ooxnog 


“qua d 78 ουμά Suyres uo poseq eng 
0996: — L69'28 8216 = 8899 29669 6009 0199 267 1 69 9191 998 199 19689 2188338 
n 9928 «068 008. 29989 728.95 9969 208.1 ον 08/1 756 929 27989 919128 — art 
988.67 37788 FI. II 298,8 06189 088.62 199 — 9.91 2777 1580.8 961, 699 T9V99 19998 -------- γιοι 
1198, 1988  99L'01  68L'6 70829 228.84 9969 ΖΘΘΊ 1998 6661 ZIT — GST 18109 326998 -------- 8161 
Wn wa Ci GSE Qu πω ul i AA δὴ K oE BE Ti 
96ο 98998 σοι 689 60409 „ls Ο199 - 696 WSIS — 996 60%? 8808 9900? ZO -------- OL6T 
apa mume npa — Anuenb onpa Apuna onpa Amund onpa μασι) onpa παν npa Amund 
pousensun peaeang 
oes So ena 3515 uon [ΘΊΟΙ, Ρορανάση peye[nue1p) a 2991 
Bes eoruamy-seqq uon 


(sreTIop puresnoqy pus suo; 33008 pussnoq I) 
1243 «997819 PNFUN IYI uy pəsn 10 plos s3e[s [9915 pus uo1]—'T əlqui, 


SLAG—IRON ANDSTEEL τ 1241 


Tian m P’ 


Thousand short tons 


0 
1970 1971 1972 1973 1974 1975 1976 


90 


80 


Million dollars 
un 
° 


Steel slags 


1970 1971 1972 1973 1974 1975 197 6 


Figure 1.—Quantity and value of iron and steel slags sold or used in the United States. 
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Figure 2.—Location and number of major iron and steel furnace sl plants 
in the United States x 
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Table 2.—Iron blast-furnace slags sold or used in the United States, by State! 
(Thousand short tons and thousand dollars) 


Screened and air-cooled All types 
F Quantity Value Quantity Value 

Ohio vin 4,088 10,487 6,964 18,848 
Pennsylvania -------------------------- 4281 11,042 6,184 17,899 
Illinois, Indiana, Michigan _________________________ 6,046 4,464 5,540 18,688 
Other States* --------------------------------- 7,206 16,449 8,286 19,270 

το i re tS 21,616 52,442 25,824 68,655 

1976 

F - E w 
Illinois, Indiana, Michigan _________________________ 5,171 18,979 6,157 17,821 
Other States | 16,106 7,985 18,248 

Toal cosi ů m...... ⅛˙d.. ¼:Dm!ÄÜÄ a 22,812 58,957 26,009 69,952 

1Value based on selling price at plant. 

*Includes Alabama, California, Colorado, Kentucky, Maryland, New York, Texas, Utah, and West Virginia. 

Source: National Slag Association. 


used in asphaltic concretes and high skid 
resistance when used in bituminous road 
surfacing. Consumption was up slightly 
from that of 1975 to 22.9 million tons. The 
use pattern and tonnage by uses were about 
the same as those in 1975. 

Granulated iron-blast furnace slag con- 
sumption was down slightly from 1975 to 1.6 
million tors (table 6). The major use of 
granulated slag was in highway con- 
struction; consumption was up about 
250,000 tons from that of 1975 to 1.2 million 
tons. Because granulated slag shows natu- 
ral hydraulic properties, its main use is in 
highway construction as bases, subbases, 
and fill. When compacted damp, this type of 
slag will slowly set into a hard dense mass 
and assure little overall settlement to pave- 
ment or other overlays. Uses other than in 
highway construction were minor but do 
show, except for agricultural liming, that 


consumption in 1976 was down from that of 
1975. 

Nearly all of the expanded iron-blast 
furnace slag goes into aggregates for 
concrete-block manufacture (table 6). This 
slag is lightweight and shows high fire 
resistance and low shrinkage properties, 
which makes it very desirable for light- 
weight concrete blocks. Consumption for 
this use was up about 300,000 tons from that 
of 1975 to 1.4 million tons. 

Steel slags are used mainly for unconfin- 
ed bases, fill, and highway shoulders (table 
7). Because steel slags can exhibit uncon- 
trolled expansion, a result of hydration of 
free lime, and marked variations in chemi- 
cal composition and physical properties, 
uses for steel slags are limited. Aging for a 
period of at least 6 months has proved 
useful in controlling expansion. In 1976 
total consumption was down about 700,000 
tons from that of 1975 to 6.6 million tons. 
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Table 4.—Shipments of iron slag in the United States, by method of transportation 


` 1915 1976 
Method of transportation Thousand  Percentof Thousand Percent of 
short tons total ahort tons total 

l; ομως μοι 6,129 24 6,648 26 

jio. eee ts ele 18,142 72 18.240 70 

Waterway _ ‚ ³ðW⅛·0³³ ͥ⁰ ⁰k:— ! 8 1,068 4 1,121 4 

z TCI RE 25,924 100 26,009 100 
Source: National Slag Association. 


Table 5.—Air-cooled iron blast-furnace slag sold or used in the United States, by use! 
(Thousand short tons and thousand dollars) 


1975 1976 
Use Screened Unscreened Screened Unscreened 
Quantity Value Quantity Value Quantity Value Quantity Value 


ο ue ee PE PON ER 1,620 4,572 E 8 1928 ` 5,788 ΛΕ ΚΠΕ 
Bituminous 
(all types) -------...-------.-.----- $396 891 -- — 400 11888 2. =e 
Highway and airport 
EN SEREIS 10,504 25,516 589 847 10,188 27,358 546 809 
Manufacture oí concrete 
block Lu AAA 843 1,007 ΕΠΕ = 298 1 ee ee 
Railroad ballast .. .............. -....-. -. _ 4029 7,490 8 18 8,790 7,715 ue ee 
potas Αρα ουσ ee 589 1,848 = = 758 2,286 zc MS 
CON molli κ 282 1,072 κα "E 745 EN v 
Santina. © « — = Ὢ ον = = 
tees slag, liming ------- 3 195 3: N αι 2564 ü ñ 
οι μασ 2 z S: 21616 52442 626 944 22,812 68,957 587 856 
1Value based on selling price at plant. 
3Other than in portland cement concrete and bituminous construction. 
Source: National Slag Association. 


Table 6.—Granulated and expanded iron blast-furnace slags sold or used in the United 
States, by use! 
(Thousand short tons and thousand dollars) 


1975 1916 


etc.)) 950 2,082 E NS 1,199 = Zá 
ee 558 52 129 = oie §9 168 ER ἘΝ 
(all | ας ο P RN IN 228 1,201 -- M 87 884 "s = 
Ligh ee. 5 due NM 162 841 uu Y 47 
manufacture 429 1.092 4.976 454 1,898 
Other uss 811 544 117 148 241 85 181 
W ead E 1,780 4,885 1,902 5,994 1,018 8,529 1,492 6,0010 ` 
1Value based on selling price at plant. | 


Source: National Slag Association. 
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Table 7.—Steel slag sold or used in the United States, by use! 5 
(Thousand short tons and thousand dollars) 


1975 1976 
Quantity Value Quantity Value 

5 2701 9.249 2516 T 
Fun kaa 1,514 1 713 
== „ „ d E 
5 280 313 958 510 
3 241 294 269 876 
ES 7,902 8,965 6,588 9,728 


!Excludes tonnage returned to furnace for charge material. 


*Value based on selling price at plant. 
Source: National Slag Association. 


PRICES 


Average selling prices of slags at the 
plant for all major uses were higher in 1976. 
The average prices given in table 8 were 
derived from the total values and quantities 
shown in tables 5, 6, and 7. Data given in 
the range column of table 8 reflect the 
highest and lowest known selling prices of 
material that went into the use categories. 


Extreme higher prices in the use categories 
indicate that some users required demand- 
ing specifications, which necessitated more 
than normal processing. In some geographic 
areas overall construction as well as other 
costs are higher, resulting in higher prices 
for processed materials. 


FOREIGN TRADE 


There were no known imports of slags i in 
1976. Approximately 46,000 tons of iron 
blast-furnace slag were exported to Canada 


from the Buffalo, N.Y., and Detroit, Mich., 
areas. 


WORLD REVIEW 


The steel industry in J apan generated 
about 40 million tons of slag in 1976, which 
created environmental and disposal 
problems.* Nihon Cement Ce. and the seco- 
nd ranked steel producer in Japan, Nippon 


Kokan, began a study on the possibility of 
using slag in cement and/or concrete aggre- 
gates. The study should be completed in 
1971. 


TECHNOLOGY 


Fourteen technical papers on slag were 
presented in the October 1976 at the Inter- 
national Slag Conference at Mons, France. 
Α wide variety of subject matter was trea- 
ted, including blast furnace slags in vitroce- 
ramics, steel slag application in highway 
construction, relation between strength of 
slag cement and properties of slag, and 
studies of ferroalloy slags. 

Laboratory studies on the use of fine- 
grained, self-cementing pelletized blast fur- 
nace slag in stabilized base construction 
were conducted at McMaster University, 
Hamilton, Ontario, Canada.* The finer por- 


tions of the minus 200-mesh portion of the 


pellets was developed. It was reported that 
ground pelletized blast furnace slag can 
offer, in many cases, a viable alternative to 
the use of asphaltic or portland cements, 
with an attendant saving in energy. 


V Νο. 6, 1916, p. 
*Emery, J. J., C. S. Kim, and R. P. 
Perg nl. hy τας oy 
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Sodium and Sodium 
Compounds 


By Russell J. Foster! 


The general economic upturn in 1976 
prompted increased production in the 
chemical, glass, and pulp and paper indus- 
tries, resulting in greater consumption of 
sodium compeunds compared with the 
amounts used in 1975. The quantity and 
value of sodium compounds and metallic 


Natural soda ash production increased 21%, 
but output of synthetic material decreased 
16%. One Solvay soda ash plant closed in 
1976, but α new natural facility. came on- 
Stream, and two other producers of natural 
ash were in the process of adding capacity. 
Production of both natural and synthetic 


sodium produced in 1976 follow: sodium sulfate remained virtually unchang- 
ed. One producer of natural sodium sulfate 
Production Value had an expansion under construction. Ex- 
(thousand (thousand ports of soda ash reached 9% of production. 
short tons) — dollar ^ Net sodium sulfate imports totaled 17% of 
t ti 
Sodium anlegt ο SOC ΚΟ 
Metallic Sodium 146 71,74 
DOMESTIC PRODUCTION 


The total amount of soda ash produced in 
1976 was 7,560,000 tons, a 696 increase over 
that of 1975. Production of natural soda ash 
derived from trona or brine increased 21%, 
but synthetic ash declined 1696. The natu- 


ral material claimed. 69% of total pro- 


e 4775 >æ. 


trend away from Solvay, toward natural 
ash. 


1Physical scientist, Division of Nonmetallic Minerals. 


Table 1.—Manufactured and natural sodium carbonates produced in the United States 


: Natural sodium Total 
Year 8 carbonates? quantity 
Quantity Quantity Value 

1972 2222 = 4,905 828 71,689 7,528 
1978 — c mm i d 8,818 8,722 1,585 
1914 2 — ος a cct. ος 8,507 4, 7,565 
1 | (| ο ο κο 2,802 4,828 259255 7,180 
1918 i mani e 8 sect 5,216 7,560 

1Current Industrial Chemicals, U.S. Bureau of the Census. | m 


Inorganic 
*Includes quantities used to manufacture caustic soda, 
trong (sesquicarbonate). 


sodium bicarbonate, and finished light and dense qoda ash. 
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Table 2.—Source of U.S. soda ash by process, 1967-76 
(Thousand short tona) 
Solvay Natural 
Year Percent 

J))! E A E 4849 18.7 1,726 26.8 
τος a ane De a a ee ee ne AEN : 4,596 69.2 2,043 80.8 
1909 L ⁰⁰ οπών ον 4,540 64.5 2,495 85.5 
IN τος τς AAA s 4,898 62.1 2,678 87.9 
JJ; ο ee 4298 60.0 2,865 40.0 
]972 ο vy a 4,805 51.2 8,218 42.8 
1918 o 8,813 50.6 8,722 49.4 
τικ πιω μμ 8,507 46.4 4,069 58.6 
ομως παω πω εώς 2,802 89.3 4,928 60.7 
1G oe a x ur ee 2,944 81.0 5,216 69.0 


Diamond Shamrock closed its 800,000-ton- 
per- year synthetic soda ash plant at Paines- 
ville, Ohio, at yearend 1976. Only three 
synthetic plants with a total capacity of 
about 2 million tons remain in the United 
States—Allied Chemical Corp. at Όντα- 
cuse, N.Y., BASF-Wyandotte at Wyan- 
dotte, Mich., and PPG Industries at Corpus 
Christi, Tex.* 

Texasgulf, Inc., became the fifth producer 
of natural soda ash in the United States 
when its 1-million-ton-per-year operation 
came onstream at Granger, Wyo., in Octo- 
ber 1976. The capacity of the $150 million, 
coal-fired facility reportedly can be doubled 
with a minimum of inconvenience.’ 

The completion of a 750,000-ton-per-year 
expansion project at yearend 1975 brought 
the capacity of FMC Corp.'s natural soda 
ash plant in Wyoming up to 2.5 million tons 
per year.* Stauffer Chemical Co. was en- 
larging the capacity of its Wyoming plant 
by 200,000 tons per year. Completion was 
scheduled for early 1977.5 Construction con- 
tinued on the expansion of Kerr-McGee 
Chemical Corp.'s soda ash plant at Trona, 
Calif. The project will raise the capacity to 
1.3 million tons per year by February, 1978. 


The boilers of the new facility were design- 
ed to burn solid, gaseous, or liquid fuels.* 
Total production of sodium sulfate in 1976 
was 1,232,000 tons. Production of both natu- 
ral and byproduct material was essentially 
unchanged from that of the previous year. 
Nearly 5496 of the total sodium sulfate was 
the natural compound, produced by three 
companies operating five plants in Califor- 
nia, Texas, and Utah. Kerr-McGee Chemi- 
cal Corp. was increasing natural sodium 
sulfate capacity by 150,000 tons per year at 
Trona, Calif., with startup slated for Feb- 


ruary, 1978.7 


Chemical and Engineering News. Another Big Synthet- 
VFC 
p. 

Chemical Week. Bowing Out of Soda Ash. V. 118, No. 24, 
June 16, 1976, p. 21. 

Chemical Marketing Reporter. Texasgulf Starts Output 
ο ss m CORDE V. 210, No. 15, Oct. 11, 1976, pp. 

t . FMC Soda Ash Facility Completed at Green 
River. V. 209, No. 18, Mar. 29, 1976, pp. 3, 21. 

5Chemical Week. In Alkali Five Bet on the 
Underdog. V. 119, No. 18, Nov. 8, 1976, pp. 14-15. 


Marketing š McGee Tops Out 
Soda Ash Skyscraper. V. 210, No. 6, Aug. 9, 1976, pp. 7, 25. 
"Chemical Week. Kerr-McGee Going Ahead With Major 
Expansion. V. 117, No. 10, Sept. 3, 1976, p. 9. 


Table 3.—Sodium sulfate produced in the United States! 
(Thousand short tons and thousand dollars) 


Manufactured and natural? Natural only 
Year Lower High 
purity? Quantity Value 
(9996 or less) purity quantity 
1972; ee L νι ων μον 526 801 1,827 701 11,896 
1900 osan ei a e aa i eee eet 580 F908 1,488 672 1,597 
||, ESENTIUM 565 788 1,848 684 16,411 
IUE. ο κο ο κο e Lue DE 481 796 1,221 667 667 
ο οι εκ ο mu LL 466 766 1,282 668 


"Revised. 

! All quantities converted to 100% NasSO basis. 
*Current 

*Includes Glauber’s salt. 


Chemicals, U.S. Bureau of the Census. 


SODIUM AND SODIUM COMPOUNDS 


Metallic sodium production increased 
about 196 to 145,863 tons. Table 4 shows the 
production and price trends of metallic 
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sodium over the past 10 years. 
A list of U.S. producers of natural sodium 
compounds and metallic sodium follows: 


Product and company Plant location Source of sodium 
Soda ash: 
Kerr-McGee Chemical Corn Trona, Cali Dry lake brine. 
Jö ee EE Sas Westend, Calif. |... Do. 
Allied Chemical Cors Green πο „5 5 
Stauffer emkalCo --------------- ——— Do. 
- Al Mp —— P Granger, Wyo -..---------------- 
Kerr-McGee Chemical Corn Trona, Cali Dry lake brine. 
BU ee deu 22 Westend, Cali Do. 
Osark-MahoningCo _ Brownfield, enn Subterranean brine. 
Bo 222 τω ee ae ον. ves, enn Do. 
Great Salt Lake Minerals & Utah __ ec Salt lake brine. 
um: 
E. L du Pont de Nemours & co Niagara Falls, N. )) Salt. 
Dö ο 2 Z 8 Memphis, Tennnnn‚n Do. 
Ethyl Corp ......--------------- Baton Ia c aoc Do. 
DU ο ο . 2 a S Houston, reKXxk‚ — Do. 
BL Ine? n . aene Ashtabula, Ohio Do. 


Table 4.—Production and price of metallic 
sodium in the United States, 1967-76 


Production Price 
Year ΝΤ 
tons) sound)? 
1907.2 eee 164,528 15.96 
1908.2. ³ẽ˙ũ≅⁵—ð(§d ais 156,891 15.47 
19000. . —— mum 8 164,685 15.84 
11 171,251 15.94 
CC eee 158,075 16.26 
Wie cl cmm 160,504 16.98 
1973 uo AA 176 17.43 
1014 8 178,174 17.89 
19710. ³·¹1 nce uw T144,133 20.70 
191 AA 145,863 24.60 
"Estimate. Revised. 
CONSUMPTION AND USES 


Estimated industrial demand for soda ash 
and sodium sulfate is tabulated below:* 


Percent of demand 

Industry Soda Sodium 
Pulp and paper 7 70 
Glass ο οποια πας 5 a 
Chena — ——— 25 Nd 
Water treatment 8 = 
Other and en ports 12 10 


Apparent consumption of sodium carbon- 
ate and sodium sulfate rose in 1976, re- 


flecting recovery from the 1975 economic 
slump. Total production of chemicals and 
related products increased. Greater demand 
for chlorine made coproduct caustic soda 
increasingly available to compete with soda 
ash in certain processes. 
E - glass industry exhibited growth in all 
areas— containers, fibers, and es- 
pecially flat glass. Production of pulp, pa- 
per, and board products rose 996 to 1496. 
Increased demand for gasoline antiknock 
additives contributed to a 196 increase in 
metallic sodium production. 


NL CC wai Sodium Sulfate. V. 207, 
V. 208 No. 8, Aug. 25, 1916, p. 9. 


No. ο ο. 
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The prices of natural soda ash and natu- 
ral sodium sulfate, f.o.b. mine or plant, as 


reported by producers were as follows: 


Value, dollars | 
per ahort ton Change, 
| 1975 1918 τ ia 
Bulk soda ash ............-----------.--------------------------------------------- 42.20 49.10 4-18 
Bulk sodium sulfate _.._______________ 2... . 41.48 49.25 +19 
Yearend prices of metallic sodium ical Marketing Reporter follow: 
and sodium compounds quoted by Chem- 
1976! 1976! 
Sodium ash): . 
Light, carlots, work per ton $57.00 -71.00 $57.00 -71.00 
Light, 99G» ο ας κακιά SSS D da- 57.00 84.00 57.00 -64.00 
Dense, carlots, work do... 51.00 -71.00 51.00 -71.00 
Dense, car PTC da 47.00 -49.00 41.00 -49.00 
Sodium sulfate (100% NasSO,): 
Technical F η do 60.00 65.00 70.00 -72.00 
Technical detergent, rayon grade, works ________ do_ _ _ _ 55.00 55.00 
National mde pd (Ν.Ε. XID, drums per a d. — u^ p^ 
FFC per pound Í 
ο ο τε 205. 276 205 29 
Wr — EN ° 
Bulk, tank, νοτώα..............-------.---------------------------- da 22 .225 
1Chemical Current Prices of Chemicals and Related Materials. V. N. Dec. 29, 1976; V. 
210 No. 20, Dec. 27, 1918 Reporter. 208, No. 26, 
East of Mississippi River. 


FOREIGN TRADE 


In 1976 U.S. exports of soda ash reached 
645,000 tons, or 9% of total production, and 
imports were negligible. More than 36% of 
the exported soda ash went to other coun- 
tries in North America, 30% to South 
America, 23% to Asia and Oceania, and 
11% to Africa. 

Imports of sodium sulfate amounted to 
816,000 tons. Half of the imported mate- 


rial came from Canada, and 4496 was ship- 
ped from Belgium. Sodium sulfate exports 
totaled 57,000 tons, or 5% of production. 
The principal destinations for exported so- 
dium sulfate were Oceania, 5796, and Cana- 
da, 39%. The total value of exported sodium 
compounds exceeded the value of imports 
by over $37 million. 


Table 5.—U.S. exports of sodium carbonate 
and sodium sulfate 


(Thousand short tons and thousand dollars) 


Sodium Sodium 
Year 
Quan- Quan- 
1974 564 84.156 51 
19755 T529 F 6,144 
1978 645 49,781 57 8,686 


SODIUM AND SODIUM COMPOUNDS 1255 


A 
Table 6.—U.S. imports for consumption of sodium sulfate 


(Thousand short tons and thousand dollars) 
Crude (salt cake)! Anhydrous Total? 


Quantity Value Quantity Value Quantity Value 
7 a oe 277 7,162 98 8,220 875 10,882 
19152 eee ee NOR S 208 82 4,319 285 624 
r i a ses Sh ae 214 10,860 102 5,751 816 16,111 


. Includes Glauber’s salt as follows: 1974, 1,270 short tons ($29,166); 1975 and 1976, none. 


Table 7.—U.S. imports for consumption of 
sodium carbonate and bicarbonate in 1976 


(Thousand short tons and thousand dollars) 


Quantity Value 
ο ες 2 ὦ 
Total L u ene 2 155 
Lees than 1/2 unit. 
WORLD REVIEW 


World production of soda ash and sodium 
sulfate, by country, is listed in tables 8 and 
9. Only 2296 of the world's soda ash was 
derived from natural sources in 1976, and 
the United States produced 98% of that 
quantity. The five top-ranking nations in 
the production of soda ash were the United 
States, the U.S.S.R, West Germany, 
France, and Japan. 

Natural sodium sulfate provided 50% of 
the world's supply, and the United States 
and Canada combined produced 56% of the 
natural material. The top five sodium sul- 
fate producing countries in the world were 
the United States, the U.S.S.R., Canada, 
Japan, and Spain. 

Bulgaria.—Plans were μας for in- 
creasing the capacity of the mineral fertiliz- 
er and soda ash plant at Devnya.* 

Colombia.—The state-owned Cia. Colom- 
biana de Alcalis revealed plans for a $12 
million expansion of its 308,000-ton-per-year 
soda ash production facilities.“ 


India.—By 1979-80 India expects to in- 
crease production of soda ash to nearly 1.2 
million tons per year. This will be accom- 
plished by commissioning three new units 
at Tarapore, Haldia and Tuticorin, and the 
expansion of two existing plants at Mitha- 
pur and Porbandar." 

United Kingdom.—Imperial Chemical In- 
dustries, Ltd., allotted a total of $30 million 
over the next 2 years to modernize its 
synthetic soda ash complex in Cheshire. An 
extra 8,000 tons of capacity is scheduled, 
which would bring ICI Mond Div.’s soda ash 
capacity in the United Kingdom to about 
1,925,000 tons per year. 


*Industrial Minerals. Company News & Mineral Notes. 
No. „110, November, 1976, p. 44. 
0... Company News & Mineral Notes. No. 101, 
is 1976, p. 174 
‘Work cited in footnote 9. 


Chemical Marketing Reporter. ICI Spends $20 Million 
on Soda Ash Facilities. V. 210, No. 20, Nov. 15, 1976, pp. 8, 
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Table 8.—Sodium carbonate: World production by country á 


(Thousand short tons) 
Country! 1974 1976 1976” 
Natural: 
Kenya ... -.------------------------- O L LL LLL 1112 101 1 
United ScatennnnmnnnnnůzuüEuem n 4,059 4,928 6,216 
Tol: sul τος dy y D απο EE E r4.281 4,485 5,949 
Manufactured®: 

Ee ae ee AA E 28 28 23 
Belgii. uu ⁵ ↄ¼ ⁵ !!! g 444 886 *490 
Bul. l SS C: REE V e DU UI EE 140 140 150 

CC%%%%é/Ä/r h . 8 707 1,090 
"e D ο τε ολο . MN SRM 11 9 10 
ColombaaaI—nnꝛktkõõr O 44444 145 45 55 
Caechoslovakia ..................................-.-....-.....--..........-.-.--..... 1184 188 9198 

Denmark? kk 1 1 
Fn ο s ERU i Ms 71/724 1,409 1451 
eran) D ————————————— 8 jose : 10 
τυ ᾿ϱ) 21 9] 
τῳ, ο ο ESOS ο ο OMNIUM MANU EN AG ος P 562 621 
τ, το . ο ORC ANNUM RU 794 780 760 
Japan _ JJ ea eS saan aayqa MEE 1 $t 1 1171 
Mei 22 2 G ο Οὗ ο στο ος 444 *450 
Netherlands ͤa34uaõ4õ4õ4õ ́ ꝙ 2:2 826 299 
Jö§Ü;O—uũ1ß d y u SS eee oe 28 21 *28 
Pakistan __ 1 5 ... ο da rere 89 8T 70 
[007 -ono he Se een yy y 10 127 T 

Romania coc e e C C a A 890 764 
pši ls OD ee ecc cc lut onde ce ͤ a 591 521 *585 
ss s o eu m d 5172 «65,985 
rr αν o πα " 
J7GGCͤ! ³·Ü³A EAE a LUE SACHE 790.495 19,858 19,970 


*Estimate. Preliminary. ‘Revised. 
n l. p ο sd c mai proc 
but avai general information is inadequate for i reliable 


carbonate, production is and available the formulation of 
estimates of output levels. 

Production for sale only; excludes output consumed by producers. 

Less than 1/2 unit. 
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Table 9.—Sodium sulfate: World production by country 


(Thousand short tons) 
Country! 1974 1975 1910? 
Netural: 
e, . d Zm ELE 142 48 *44 
CAMBR. o ⁰ ¹dſͥd ]ĩ⅛ 88 708 521 540 
ιν... Dn a tas xy 88 10 18 14 
ιν πανω μισο MPH PCM ο υμών 28 28 
Meri ο ο ώς οταν να eu E ο ee ee ed 168 881 251 
Bp μπι p p ñ p eee E a £u 18 "HM 
r ο E E E ο ο --- 810 330 850 
United States __ os te mt Ee 684 661 663 
Total JJ m s u ame su ώς 12,148 2,174 2,141 
Manufactured: 
i oe te es e ]ĩ⁹ĩð ð x eee 184 25 81 
— —— 2 B ἃ 
Germany, West __________________________-______.---_- 909 288 
τ ο... i " H 
CJ! ums AL ιώδες ώς ĩð2Wé ee 11 1 1 
MAY fed d 0 ...... 8 115 110 117 
ουσ μα πιω ώστε 418 345 
Portugal )))) ³ PNE 8 r56 57 54 
Bein” ο πια ο ο μμ y 1182 154 2165 
USERS S a cati vu ig LU a M i 220 240 
United States? .— o ool no Lu ώς 88 664 560 569 
TOM P uice EL E 72412 2,197 2,180 
tin addition the countries listed, the Republic of China, Poland, Romania, and the United Kingdom 
to 8 are 
assumed to have ο sed pe raka sulfate, and ether unlisted countries may have produced this 
ce pev rts x VV inadequste for the formulation 


vendeur L argonia LS ia Susu ΚΙ E which is reported separately under 
estimates based on 1968 information on natural sodium sulfate and general econosnic conditions. 


SConjectural 
„ 


sodann πο ο ο ο ο ο ο ο ο ολ 
ο ο ο GN ο ο 1O fhe quantos πε 


(reported in this table under natural), but 


. presented aro tho diference between between reported total sodium sulfate production (natural and 


tiated) and 


natural sodium sulfate production (reported under natural in this table). 


TECHNOLOGY 


The need for conservation of energy re- 


more energy than present models, and that 
can compete with gasoline power on a cost 
basis. Among the  high-storage-density 
batteries currently under development is 
the molten sodium-sulfur system, which 
consists of a reservoir of molten sodium 
metal separated from a supply of molten 
sulfur by a solid electrolyte that conducts 
sodium ions. The system has a very high 
energy density and operates at 300° to 
850*C. What makes the sodium-sulfur bat- 
teries attractive for electric vehicles is 
their low potential cost and lower oper- 
ating temperatures than competitive 
lithium versions.“ 

The Superior Oil Co. reportedly has per- 
fected a multimineral process to extract 
- soda ash, nahcolite (sodium bicarbonate), 


alumina, and oil from deposits containing 
oil shale, nahcolite, and dawsonite in Colo- 
rado's Piceance Basin. The modular plant 
separates nahcolite from the shale by 
friability difference, and recovers oil by use 
of a circular-grate retort. Dawsonite and 
any remaining nahcolite are dissolved in 
alkali to yield a solution of sodium alumi- 
nate and sodium carbonate. Aluminum hy- 
droxide is crystallized, filtered, and calcined 


and centrifugation. Spent shale is returned 
to the mine. 


Chemical Week. New Batteries Are in the Running. V. 
119, No. 22, Dec. 1, 1976, pp. 81-87. 
and Journal. This Month in 
Mining. News Άν 177, No. 7, July 1976, p. 125. 


for 


Chemical and Engineering News. Prognosis Good 
Mew Pais OU Pisos: V. No. 2, Jan. 10, 1977, pp. 21- 
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Stone 


By Avery H. Reed! 


The stone industry leveled off and opera- 
ted at about the samé rate as in 1975. 
Output of dimension stone was 1.40 million 
tons valued at $104.4 million, 27% below 
1974 production. Output of crushed stone 
was 900 million tons valued at $2.12 billion, 
15% below the 1973 record production. 

Stone was produced in every State except 
Delaware and North Dakota. There were 
2,188 companies, operating 5,665 quarries. 
Average output pér company was 412,000 
tons. Average output per quarry was 
159,000 tons. More than half the stone was 
produced at quarries producing niore than 
500,000 tons each. Most of the stone was 
hauled by truck. 

Leading stone producers were Vulcan 
Materials Co., 86 quarriés, Martin Marietta 
Corp., 112 quarries; United States Steel 
Corp., 14 quarries; Medusa Corp., 50 quar- 
ries; Koppers Co., 45 quarries; Lone Star 
Industries, Inc., 24 quarries; U.S. Forest 
Service, 534 quarries; General Dynamics 
Corp. 5 1 quarries; Ashland Oil Corp., 34 
quarries; and the Flintkot Co., 20 quarries. 
With 926 quarries, these 10 operators 
accounted for 2496 of the total production of 
stone. 


Classification.—The Bureau of Mines 
classifies stone into two categories (crushed 
and dimension) and into nine kinds (gra- 
nite, limestone, marble, marl, sandstone, 
shell, slate, traprock, and miscellaneous). 

The category classifications are not exact; 
somé crushed stone may be in large pieces, 
such as riprap, and some dimensión stone 
may be in small pieces, such as art objects 
or carvings. The dimension stone industry is 
concerned with cutting or shaping stone to 
a certain size, and waste or scrap from 
processing dimefision stone may be a part of 
the crushed stone industry: 

Classification by kind is also difficult. 
Granite may include metamorphic gneisses 
or syenites. Limestone may be pure calcium 
carbonate, but may be bituminous, dolomit- 
ic, or siliceous. Marblé may include any 
calcareous rock that will polish. Marl may 
range from low to high in shale or clay 
content. Sandstone may be calcaredus, 
quartz or quartzite, silt, or conglomerate. 
Miscellaneous stone includes aa, lava, 
schist, and any other stone not included in 
the aforementioned categories. 


1Supervisory physical scientist, Division ef Nonmetallic 
Minerals. 


Table 1.—Salient stone statistics in the United States 
(Thousahd short tons and thousand dollars) 


1972 1973 1974 1975 1976 
Sold or used by producers: f I | 
Dimension store 1,490 1,582 915 1,403 1,400 
Valie uso et a D $90,763 $85,999 $100 818 $98,586 $104 400 
Crushed stoer _ _ 918,983 1,058,541 1 041,600 ™899,990 900,260 
Value oicc ⁵́' pM IEEE: $1,581,530 $1,904,464 $2,085,800 "$2, 021,700 $2,116, 600 
Total stone ______________------- 920,423 11,060,124 1,048,515 1901 390 901,660 
Valie ose es $1,672,293 $1,990,463 $2, 186,118 7$2,190, 800 $2,221 000 
Exports (value)))h)ʒl :::: $11,107 13,063 $18,159 $22,125 23,965 
Imports for consumption (value) -------------- $43,436 678 51,631 $46,137 6,211 


"Revised. 
Data may not add to totals shown because of independent rounding. 
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Figure 1.—Value of dimension stone we raa by producers in the United States, by 
ind. 


The Bureau of Mines generally accepts 
the classification reported by producers. 

Deposits of unconsolidated materials, in- 
cluding beach sands, are generally classified 
as sand and gravel, regardless of chemical 
content. However, many deposits of stone 
are relatively soft and may be mined with- 
out blasting. Natural sand deposits are 
classified as sand and gravel, but manu- 
factured sand (stone sand) is classified as 
stone. 


The Bureau of Mines canvass of dimen- 
sion stone does not include processors of 
purchased rough stone. All producers are 
covered; if the producer sells rough stone to 
a processor, it is tabulated as rough stone; if 
the producer processes finished stone, only 
the finished stone is tabulated, and the 
rough stone is deducted. 

Capacity figures and stocks are not avail- 
able. Inventories on hand at quarries and 
plants are estimated at about 1 month's 
supply, or 100 million tons. 


STONE 
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DOMESTIC PRODUCTION 


Dimension Stone.— Dimension stone was 
produced at 450 quarries in 44 States. Lead- 
ing States were Indiana, Georgia, Vermont, 
Ohio, and Massachusetts, which accounted 
for 56% of the total output of dimension 
Stone. Of the total production, 41% was 
granite, 30% was limestone, 19% was sand- 
Stone, 4% was slate, 4% was marble, and 
290 was miscellaneous stone. Leading com- 
panies were Coggins Granite Industries, 
.Inc., and Rock of Ages Corp. There were 303 
companies, and average output per com- 
pany was 4,600 tons valued at $345,000. 
Total output of dimension stone was about 
the same as in 1975, 1.40 million tons valued 
at $104.4 million. 
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Crushed Stone.—Crushed stone was pro- 
duced at 5,214 quarries, in every State 
except Delaware and North Dakota. Lead- 
ing States were Pennsylvania, Illinois, Tex- 
as, Missouri, and Ohio, which accounted for 
30% of the total output of crushed stone. Of 
the total production, 74% was limestone, 
1190 was granite, 860 was traprock, 396 was 
sandstone, 2% was miscellaneous stone, and 
2% was shell. There were 1,936 companies, 
and average output per company was 
465,000 tons valued at $1.09 million. Total 
output of crushed stone was about the same 
as in 1975, 900 million tons valued at $2.12 
billion. Leading companies were Vulcan 
Materials Co. and Martin Marietta Corp. 
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Figure 2.—Crushed stone sold or used by producers in the United States, by kind. 
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Table 2,—Dimension stone sold or used by producers in the United States, by State 


1975 1976 
State Short Cubic Value Short Cubic — Value 
(thou- "m (thou- 
tons feet sands) tons feet sands) 
Alabama ____________________ 27,395 351,680 $2,758 17,267 221,420 $2,234 
„ nnl ee 4,184 64,641 148 . 5,428 68,165 ` 95 
JC MP HERR ERES 4,1 59 159 W 
California ___________________ 10,759 180,120 490 12,626 150,680 804 
Glosse Í 68,1 167 5,904 75,178 198 
Connecticut 9,175 107,770 224 9,148 108,800 215 
πι Z L eene LL 249,700 — 2,546, 12,845 224,680 2,872,400 18,411 
νι... n ; 8 10,154 107, W W 
daho ο ο ο RSEN 2, 29,18 190 W W w 
Ir 8 3,479 79 4,108 48,329 108 
ndiana _____________________ 4,04 8,444,500 11,004 240 3, 594, 100 12,787 
IOWER ο 6 mtk tees Suyu, 8,015 158, W W w 
3% - 16,910 676 W W w 
J τος στ. W 264 8,100 13 
Maryland ............------- 23,853 612 25,560 823,670 
Massachusetts 64,980 781,580 ; 81,865 984,190 5,852 
Michigan ........----------------------------- 7,857 ; 7,559 93,089 
Minnesota ~- ------------- 42,165 510,040 10, 058 86,997 441,060 9,819 
Missouri 4.221 51,540 ; 4,084 49,994 1 
Montana W 4,374 52,812 152 
New Hampshire .... -.. -....... -.- -... 65,029 744,610 4,951 62,600 710,280 
New Mexico od 9,592 ᾽ 13,699 115,090 105 
New Vork 34,524 371, 630 2,178 21,492 291,160 2211 
North Carolina _______________- 46,937 : 37,606 432,310 ; 
// A eee Sc 86,161 1. 178,600 3,030 87,286 1, 181, 900 2. 
Oklahoma ___ _ ............. 20,508 238,330 1,007 9,635 111,010 709 
%% . ce educ eue LU 1,546 18,187 101 1,876 16,187 
Pennsylvania 71,231 564,480 4,849 65,112 780,445 4,689 
South Carolina .. _ _ _ --- 9,364 113,550 495 16,858 204,34 
South Dakota ___________-____- 41,705 442,480 10,268 36,569 409,200 10,653 
Tennesse 15, 187,060 1,998 19,474 282,570 
Tegag —— ou 8 A 275,040 2,162 14, 1,836 
Utah. uo ncn naaa ,958 60,291 25 6,699 85,815 
Vormnttt ot 1,064, 10,935 121,240 1,280 11,481 
Virginia __ απ ced ID LL S 14, 70,964 2,146 10,547 119,590 : 
Washington ------------------ 4,495 55, 5, 477 
Wisconsin | 836,460 4,119 71,764 866,440 4,591 
Wyoming ___ -.------------------- 1,904 19,923 50 . 2,174 25,812 
Other Stats 11,384 108,140 412 87,887 1. 100.700 8,288 
Total? τς cun mica 1,402,900 15,986,000 98,586 — 1,400,400 16,950,000 104,400 
Puerto Riſ _ _ _ 141,460 1,886,200 907 157,240 2,094,800 1,515 


W Withheld to avoid disclosing individual company confidential data; included with "Other States.” 
‘Includes Florida, Nevada, New Jersey, Rhode Island, West Virginia, and States indicated by symbol W. 
sData may not add to totals shown because of independent rounding. 
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Table 3.—Crushed stone sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


1975 1976 
Quantity Value Quantity Value 


ata may not add to totals shown because of independent rounding. 
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Table 4.—Crushed stone sold or used by producers in the United States, 
by size of operation 
(Thousand short tons) 
1975 1976 
Size range Number of . Number of | 
operations Quantity Percent operations Quantity Percent 
Oto 2x5_____ ei in eer 2,150 16,352 2 2,080 14,583 2 
25 to 50.______________________ 718 ,104 3 705 25,184 3 
to παμε εσενα ον 382 23,274 3 320 19,747 2 
75 to 10O—L—— LLL LLL ccc ἲ ll 301 26,134 3 253 21,894 2 
100 to 200)!!! 62⁴ 88,053 10 668 93,613 10 
200 to 300 ___ -- 383 94,393 10 368 89,579 10 
300 to 400 ______________________ 234 80,467 9 215 78,701 8 
400 to 5000 — 3 168 74,262 8 177 78,165 9 
to 6000000000 108 59,857 7 109 59,908 7 
600to700 ______________________ 83 430 6 92 59,348 7 
700 to 800 _ ἲ 11l 64 41,381 5 65 48,807 5 
800 to 9o )) 55 486,624 5 36,425 4 
900 plus r155 "264650 29 169 278,950 31 
E μπι πο... 5,425 1899990 100 5214 900, 260 100 
"Revised. 
1Data may not add to totals shown because of independent rounding. 
Table 5.—Crushed stone sold or used by producers in the United States, 
by method of transportation 
(Thousand short tons) 
uis 1915 1916 `, 
Quantity Percent Quantity Percent 
ruck 7722 050 80 722.220 80 
ßCßCCCCCCC0T0im: psd d en eh a mas 7,883 9 76,209 9 
111 d 65,115 7 243 7 
))h)hh%),!,!!!.,!!¶ũ ³ A κε 84,942 4 38,585 4 
ο Μπ πο πο μι μμ μμ να rg gg, 990 100 900,260 100 
"Revised 


Data may not add to totals shown because of independent rounding. 


LIMESTONE 


Dimension.—Dimension limestone was 
produced by 66 companies in 18 States. 
Leading States were Indiana, Wisconsin, 
Kansas, Minnesota, and Alabama, which 
accounted for 88% of the total output of 
dimension limestone. Leading companies 
were Victor Oolitic Stone Co. and Indiana 
Limestone Co. Total output of dimension 
limestone decreased 1% to 414,000 tons 
valued at $19.8 million. Average production 
per company was 6,300 tons valued at 
$300,000. 


Crushed.—Crushed limestone was pro- 
duced by 1,307 companies in 46 States. 
Leading States were Illinois, Texas, Penn- 
sylvania, Missouri, and Ohio, which ac- 
counted for 38% of the total output of 
crushed limestone. Leading companies were 
Vulcan Materials Co. and Martin Marietta 
Corp. Total output of crushed limestone was 
about the same as in 1975, 663 million tons 
valued at $1.50 billion. Average production 
per company was 507,000 tons valued at 
$1.14 million. The States with no crushed 
limestone output were Delaware, Louisiana, 
New Hampshire, and North Dakota. 
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Table 6.—Dimension limestone sold or used by producers in the United States, by State 


1916 1916 

State Short Cubic Value Snort Cubi Value 

(thou- : E (thou- 
/// ⁰ ˙AQAAAAAAAAA οπως 2,760 84,502 $51 8,410 42,627 0 
, ß ecc ce 3,479 40,929 79 4,108 48,8 103 

Indiannnlõ .......... LL L2 2L LLL w w w 930 3,530,000 

IOWÉ L kHw—' x 13,075 153,840 409 W W 
Καρς ον T 88 16,910 235, 240 676 w W W 
Michigan ___ ~~ ~~ ~_________ 1,692 19,906 32 W w W 
Minnesota _______.~_____.________  Ὃ. -- m "e 14,374 178,040 2,205 
Tora on ο See ͤ 12,512 199,670 251 8,261 126,600 155 
JJ ( eee es — ns 161 2,221 6 
Virginia TC NoD e λος ο δν ο ο ατα”... 928 10,917 W 611 1,188 18 
Washington ——————— 1694 21,175 52 1.73 22,163 61 
Wisconsin 61,944 768,240 1,503 68,815 795,900 1,750 
Other States? ________________________ 304,610 3,969,300 15,221 58,334 747,820 15,414 
Total“ dd ³ðVösAA 8 419,610 5,453,700 18,273 413,770 5,500,400 19,782 
Puerto Riſ oo 141,468 1, 886, 200 907 W W W 


W Withheld to avoid disclosing individual company confidential data; included with Other States." j 
Uncludes Alabama, Arizona (1976), Colorado, Florida, Missouri, New Mexico, Ohio, Oklahoma, Rhode Island, and 
States indicated by symbol W. 
*Data may not add to totals shown because of independent rounding. 


Table 7.—Crushed limestone sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) | 


Ss 1975 1976 
Quantity Value Quantity Value 

Alabami ]²ôdU] ]« ů ceco EAE πω 20,256 48,900 21,615 49,718 
: nor ML eee ee a aa 1,821 8,730 1,950 8,859 
%%% d a ĩͤ ͤ y A T ee a a 584 8,008 3,318 10,903 
C1777: ³˙ d ⁰³˙¹.³AAA ee RUM Mea ee! 83 16.596 7,189 18, 126 
Californias μαμα ³ d σος” 16,576 36,582 14,800 298 
ο ο κάδο ο ο aue uas erc e ez y y E ees 8,920 ,144 8,988 9,482 
h ³o]ÄAA³³³ ⁰:vd2. i uc LL u 0 175 1,310 170 1,290 
Floridi ĩ˙ ο ]³Üwm dy i LEE 38,556 12,084 88,047 73,216 
l a τς mr ο ο ης 4,996 12,152 4,094 10,293 
Hawal 252.10 ο yd mt DL LR E αι. 1,862 4,254 1,115 9,832 
1 ⁵³⁰˙ v.. 368 821 353 807 
i ³o¹w ⁰⁰ͥãyd y E E 60,637 130,020 61,858 141,440 
Indiani ασ. ο κα ο uu ως ος σας 28,665 ; ,168 59,378 
IOWB cul dp d ⁵⁵ 30,323 13,824 80,272 15,921 
nM ET A y y 8 15,382 ,104 15,734 6,831 
Kentucky «uuum me ος κοκ ατα 8 W W 33,340 76,870 
77Ü·Ü5”³O2.X. ͤ x Cu 817 2.314 900 2, 623 
6 11—·ô f yy ¼ de y Se d 10,587 80,546 10,699 81,689 
Mel 38, 642 669 40,214 ,296 
Ill y ⁰ ee 5,003 9,549 ,499 11,608 
MISSINIDDI ou ο οκ 1,067 1,823 W 
Mun uoi elut y 8 45,809 92,035 45,911 93,733 
Montane uL nau ος Ma RES EE E e 1,717 8,642 1,716 ,939 
Nebraska e cc ene ce n E EAE 4,242 10,322 4,101 11,054 
, ώμο oe ee es ee 1,667 ; ,688 5,567 
New Mexico ___ _ 44444“ 1,534 3,147 1,449 3,187 
New Vork ]˙ͥ i 8 29,029 70, ,296 63,795 
North Carolina . _ ~~~ ~~~ 9,954 10,129 4,120 10,801 
/ τας ως ue μι AS στο αλλος 44 940 98,358 41,229 95,063 
Oklahoma IMEEM 19,220 34,342 18,750 84,748 

Pennsylvania nk 46,020 109,470 48,196 124, 
South ^ NEQNE Te EE ] ] A 8 1.876 3,120 2.228 3,788 
/ ³ A 8 738,415 9,039 W W 
Tort ες ο ο αλ u ETE 52,801 91,019 51,653 91,724 
Utah... cn i ĩ vs. y ανα 1,871 ,680 2,074 550 
c — Pe 817 4,282 1,051 9,170 
J ²³˙V—— ˙ ³ A socie lcut o ccc 17,850 89,650 17,788 ,684 
Wg. 753 1,496 ,009 1,970 
%%% o u et ee ( ee 10,065 887 8,894 21,782 
MISCODÉID. LD ⅛¾ A d Eu aci iius te oe: 17,452 28,990 17,705 768 
Wyoming 23 ...... eee eee eee ee 1,826 4,378 1,616 093 
Other States „ 84,931 83,496 42,458 105,720 
Total ο ο ματ ee ES 1664, 820 — "1,418,700 662,880 — 1,496,200 
American Samoa -....-. -.-.-.-------------------------------------------------- 34 146. 156 
πο μα ο ο SUM ĩðͤ μμ ae 781 1,837 457 1,438 
Puerto Rico «ve zem e d esi EE 10,127 25,984 11,951 42,191 


"Revised. 
W Withheld to avoid disclosing individual company confidential data; included with “Other States." 


1Includes Massachusetts, New Jersey, 


Oregon, Rhode Island, South Carolina, and States indicated by symbol W. 
3Data may not add to totals shown because of independent rounding. 
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Dimension.—Dimension granite was pro- 
duced by 86 companies in 21 States. Leading 
States were Georgia (9490), Vermont, Mas- 
sachusetts (14%), New Hampshire (11%), 
and South Dakota (6%). Leading companies 
were Coggins Granite Industries and Rock 
of Ages Corp. Total production of dimension 
granite decreased 5% to 574,000 tons valued 
at $55.9 million. Average output per com- 
pany was 6,700 tons valued at $650,000. 
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Crushed.—Crushed granite was produced 
by 150 companies in 31 States. 


accounted for 79% of the total output of 
crushed granite. Leading producers were 
Vulcan Materials Co. and Martin Marietta 
Corp. Total output of crushed granite in- 
creased 4% to 98.3 million tons valued at 
$240 million. Average production per com- 
pany was 656,000 tons valued at $1.60 mil- 
lion. 


Table 8.—Dimension granite sold or used by producers in the United States, by State 


1975 1976 

State Short — Cube Value Short Cubic Value 

(thou- (thou- 

tons feet sands) tons feet sands) 
California 2. € 5,835 71,217 $877 5,240 63,979 $589 
Connecticut ------------------ 4,358 45,997 160 5,424 61,123 154 
Georgian 2,205,900 8,658 195,691 2,016,900 8,241 
| ri e ———— "—— À W W W 264 8,100 13 
Massachusetts 64,980. 181,580 5,096 81,865 ,190 5,852 
Minnesota .....- - --------------------------- 22,482 261,870 7,780 W W W 
Missouri __ _ Llc L Ll 1,109 12,909 241 1,519 18,169 288 
ew Hampshire .....--.-------------------- 65,029 144,610 4,957 600 110,280 5.278 
North Carolina 124 468,410 2,875 $0,521 880,130 8,186 
South Carolina 9,964 113,550 495 16,858 ,940 900 
South DakotiI ------------------------ 41,705 442,480 10,268 36,569 09,200 10,658 
TOROS ———— — eee 6,210 15,365 1,079 6,848 76,418 1,681 
Vermont -------------------- 81,177 842,970 1,025 W W W 
Washingtonmꝰ-ꝰWuð 22 30 8 1 30 364 2 
Wisconsin .------------------ 6,692 60,420 2,508 7,421 68,798 2,820 
Other States! 34,538 388,700 1887. 29,880 16,714 
/ μα pno u 608,620 G6,515,700 54,042 574,280 6,824,900 55,924 


W Withheld to avoid disclosing individual] company confidential data; included with “Other States." 
1[ncludes Colorado, Nevada, New York, Oklahoma, Pennsylvania, Virginia, and States indicated by symbol W. 
*Data may not add to totals shown because of independent rounding. 


Table 9.—Crushed granite sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


"a 1916 1976 
Quantity Value Quantity Value . 
//; τον ͥ ⁰»h;⁰ ³¹¹¹ sduse e 1,174 5,300 1,074 2,108 
77 ο ο ών niu Red ie EE e ae ME 251 789 149 520 
— . — W i m 
Californig ——u GgꝛA—xe!r: ⁰⁰y . ee a i 
ae ο D T 008 1929 1.184 2 489 
000% ũ ͥ ů ⁰ↄmtm . E LUE 24,072 56,077 898 66,980 
Üͥꝓ1Aů σετ λαο Sm S ees 89. 100 1 8 
% ³˙¹¹¹¹ m d “σσ σα ES 35 93 W W 
Massachusetta __ _ _________ sss 1,012 2,422 1,266 3,989 
Mo ο τ ΓΞ 1888 27169 1,605 8365 
tang. Z= a u u ͥ yd: d EE eas Z 
na ισπ d Ἡ 
New Mexico ...............-.-.-----.---.----.-----.----.--------------------- 
ΓΕ 22308 50978 — 22980 — SLIM 
r eee EE w W 3 155 
τ 
ο ου. το a ο 5 cn a s 9948 — 22.520 8600 — 21243 
7%%%%%%õͤõͤ ³˙·1AàA ενα 1 1 8 93 
Vermont ποσα E EI Lud 16 91 2 5 
Vina c S 8 12.500 28431 12487 29.987 


See footnotes at end of table. 
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Table 9.—Crushed granite sold or used by producers in the United States, by State 
| — Continued 


(Thousand short tons and thousand dollars) 


s 1975 1976 
Quantity Value Quantity Value 
Washington --------------------------------—— 360 780 1,199 2,171 
J ced e Aue LH DA E ατα 776 1.028 886 1.193 
Other States? _-______ 4 8332 20,410 7,894 18,978 
To hot suce LE eee eee 94,258 216,990 — 98,928 229,670 
Puerto Rico uc ³ AAA LLLI d A oi. 29 66 (3) (5) 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
!Includes Connecticut, Maryland, Michigan (1975), Missouri, New Hampshire, New Jersey, New York, Rhode Island, 
Utah, Wyoming, and States indicated by symbol W. 
"Γαία may not add to totals shown because of independent rounding. 
5 Withheld to avoid disclosing individual company confidential data. 


TRAPROCK Crushed.—Crushed traprock was pro- 


Dimension.—Dimension traprock was five leading States—Oregon, New Jersey, 
produced by three companies in Hawaii, Washington, Massachusetts, and Conn- 
Washington, and California. Leading com-  ecticut—accounted for 59% of the total 
panies were J. W. Glover Ltd. and Heather- output of crushed traprock. Leading pro- ' 
stone Inc. Output decreased 5% to 1,160 ducers were the U.S. Forest Service and 
tons valued at $14,300. Average production Ashland Oil Inc. Total output decreased 4% 
per company was only 390 tons valued at to 75.2 million tons valued at $193 million. 
$4,800. Average production per company was 

252,000 tons valued at $647,000. 


Table 10.—Crushed traprock sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


ats 1975 1976 
tity ue tity ue 
Quanti Val Quanti Val 
Alaska osi s e DUAL Meter e aS 8,119 5,768 2,402 4,802 
Arona dd οκ Z ο ση 4] 62 W W 
l 4,390 8,617 8,967 9,165 
Connecticut o uuu u zx LL ua 8 6,988 17,774 5,65 15,130 
μα ος μ.ο MNT Ea a Sa 5,967 20,265 ; 16,781 
μμ ακομα i DLE E EL 2,994 4,969 2,187 4,293 
Maryland ο τω oe ese meti 8 W W 2, 
M “κ OG ο ο οὐ ο 8 5,362 15,261 5,793 15,892 
Chigan es Z ee cro 88 
Montana’ o oou Bee ee 1,083 2,353 1,482 8,802 
%% ⁰˙ä AZ ͤ ĩ A é 8.455 29, 8.259 
New Mexico __ ꝛ⅛². ꝛ - ων ee uui i 1 761 1 444 
New York ß Ss ee 1,527 5,055 1,662 5,623 
North Caroliinnu.”ͤn. „4 „„ 1,612 3,94 1,734 4,857 
ne prc TOP 19,947 31,289 18,735 88,603 
Pennsylvania __ _ an a Sa E t e 4,011 8,716 3,412 8,074 
South %)) Rr ee ee, s ER 
Ff P Pmœꝑrοn AA W W 1 
Virginia -22222 L II εαν IZ I IZ II IL 3,429 8,252 4,146 10,208 
Washington ..........------------------.--------- ,98] 12,279 ; 14,739 
Wisconsini 2522260 tt yy 8 1.134 3,596 1,118 3,79 
Other gage. 8 3,013 7, 880 801 
Total! ausos Au d ͤ Ä 78, 443 192,600 75,202 192,880 
ha Dep Aa" ERE 1,222 2,862 (5) (3) 
Virgin Islands _-—-— -~ ----------------------—--—---- 213 1,490 279 2,050 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
Includes Maine, Minnesota, New Hampshire, Texas, and States indicated by symbol W. 
?Data may not add to totals shown because of independent rounding. 
3Withheld to avoid disclosing individual company confidential data. 
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SANDSTONE pany was 3,000 tons valued at $112,000. 

. . Crushed.—Crushed sandstone was pro- 
Dimension.—Dimension sandstone was duced by 199 companies in 33 States. Lead- 
produced by 91 companies in 27 States. ing States were Pennsylvania, Arkansas, 
Leading States were Ohio, Pennsylvania, California, and Ohio, which accounted for 
New York, Georgia, and Maryland, which 51% of the total output of crushed sand- 
accounted for 60% of the total output of stone. Leading producers were Ashland Oil 
dimension sandstone. Leading producers Co. and Ottawa Silica Co. Output decreased 
were Standard Slag Co. and Briar Hill 1% to 26.7 million tons valued at $78.5 
Stone Co. Output was 272,000 tons valued at million. Average production per company 

$10.2 million. Average production per com- was 134,000 tons valued at $395,000. 


Table 11.—Dimension sandstone sold or used by producers in the United States, by State 


1975 1976 

State Short Cubic Value Short Cubi beer 

(thou- E (thou- 

tons feet sands) tons feet sands) 
Arizona __ _ o σώος LU LM ELE 4,134 64,647 $148 1,579 22,893 | $34 
Arkansas ~- -—---------------—— 4,184 59,800 159 Ww W W 

California 371 5,054 11 662 8,787 

Coloraduooo „ 946 68,440 123 61,653 182 
Connecticul!!!l!! 4,817 61.769 64 8,719 41,680 61 
Indiana ___ ounce mm W W 4,308 64,620 w 
Maryland ..... _ W W W 12,597 161, 365 
Michigan __ -..---------------. 5,665 71,083 106 w w 
Missourrt . ..... -.-.- .... -... 580 8,660 27 580 8,660 27 
New York __ 27,970 1 1,539 20,649 252,340 1,566 
Pennsylvania 80,501 390,870 865 30,630 392,690 894 
Tennessee 9,536 122,280 299 9,476 120, 820 582 
II! ως 8 1.711 21.392 28 W W 
Washington 2,403 30,038 255 3,059 38,238 898 
Wisconsin .............- -.. -...-.--....... .. 61 7, 6,746 21 
Wyoming ..- -..-.-..---.-.- -. -. -. -... 150 1,928 223 2,859 4 
Other States! _________________ 130,680 1. 764. 100 4,354 178,900 2,336,400 6,093 
Total onc cc eL ccu 229,460 3, 007, 000 8,001 272,190 3, 531.900 10,192 
Puerto Rico ook NS 2a EN" (5) 3) . (5) 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 
!Includes Alabama, Georgia, Idaho, Minnesota, Montana, New Jersey, New Mexico, North Carolina, Ohio, Utah, West 
Virginia, and States indicated by the symbol W. | 
ta may not add to totals shown because of independent rounding. 
*Withheld to avoid disclosing individual company confidential data. 


Table 12.—Crushed sandstone sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


Süt 1975 1976 
Quantity Value Quantity Value 
Eil ee ee W. ee eee S 57 228 W W 
JJ ³ͤ¹AAA——BABA—P ra w;t 8 W 336 596 
ASISONE 260 κώμα σωμα οκ τος 456 1,429 1,603 
ATKADERS τς ος ο ΕΕ ee ee atti E 5,325 9,375 9,608 7,481 
California. LLL ea m m.... eee u 8,451 7,856 3,413 7,429 
Colorado unl ß ας ος oe e 375 971 W 
Florida ³˙o¹A ³·r. ⅛ dug mm LE ME LESE 110 220 ΜΉ 
daho !!!. πο h ⁰⁰yʒ ⅛ð v iL ee 482 2,196 819 8,787 
7) a ee ee ee ee eee . eee eae W W 190 
J))! ³·¹¹ ͥ ͥ ⁰yd y eue e ae E w w 399 1,420 
Marylind - osse cda eh k . ας 313 1,887 214 1,121 
Montane o o uL ²⁰ rr ⁰⁰⁰y e 262 665 191 575 
New Mexico ________________________ ss s W W 234 481 
U // AAA 8 1.112 3,360 1,126 3,324 
North Caroline ee eee W W 107 
)))ðBÄ ³· Adv sr ss 1.277 1,192 1,884 8,995 
Neon Er PONES 141 1,836 W 
Penne... eL 4,612 19,166 5,323 14,535 
South EN ey a AA el skua ss 1,962 948 2,771 
Penne Se ei Se sete W W 3 
Texas a e ters Lue te LLLI LAC eic 836 2,359 689 1,941 
Mernnont u z u= Su ee et 50 10 
% ͥ ³o·¹W² eate 8 828 2,182 862 2,298 


See footnotes at end of table. 
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Table 12.—Crushed sandstone sold or used by producers in the United States, by State 
— Continued 


(Thousand short tons and thousand dollars) 


Skate 1975 1976 
Quantity Value Quantity Value 

Washington JJ at as ash ꝛ A mx ES 794 2,720 875 2,544 
ue „ P t MS i nis 823 2,951 
VORNE ĩ³· o ως ενος eL ID ⁰ʒ AA C na aa κα M 
Other States — 4,714 15,409 4,818 14,574 
Totals uno ee s eh 27,120 711,231 26,123 78,506 
Virgin Islands ____________________________ 22 41 823 ΜΈΝ S 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 
Includes Connecticut, Georgia, Kansas, Michigan, Minnesota, Missouri, Oklahoma, Utah, Wisconsin, and States 
indicated by symbol W. 
Mata may not add to totals shown because of independent rounding. 


MARBLE Marble Co. and Vermont Marble Co. Output 

; : I expanded 12% to 56,000 tons valued at $10.3 
Dimension.—Dimension marble was pro- illion. A inut 

duced by 15 companies in 12 States. Leading mt'ion. . per company Was 


States were Vermont, Georgia, Tennessee, 3,700 tons valued at $688,000. 
Montana, and Alabama, which accounted Crushed.—Crushed marble was produced 


for 87% of the total output of dimension by 20 companies in 13 States. Leading 
marble. Leading producers were Georgia States were Alabama, Georgia, North Caro- 


Table 13.—Dimension marble sold or used by producers in the United States, by State 


1975 1976 
State Short Cubie hu. Short Cubic — (glue 

Idaho o ĩðV- ust. W W W 893 10,500 390 
Tennessee 6,002 64,778 $1,699 9,998 111,750 1,746 
Tëra menn m csse 2,000 20,000 232 = NM aM 
Washington __________________ 51 685 2 W W W 
Wong 84? 1.754 18,000 47 1,951 22,953 59 
Other States 40,176 456,650 7,547 43,135 492,370 8,428 
Total! 49,989 560,110 9,526 55,977 637,560 10,318 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1Includes Alabama, Arizona (1976), Georgia, Missouri, Montana, New Mexico, North Carolina, Utah (1975), Vermont, 
and States indicated by symbol W. 
Data may not add to totals shown because of independent rounding. 


Table 14.—Crushed marble sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


Suis 1975 1976 
Quantity Value Quantity Value 
Alabamā ——-—- m. mu de cc UI ο ον Ερατώ καλα 610 9,982 649 9.964 
T ο ο ο e TI c W W 68 684 
νοκ 0000 ĩĩ ðW.ü. ³ĩðV—ſ⁰ò Add ĩðͤ NER 

, . . e 2 z 4 6 2 6 
%%% ũ ⁵œ ů³ A L .. ( 8 54 1,340 63 1,574 
Other States?! ß nS LL 194 11,297 632 1,794 

Total*- a Ομ ο νο ma i 1,461 22,626 1,456 20,586 
, ß ee ee ed ae ae 107 523 97 518 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 
1Includes California, Georgia, Missouri, Nevada (1976), North Carolina, Tennessee, Virginia, Washington, and States 
indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 
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lina, Texas, and Wyoming, which accounted 
for 91% of the total production of crushed 
marble. Leading producers were Georgia 
Marble Co. and Thompson-Weinman & Co. 
Output was about the same as in 19775, 1.46 
million tons valued at $20.6 million. Aver- 
age production per company was 72,800 tons 
valued at $1.03 million. 


SLATE 


Dimension.—Dimension slate was pro- 
duced by 29 companies in 6 States. Leading 
States were Pennsylvania and Vermont, 
which accounted for 76% of the total output 
of dimension slate. Other States were Vir- 
ginia, New York, North Carolina, and Cali- 
fornia. Leading companies were A. Dalley 
& Sons Inc. and Stoddard Slate Co., Inc. 
Output decreased 696 to 58,000 tons valued 
at $7.26 million. Average production per 
company was 2,000 tons valued at $250,000. 

Crushed.—Crushed slate was produced by 
eight companies in Virginia, Georgia, Ar- 
kansas, and New York. Leading producers 
were Hercules Inc. and Georgia Light- 
weight Aggregate Co. Output expanded 
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1696 to 879,000 tons valued at $5.81 million. 
Average output per company was 110,000 
tons valued at $726,000. 


SHELL 


Crushed shell was produced by 18 compa- 
nies in Louisiana (68%), Texas, Alabama, 
Florida (490), South Carolina, California, 
and Virginia. Leading companies were 
Radcliff Materials, Inc., and Parker Bros. & 
Co., Inc. Output declined 11% to 13.8 mil- 
lion tons valued at $37.4 million. Average 
production per company was 1.06 million 
tons valued at $2.88 million. 


CALCAREOUS MARL 


Crushed marl was produced by 31 compa- 
nies in 8 States. Leading States were South 
Carolina, Texas, and Mississippi, which 
accounted for 92% of the total output of 
crushed marl. Leading producers were San- 
tee Portland Cement Co. and Giant Port- 
land Cement Co. Output decreased 490 to 
3.37 million tons valued at $4.45 million. 
Average production per company was 
109,000 tons valued at $143,000. 


Table 15.—Crushed calcareous mari pese used by producers in the United States, 
y State 


(Thousand short tons and thousand dollars) 


— < ab — «Ἐν «Ἐν «Ἐν απο ow s 4 s s s “< s < s X. .qdg «αν «κο — 


-— d æ æ ο «ο «ο αν ab αν «ο G < — «αν A Ub απο © G απ’ s αν s @ «παν = 


-- < < < m om “< < «πρ s s d s am s “s s am «αἩ «απ» G s om am «ο «αν — 


1975 1976 
Quantity Value Quantity Value 
ae 28 41 24 40 
. 8⁵ 153 66 156 
MP 561 907 W W 
A 228 461 178 321 
XR OUR. 2,180 2,118 2,984 2,978 
Mera W 5 9 
MM" 421 532 719 943 
NI 8,504 4.871 3,371 4,446 


W Withheld to avoid disclosing individual company κο pone: included with “Other States." 


Includes Maine (1976), Texas, and States indicated by symbo 


*Data may not add to totals shown because of independent oe 


MISCELLANEOUS STONE 


Dimension.—Other kinds of dimension 
stone were produced by 22 companies in 11 
States. Leading States were Maryland, 
Pennsylvania, California, and Oregon, 
which accounted for 87% of the total output 
of other dimension stone. Other States were 
Arizona, New Mexico, Virginia, Washing- 
ton, North Carolina, and Hawaii. Leading 
producers were Stoneyhurst Quarries and 
Tri State Stone Co. Output declined 32% to 
25,000 tons valued at $911,000. Average 


production per company was only 1,100 tons 
valued at $41,400. 

Crushed.—Other crushed stone was pro- 
duced by 84 companies in 26 States. Leading 
States were Pennsylvania, California, 
North Carolina, Alaska, and Washington, 
which accounted for 79% of the total output 
of other crushed stone. Leading producers 
were the U.S. Forest Service and Eureka 
Stone Quarry Inc. Output expanded 25% to 
17.7 million tons valued at $41.1 million. 
Average production per company was 
210,000 tons valued at $489,000. 


STONE 
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Table 16.—Crushed miscellaneous stone AEA or used by producers in the United States, 
mE tate 


by 


. (Thousand short tons and thousand dollars) 


1975 1976 
Quantity Value Quantity Value 
UNSER 1,391 9,899 966 3,121 
nv 4,409 8,693 5,021 11,107 
"E 86 128 W W 
NEHMEN 230 698 1 580 
5 30 136 15 282 
CNN W W 410 1,219 
σος 58 81 4 
5 W W 1,624 4,079 
luec 90 159 ANE -— 
NN W W 253 216 
esee 200 331 276 484 
5 W W 5,519 13,200 
35 12 38 16 56 
ον ταις 514 933 W W 
ENSE Ἡ 16 114 142 1,602 
3 W W 214 432 
5 W W 840 1,752 
ENS 7,073 15,796 1,883 2,866 
ο... 14.169 31,000 17,664 41,099 
e 1,969 17,172 Pu M 


W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 


Includes Arizona, Arkansas, Kansas, 
Wisconsin, Wyoming, and States indicated by symbol W. 


Louisiana, Massachusetts, Missouri, Nevada, New Mexico, Texas (1975), 


Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Stone was consumed in every State. Di- 
mension stone was marketed over wide 
areas to meet specific requirements. Crush- 
ed stone was generally marketed in a limit- 
ed area, usually in the State where pro- 
duced. Although large stockpiles may exist, 
output during the year is considered to 
equal consumption. 

Dimension.—Dimension stone was used 
for building stone (3296), monuments (24%), 
rough blocks (19%), and for other uses. 
Output of rough monumental stone decreas- 
ed 3% to 271,500 tons valued at $15.2 
million. Production of rough blocks decreas- 
ed 8% to 271,400 tons valued at $9.1 million. 
Output of cut building stone decreased 5% 
to 120,800 tons valued at $24 million. Pro- 
duction of rough construction stone increas- 
ed 19% to 119,000 tons valued at $3.2 
million. Output of curbing decreased 4% to 


118,500 tons valued at $8.0 million. These 
five uses accounted for 64% of the total 
production of dimension stone. 

Crushed.—Crushed stone was used for 
roadstone (55%), concrete (13%), cement 
(11%), and many other uses. Output of 
roadbase aggregate declined 12% to 191.2 
million tons valued at $401.7 million. Pro- 
duction of other aggregate and roadstone 
expanded 12% to 131.2 million tons valued 
at $299.9 million. Output of concrete aggre- 
gate decreased 3% to 116.0 million tons 
valued at $270.6 million. Stone used in 
cement increased 4% to 99.2 million tons 
valued at $177.1 million. Production of bitu- 
minous aggregate decreased 3% to 86.6 
million tons valued at $225.3 million. These 
five uses accounted for 69% of the total 
production of crushed stone. 
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Table 17.—Dimension stone sold or used by producers in the United States, by use 


1975 1976 
Use Short Cubic Value Short Cubi Value 
(thou- sided (thou- 
tons feet Ban tons feet sands) 
Rough Monumental 279,960 2,815,300 $15,540 271,460 2., 829, 300 $15,223 
Rough blocks __ 298,580 3, 688,400 9,649 271.449 3, 477,500 9, 
Cut building stone 127,820 1,627,100 22.916 120,780 1,550,200 28,978 
Rough construction 99,971 1.254, 700 2,101 119,050 1, 493, 300 3,197 
Curbin ggg 122,980 1,455,000 7,181 118,470 1,896,200 8, 
Rubble _____________________ 106,820 1,226,400 1,184 118,220 1,426,300 1,839 
Sawed building stone 89,405 1,197,200 5,421 91,887 1,214,100 5 
House stone veneer .. 81,187 . 1,041,200 8,775 84,997 1, 113,900 8,961 
monumental ____________ 49,576 547,170 15,043 65,804 737,950 22.081 
flaggin g W W 38,687 441,000 1,780 
Rough flagging ________________ 458,580 1,425 38,158 485,570 1,574 
construction 31.231 397,560 4,826 25,563 312,070 2,078 
Structural shapes W W W 10,275 117,000 2,588 
Roofing slate .. _ c22-- w w w 9,960 113,000 2,045 
Flooring slate _________________ W W W 6,205 66,390 ,046 
illiard tables w w w 1,772 20,000 405 
Blackboard W W w 193 2,200 101 
Other rough stone 5,059 59,674 75 6,159 76, 200 ME 
Other dressed stone _____________ 6,283 17,9 4,675 58, 264 
Other uses 13,306 199,850 8,135 2,082 24,880 210 
Mr. 1,402,900 15, 986, 000 98,588 1, 400, 400 16,950,000 104, 400 


W Withheld to avoid disclosing individual company confidential data; included with Other uses." 
Includes paving blocks, electrical fixtures, other uses, and uses indicated by symbol W. : 
3Data may not add to totals shown because of independent rounding. 


Table 18.—Crushed stone sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


Ux 1975 1976 
Quantity Value Quantity Value 
Roadbase ος ———— € 214.820 1437 191.160 401.710 
Other aggregate and roadstone ..............-----------.-.---.-- ---- -. 117,150 264,880 181,170 
Concrete aggregattkkkkkll˖„dl 9,660 , 116,000 210,610 
Coment 22 ll mecnm mie sec E ee EE 95,506 167 99,208 177, 
Bituminous aggregate __ !!!!!! 89,552 255,800 86,639 225, 
Surface treatment aggregate 5 52,144 119,840 54. 708 131,670 
Agricultural limestone (agstone) ......... -- -..-- ---- ---- -- ------------------ 38,846 87,635 89,995 107, 
δι dee EU E TPCT OOP E sss 35,009 . 16,084 81,156 88,474 
Macadam aggregateeSSsssss „“ 21,955 57.977 21,556 61, 
If ĩ˙²¹i τος ολοι μα ασ rete 26,310 52,568 27,075 61, 
Flux tone: 2.2220 o5 . dS 23,819 ; 23,767 57,621 
Railroad ballast __ „ 20,840 42,881 23,204 354 
)J one o OLEO NE EROR FRE SUN 5,293 4,983 8,656 
%%% ð⅛²! ꝛ² ] ͥ 0“ ⁰⁰⁰⁰ʒyʒ ELE LEA oe E 6,822 18,219 4,824 14,192 
Roofing granules __ „„ 4,381 11,236 4,394 11,798 
Glub occuinn ee Se ĩ ie κ μον. 3, 16,252 3,199 18,772 
] uon So See 88 2, 27,459 2,908 769 
Ai ĩð A L u y mE es 1.962 11,450 2,431 13,881 
Rock dust for coal mines |... -. -.-..-. -. -.-. -.. -. -..-.-..-. -.. -.. -.. -.. -. 1,149 6,008 1,877 8,026 
Other chemicals ___ ~~~ 1,192 2,008 1,095 1,877 
ρε ο κι uu es eh Ss km 8 1,007 2,814 
((( ² ² A ³⁰ wV usum 8 1.014 17,050 976 19,726 
Filter stone. 22 22 oo eee ee eee eee ZL eee esae , 928 2,510 
h ⁰ ⁰ Vd d a Ei LR d Lu 751 3,745 832 4,478 
πι o in k E S 965 6,631 775 5,045 
Sulfur dioxide removal ............---------------------------------------- an — 655 1,496 
TOFTASRO iu οὐ το Ss ⁰⁰⁰m; 8 584 7,259 614 7,069 
t ο u ER ο 0 ⁊ x OU a= ae 510 4,107 523 4,885 
Fett norncncmlsdlen22c2 584 1,765 46 1,468 
FF ³o˙Ü³A πω 86 187 323 448 
Waste produ et 401 439 378 
e ß ʒ ß 135 611 136 656 
EN 5 „ S B 
Buildi os + e l TL qu IAE ROBAR Z NEM ES 
τς u a aa Ed IC LL Lus 81 107 99 706 
Acid neutralization |... -.---.---------------------------------------- 55 180 178 
%% Pr...... M EE 9,446 24,291 8,929 24,049 
47% ¹iwwr ³˙Üwu LLL E "899,990 2,0221, 700 900,260 2,116,600 


1Includes dead-burned dolomite, alkalies, and sugar. 
*Includes magnesium metal (1976), porcelain, slate flour, stucco, disinfectant, carbon dioxide (1975), and other uses. 


3Data may not add to totals shown because of independent rounding. 
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Dimension.—Dimension limestone was 
used for building stone (48%), as rough 
blocks (83%), for rubble (13%), and for other 
purposes. Output of rough blocks declined 
1596 to 187,600 tons valued at $3.7 million. 
Production of cut building stone increased 
896 to 58,700 tons valued at $8.7 million. 
Output of house stone veneer increased 4% 
to 57,800 tons valued at $2.3 million. Pro- 
duction of rubble expanded 5196 to 55,400 
tons valued at $610,000. Output of sawed 
building stone declined 12% to 47,800 tons 
valued at $3.1 million. These five uses 
accounted for 86% of the total production of 
dimension limestone. 

Crushed.—Crushed limestone was used 
for roadstone (50%), cement (14%), concrete 
aggregate (14%), and many other purposes. 
Output of roadbase aggregate declined 1096 
to 136.2 million tons valued at $272.1 mil- 
lion. Production of stone for cement increas- 
ed 6% to 93.4 million tons valued at $166.3 
million. Output of concrete aggregate 
decreased 4% to 90.6 million tons valued at 
$203.1 million. Production of other aggre- 
gate and roadstone expanded 10% to 80.5 
million tons valued at $175.9 million. Out- 
put of bituminous aggregate declined 10% 
to 52.0 million tons valued at $127.2 million. 
These five uses accounted for 67% of the 
total production of crushed limestone. 
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A study was made of the output of agri- 
cultural and industrial limestone during 
the period 1940-76. Output of stone for 
cement more than tripled from 94.0 million 
tons in 1940 to a record 106.9 million tons in 
1978. Output of stone for lime (including 
dead-burned dolomite, alkalies, and sugar) 
more than doubled, from 16.0 million tons 
in 1940 to a record 40.1 million tons in 1978. 
Output of aglime expanded more than four 
times, from 8.7 million tons in 1940 to a 
record 39.8 million tons. Output of flux 
Stone expanded from 22.9 million tons in 
1940 to a record 40.9 million tons in 1953; 
since 1953 output has declined 45% to 22.5 
million tons. Output of stone for fillers. 
(whiting, asphalt filler, and other fillers) 
expanded from 856,000 tons in 1940 to a 
record 4.8 million tons in 1962; since 1962, 
output has declined 3296 to 3.3 million tons. 
Output of stone for glass expanded seven 
times, from 301,000 tons in 1940 to 2.1 
million tons. Output of stone for mineral 
food expanded 16 times, from 182,000 tons 
in 1940 to a record 2.1 million tons in 1974. 
Output of stone used as rock dust in coal 
mines expanded 14 times, from 99,000 tons 
in 1940 to 1.4 million tons. Output of stone 
for other industrial and agricultural uses 
expanded eight times, from 414,000 tons in 
1940 to 3.4 million tons. Total output for 
these uses more than doubled, from 83.5 
million tons in 1940 to 204.8 million tons. 


Table 19.—Dimension limestone sold or used by producers in the United States, by use 


1975 1976 

Use Short Cubic KAN Shot Οὐδίο b es 

(thou- (thou- 

tons feet sands) tons feet sands) 
Rough blocks __ _ ͤ„ 162,400 2,173,700 $4,045 137,580 864, 600 $3,713 
Cut stone 54, 23, 490 6,941 58,669 781,980 8,693 
House stone veneeãer _ _ _ _ .-.-. _ _ 55, 182,880 2,261 57,756 63,540 2,831 
Rubblé ih o u S 86,716 373,460 427 55,420 713,550 614 
Sawed stone 54,467 4 8,416 47,830 300 3,109 
Rough construction 25 ,630 599 305,560 601 
Rough flaggin g 16,216 207, 460 301 18,384 237,610 386 

Dressed construction... -.. -. -. -.. -. 10,786 131,720 248 11,768 144,320 

flagging __ 2,001 378 78 2,386 ,505 82 
Curbing _ nes W W 257 9,115 4 
Other rough stone W 114 1,341 2 
Other dressed stone W W W 3 38 1 
Other uses 1,832 22,111 20 -- ΗΝ EM 
ir é 419,610 5,453,700 18,273 413,770 5,500, 400 19,782 


W Withheld to avoid disclosing individual company confidential data; included with Other uses.“ 


includes uses indicated by symbol W. 


2Data may not add to totals shown because of independent rounding. 
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Table 20.—Crushed limestone sold or used by producers in the United States, by use 


(Thousand short tons and thousand dollars) 


1975 
Use 
Quantity Value 
Roadbase aggregate _________-_________--_-------- 1150, 260 ,710 
Cement... cul mui 7 . pe 8 326 151.010 
Concrete 17 ο ο ο το το ιν ο ο κας 94,305 198,640 
Other aggregate and roadstone ......---------------------------------- 097 151,400 
Bituminous ο το ο τσ . ο ouo ERES 57,816 40,290 
Agricultural ne (piel οποια ⁵B— MEN 33,570 ,888 
Surface treatment aggregat LL - -..- -.---.. -.-.-. -... 38,398 88,586 
Lie" ο x e να Duan Eri ⁰⁰y EAE 84,002 72,901 
J ³o WAA TE TEN 23,711 685 
, uu e . LL: 22, 756 49,707 
)) ³Aͥ 13,718 833 
Railroad ballast _..____________~___ 222222 22- 9, 18,653 
Sto s a ας ολο 4,363 11,087 
πμ...“ CERO EROR Sy en Ne aA κ 2,021 10,207 
Mineral 1000 4... ß ße ee ee is 1,616 10,015 
Other fille. remeras 1,892 14,200 
ο ολα ο 8 2,094 2,997 
Rock dust for coal mines̃ 1,149 6,008 
Other chemicals 1,192 2,008 
@FTOBIIICON  — o vorn ee eue LL Le pA er W W 
ια μαμα ο ορ ο κε , 144 11,537 
Sulfur ioxide removal _ -....-...-.-.-.-------.-.---.--.-... ENS . 
, ß e erectum eet 658 3.277 
IIC ĩ⁵ĩ²71ĩ˙¹11.l........d 294 721 
Roofi MISS. ο ο ος ο ο ³ K y y AES 218 1,046 
agreu tural marl non ee e sm et 877 1,288 
aste produetns 222 lc22222l22- 401 439 
Drain fields -= 56 109 
Torrano ο ες nen Za ]ðW;»0Ws A Z S um e ual 175 1,864 
αν de ER uD ⁊ Add m y Z 22 wan ex: 135 611 
ding material .. -.........-.--------.---------------------------------- 79 143 
Refractory stone nnn 16 211 
Acid neutralization ...... .......-------.-.. -.-.-- ---.-----.---.---.---- -- 55 180 
Abrasives __ ae i ae te du EE W W 
Building products |... 22 222 t 110 209 
Other uses 7,589 17,989 
Totals ο το ³Ü¹-ͤͤ νο a 1064820 71, 418,700 


1976 
Quantity Value 

136,520 212,100 

93,407 66 
90,575 ,140 
491 175,910 
51,912 290 
89,825 106,670 
38,476 222 
36,918 ,583 
837 51.457 
508 51,936 
15,174 85,178 
9,671 19,729 
3,494 ,621 
2,119 11,961 
1,979 12,321 
1,845 14,536 
1,448 2,483 
1,377 8,026 
1,095 1,877 
914: 254 
897 18,333 
654 1,494 
516 2,916 
422 1,043 
393 1,815 
321 056 
303 878 
300 392 
204 1,847 
136 656 
44 87 
38 89 
21 178 
18 168 
W W 
5,118 12,192 
662,880 1. 496, 200 


W Withheld to avoid disclosing individual company confidential data; included with Other uses.” 


"Revised. 
1Includes dead-burned dolomite, alkalies, and sugar. 


?Includes magnesium metal (1976), stucco, disinfectant, carbon dioxide (1975), other uses, and uses indicated by symbol 


ata may not add to totals shown because of independent rounding. 
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GRANITE 


Dimension.—Dimension granite was 
used for monuments (56%), curbing (21%), 
building stone (13%), and other purposes. 
Output of rough monumental stone decreas- 
ed 5% to 266,500 tons valued at $14.9 
million. Production of curbing decreased 
4% to 118,000 tons valued at $8.0 million. 
Output of dressed monumental stone 
expanded 18% to 54,700 tons valued at $18.1 
million. Production of rough blocks declined 
48% to 31,500 tons valued at $1.1 million. 
Output of cut building stone declined 24% 
to 29,300 tons valued at $10.3 million. These 
five uses accounted for 87% of the total 
production of dimension granite. 

Crushed.—Crushed granite was used for 
roadstone (63%), concrete (17%), and other 
purposes. Output of roadbase aggregate de- 
clined 24% to 22.8 million tons valued at 
$53.0 million. Production of other aggre- 
gates and roadstone expanded 43% to 17.8 
million tons valued at $43.8 million. Output 
of concrete aggregates increased 8% to 17.2 
million tons valued at $43.3 million. Pro- 
duction of bituminous aggregate increased 
7% to 16.2 million tons valued at $42.8 
million. Output of railroad ballast expanded 
22% to 9.1 million tons valued at $20.6 
million. These five uses accounted for 84% 
of the total production of crushed granite. 


TRAPROCK 


Dimension.—Dimension traprock was 
used for rubble, rough blocks, and rough 
construction stone 

Crushed.—Crushed traprock was used for 
roadstone (77%), and other purposes. Out- 
put of other aggregates and roadstone in- 
creased 7% to 18.5 million tons valued at 
$48.9 million. Production of roadbase aggre- 
gate declined 15% to 16.3 million tons 
valued at $38.7 million. Output of bitumi- 
nous aggregate decreased 6% to 11.8 million 
tons valued at $33.9 million. Production of 
surface treatment aggregate expanded 30% 
to 9.6 million tons valued at $21.8 million. 
Output of concrete aggregate declined 25% 
to 5.1 million tons valued at $15.4 million. 
These five uses accounted for 82% of the 
total production of crushed traprock. 
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SANDSTONE 


Dimension.—Dimension sandstone was 
used for building stone (48%), other rough 
stone (18%), rough blocks (12%), rubble 
(10%), and other purposes. Output of rough 
construction stone decreased 8% to 50,100 
tons valued at $1.1 million. Output of other 
rough stone was 48,800 tons valued at $1.6 
million. Production of sawed building stone 
expanded 72% to 34,700 tons valued at $1.7 
million. Production of rough blocks declined 
26% to 32,500 tons valued at $550,000. 
Output of rubble declined 20% to 28,300 
tons valued at $370,000. These five uses 
accounted for 71% of the total production of 
dimension sandstone. 

Crushed.—Crushed sandstone was used 
for roadstone (61%), concrete aggreate (8%), 
and other purposes. Output of roadbase 
aggregate increased 6% to 6.8 million tons 
valued at $14.9 million. Production of other 
aggregate and roadstone declined 13% to 
4.9 million tons valued at $10.9 million. 
Output of bituminous aggregate expanded 
31% to 3.1 million tons valued at $8.1 
million. Production of concrete aggregate 
increased 2% to 2.2 million tons valued at 
$6.6 million. Output of riprap declined 18% 
to 1.6 million tons valued at $3.8 million. 
These five uses accounted for 69% of the 
total production of crushed sandstone. 


MARBLE 


Dimension.—Dimension marble was used 
for rough blocks (41%), monuments, build- 
ing stone, and other purposes. Output of 
rough blocks declined 10% to 23,200 tons 
valued at $2.2 million. Production of dres- 
sed monumental stone was 11,100 tons val- 
ued at $3.9 million. Output of cut building 
stone expanded 40% to 6,800 tons valued at 
$2.8 million. Production of rough con- 
struction stone was 3,958 tons valued at 
$116,000. These four uses accounted for 80% 
of the total production of dimension marble. 

Crushed.—Crushed marble was used for 
fillers, terrazzo (12%), roadstone, and other 
purposes. Output of stone for other fillers 
expanded 22% to 920,000 tons valued at 
$14.4 million. Production of terrazzo declin- 
ed 27% to 170,000 tons valued at $3.6 
million. Output of other aggregates and 
roadstone was 152,000 tons valued at 
$322,000. These three uses accounted for 
85% of the total production of crushed 
marble. 
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Table 22.—Dimension granite sold or used by producers in the United States, by use 


1975 1976 
Use Short Cubic Value Short Cubi Value 
(thou- ή (thou- 
tons feet Sánds) tons feet sarda) 
Rough monumental! 279,460 2,808,600 $15,530 266,480 2,769,900 $14,925 
Teea Te a So 122,440 1,448,200 ,161 117,930 1,889,200 8,015 
Monumental 46,37 510,240 14,10 54,126 608,160 18,143 
Rough blocks 60,794 630,700 : 31,492 834,270 1,082 
Cut stone 38,601 466,200 12,244 ,318 354,530 10,300 
construction 6,430 77,349 3 27,510 329,980 1,016 
Rubble __________________ 19,481 213,630 158 9 232,520 171 
Dressed construction __________ ; „636 1.085 10,794 131,720 1,062 
Sawed stone 12,889 156,330 350 7,776 92,770 217 
Other rough stone W W W 2,791 28, 057 
ouse stone veneer ___________ 1,664 19,791 102 1,875 22,255 107 
Rough flaggin g 38 4.707 12 207 3.1 
Other dressed stone W W W 69 692 7 
Other uses! _______________ . 7,027 80,328 298 2,945 27,734 176 
Total? ___ ΩὪὮὮὪ.. 603, 620 6,515,700 54,042 574,230 6,324,900 55,924 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses." 
![ncludes paving blocks and dressed flagging and uses indicated by symbol W. 
3Data may not add to totals shown because of independent rounding. 


Table 23.—Crushed granite sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1975 1976 
xi Quantity Value Quantity Value 

Roadbase aggregate .......------------------------------------------ 30,139 67,159 22,828 52,969 
Other aggregates and roadstone ___ „ 12,409 28,177 17,775 43,769 
Concrete aggregate „ 15,900 36,868 17,198 43,317 
Bituminous aggregates ...............-------------.--.--.------.-- -.-. 15,113 37,913 16,225 42,759 
Railroad ballast |... 222222222222 22222222 1,433 15,767 9,096 20,574 
JJ... ⁵²˙ n x 2,457 7, 4,283 9,989 
Surface treatment aggregate 4,178 9,714 3,430 7,842 
ν΄ Ἢ ns M Us 

Roo ·ß EM ata aka: 35 ; ; | ; 
s JJV ο το ος οσο» 1,365 8,076 723 1.764 
JJ ð -. y y 115 669 181 826 
FHiterdddddddddddd A curae un d ue 147 180 584 
hh cemere 8 81 433 168 757 
J) 8 131 194 154 210 
Bedding materia!!! ! !!!!!! !«44«4„b 4 13 60 215 
0 μι μπω πω αμ 88 742 1.406 2,660 7,120 
Total? pp p sas a ae πα eee are 94,258 216,990 98,328 239,670 


Includes asphalt filler and other uses. 
*Data may not add to totals shown because of independent rounding. 


Table 24.—Crushed traprock sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


m 1975 1976 
Quantity Value Quantity Value 
Other aggregates and roadstone ................-..-- --- -- ------------ ---- ---- 17,258 45,818 18,462 48,879 
Roadbase W ASAS S ³ðV— x 19,152 43,634 16,340 38,729 
Bituminous aggregate ..... -....-------------------------------------------- 12,511 35,803 11,762 33,897 
Surface treatment aggregate .......-.---------.- ------------------------ T, 16,443 ; 21,798 
Concrete aggregate ______.._-----------~-----~----- 6,880 18,817 5,143 5,3 
Riprap -=n ß es ee ee 7,066 11,049 4,410 8,949 
Railroad ballast ____________----.----~-~-------- 2,558 991 2,998 6,975 
e ο το ο EE 1.650 4,677 1.400 5.185 
Roo / σοκ μα ĩð K eie ; ) ; j 
a e n E a e 8 1,180 3,398 1,573 5,050 
Su 8 a QUERN ο 8 536 2,084 158 863 
eee e I --- 57 b 28 gl 
Drain fields. s oou no ek 
Building ρτοάυςίβ...........--------------------------------- W W 1 1 


See footnotes at end of table. 
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Table 24.—Crushed traprock sold or used by producers in the United States, by use 
— Continued 


(Thousand short tons and thousand dollars) 


ΕΞ 1975 1976 
Quantity Value Quantity Value 
Other uses! LLL LLL LL l )a y r 699 2,316 553 2.110 
Total? y ee 78,443 192600 75,202 192,880 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses." 
Includes asphalt filler, other fillers (1975), other uses, and uses indicated by symbol W. 
“Data may not add to totals shown because of independent rounding. 


Table 25.—Dimension sandstone sold or used by producers in the United States, by use 


1975 1976 

Use Short Cubic value bort Cubic ioe 

(thou- (thou- 

tons feet sandá) tons feet sands) 
Rough construction 51,506 654,620 $974 50,124 642,120 $1,108 
Other rough stone W W W 48,263 603,290 1,563 
Sawed stone 20,186 278,530 1,208 34,688 455,700 1,725 
Rough blocks 43,632 589,260 868 32,473 446,610 558 
Rubble __________________ 35,320 466,150 395 28,324 377,410 967 
Cut tone 25,885 337,050 1,750 24,827 ; 2,089 

House stone veneer |... 20,346 212,190 705 21,781 

Rough flagging _ ---- 19,524 245,220 1,108 19,512 244,150 227 
Dressed Jö 8 8,700 107,320 414 10,040 126,550 416 
Other dressed stone W W 2 7,196 194 
Other uses? _______________ 4,412 56,086 580 1,572 20,385 15 
Tote 229, 460 3,007,000 8,001 212,190 8,531,900 . 10,192 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses." 
“Includes dressed construction, rough monumental, curbing, dressed monumental (1975), and uses indicated by 


symbol W. 
Mata may not add to totals shown because of independent rounding. 


Table 26.—Crushed sandstone sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1975 1976 
8e — I [YAI —— ποιοι πεικαπαα πατε σπτπεστασαο, 
Quantity Value Quantity Value 
Roadbase aggregate ..............-.------------------------------------------ 6,401 13,914 6,798 14,940 
Other aggregate and roadstone __ _ nun 5,588 12,515 4,886 10,862 
Bituminous aggregate __ „ 2,345 6,482 3,067 8,141 
Concrete aggregate ______.._-__------------~-~---~--- 185 6,068 2,223 6,645 
Ill Zt Se yumana u aa E 1,812 3,954 1,575 3,819 
UU o n al ⁰⁰⁰ðdyꝗſͥſdß y 8 i 4,193 1,259 ,685 
Surface treatment aggregate 1.392 3,482 1.237 2, 895 
Rail PRESENT ASCIENDE 8 2,008 1,116 2,587 
(%%0ͤê—1ꝗ⸗-j a ee ee gm E 979 6,045 1, 6,810 
Cement. cua tec ολλ 8 718 1,936 757 
Refractory stone _------------------------------ 889 6, 741 4,956 
Stone sand τ ον eee σι aon 442 1,792 
Roofing granulſee -.-.----------------------------------------- ; 
7 ³ ·¹Üwi¹1¹¹¹ſſſdſdſſſ ⁵² 329 811 241 555 
))blõͤͤͤĩèé10.ſCCB—w— ðͤ 8 477 919 190 
Other filler nuin eee ee ⁵⁵ ορςσ ες W W 142 1,888 
Iii ð y r Li ee W W 3 559 
J0%0%0%0%]fhßßfñ ⁵⁰ ⁵⁵ 88 61 528 81 
/// ˙ ↄV. ⁵]˙⁵¾ ũ ¹wé ————— 88 78 66 198 
J ĩðͤ ĩ ĩ dd ĩͤ LE 14 117 43 573 
Buil fJôÜôĩêo ; 8 149 431 W w 
Mineral lool ⁰» ˙·Ü⁰ . W 5 17 
PP„i¶n¶n¶»¶ͤz¶nh,h,˖˖˖˖. αλά e W W δ 7 
Other uses?! o oe a k; Rc UI a. 481 3,264 616 2,615 
Total? y eh ttv LA AM OL LIC παν 21,120 711,231 26,723 18,506 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses." 
Includes porcelain, drain fields, other uses, and uses indicated by symbol W. 
Data may not add to totals shown because of independent rounding. 
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Table 27.—Dimension marble sold or used by producers in the United States, by use 


1975 1976 

Use Short Cubic Value Short Cubi Value 

(thou- - (thou- 

tons feet sands) tons eet sands) 
Rough blocks _ _ _ 25,665 281,990 $2,491 23,176 254,120 $2,201 
Dressed monumental ... ........ W W W 11,078 129,7 3,888 

Cut stone 4,851 57,077 1,636 6,805 79,712 2,847 

Rough construction W W W 3,958 46,560 116 
House stone veneer |... 'ΥΎ }) ..... 2,853 10,244 679 W W W 
Rubble _____________________ W W W 2,505 29,468 87 
Sawed stone 1,823 14,141 300 1,093 11,843 255 
Other uses! __ ........ 15,297 196,660 4,420 7,362 86,576 916 
Total 49,989 560,110 9,526 55,977 631,560 10,318 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses." 


Includes rough monumental stone (1976), dressed construction stone, dressed flagging, rough flagging, other dressed 


Stone, and uses indicated by symbol W. 


2Data may not add to totals shown because of independent rounding. 


Table 28.—Crushed marble sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


Use 1975 1976 

Quantity Value Quantity Value 
Other hille?- ß e Ed 747 11,386 915 14,373 
aa T Aa — nc ͤ ο pu ĩè . D ae οσο E 234 4,159 170 8,598 
Other aggregates and roadstone __________________---_ W W 152 322 
pranu o a a eee ee ee eee 47 513 W W 
8% a E E W W 7 151 
RIprap' μα . ο Sess W W 6 19 
Ar! οκ οι ο nueces W W 1 20 
Other uses? ο δα ſſ oec cL ο λε eC I 433 5,968 205 2,100 
ö. ]]] ] iE eS ELE 1.461 22, 626 1,456 20,586 


W Withheld to avoid disclosing individual company confidential ó data; included [with "Other uses." e 
Includes agstone (1976), whiting, concrete aggregate, maca ate (1976), surface treatment aggregate ), 
roadbase aggregate (1975), other uses (1975), and uses indicated by symbol W . 
Data may not add to totals shown because of independent rounding. 


SLATE 


Dimension.—Dimension slate was used 
for flagging (4496), structural shapes (17%), 
roofing (17%), flooring (11%), and other 
purposes. Output of flagging increased 1% 
to 25,500 tons valued at $1.1 million. Pro- 
duction of structural shapes declined 1596 
to 10,000 tons valued at $2.4 million. Output 
of roofing declined 1096 to 10,000 tons val- 
ued at $2.0 million. Production of flooring 
decreased 1% to 6,200 tons valued at $1.0 
million. These four uses accounted for 8996 
of the total production of dimension slate. 

Crushed.—Crushed slate was used for 
lightweight aggregate (59%), roadstone, 
roofing granules, and other purposes. Total 
output expanded 1696 to 879,000 tons val- 
ued at $5.81 million. 


SHELL 


Crushed shell was used for roadstone, 
cement (15%), and other purposes. Output 
of other aggregate and roadstone declined 
21% to 4.9 million tons valued at $10.8 
million. Production of roadbase aggregate 
decreased 4% to 3.4 million tons valued at 
$9.7 million. Output of shell for cement 
declined 43% to 2.1 million tons valued at 
$5.9 million. These three uses accounted for 
75% of the total production of crushed shell. 


CALCAREOUS MARL 


Crushed marl was used for cement (87%), 
roadstone, agstone, and fill. Output of marl 
for cement increased 8% to 2.92 million 
tons valued at $3.53 million. Total pro- 
duction of marl decreased 4% to 3.37 mil- 
lion tons valued at $4.45 million. 
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MISCELLANEOUS STONE 


Dimension.—Other dimension stone was 
used for construction, rubble (20%), and 
other purposes. Output of rough con- 
struction stone declined 15% to 13,800 tons 
valued at $360,000. Production of rubble 
declined 58% to 5,000 tons valued at 
$95,000. These two uses accounted for 75% 
of the total production of other dimension 
stone. 


MINERALS YEARBOOK, 1976 


Crushed.—Other crushed stone was used 
for roadstone (78%), and other purposes. 
Output of roadbase aggregate decreased 4% 
to 5.4 million tons valued at $12.8 million. 
Production of other aggregate and road- 
stone expanded 79% to 4.4 million tons 
valued at $9.1 million. Output of bitumi- 
nous aggregate expanded 44% to 2.4 million 
tons valued at $7.4 million. These three uses 
accounted for 69% of the total production of 
other crushed stone. 


Table 29.—Dimension slate sold or used by producers in the United States, by use 


1975 1976 
Use Short Value Short Value 
tons (thousands) tons (thousands) . 
nf ³ ³ Add ³ A 8 25, 269 31.055 25,489 $1,141 
Structural ahüpes& uu L T ĩ˙——mm . 8 11, 835 2,417 10,065 2,408 
) remem em RIES NEE eet nee eR ee 11,003 2,166 9,960 2,045 
Flooring S s ß s 6,274 969 6,205 1,046 
Billiard tables 1.987 457 1.772 405 
House stone venerrrkkk «44 W W 198 4 
Blackboaris sss 264 136 193 101 
Electrical fixturetr s 340 56 W W 
Other uses 4,961 196 4,166 107 
%%. : Eel 61,933 7,453 58,048 7,251 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses. 
includes monumental stone (1975), other uses, and uses indicated by symbol W. 
Data may not add to totals shown because of independent rounding. 


Table 30.—Crushed shell sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


Ü 1975 1976 
ii Quantity Value Quantity Value 

Other aggregate and roads torte 6,182 22,068 4,892 10,842 
Roadbase aggregatee«æõkkk „ 3,486 11.690 3,363 9.722 
p d ο ο ο ο pi 1248 dus 

πα. %%/ù ⁊ĩðé—K0 A ; ; 
) ³ð /d yt S 993 3,122 W W 
Concrete Le: aos ce oe 10 20 W W 
OtherüBeé, — ⁰ Se eS Lu ure. 806 8,908 2,125 5,862 
ß pp t ME iue cui Lee 15,453 52,611 13,753 37,393 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses 
Includes surface treatment aggregate, mineral food, fill (1976), agstone, railroad ballast, riprap m 5), other uses, and 
uses indicated by symbol W. 
Data may not add to totals shown because of independent rounding. 
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Table 31.—Other dimension stone sold or used by producers in the United States, by use 

1975 1576 

Use Short Cubic Value short Cubic γαῖμα 

(thou- (thou- 

tons feet sands) tons feet sands) 
Rough construction __ 16,202 194,670 $365 13,829 168.790 $361 
ντο ο. 12,020 147,330 133 5,006 61,040 96 

Rough blocks 979 11,364 31 W W 

t stone 3,694 43,265 345 1,159 13,696 99 
House stone veneer __ ____________ 471 5,540 18 717 8,455 31 
%% ME OUR UR 79 969 3 27 838 1 
Other uses 8,636 62,172 380 4,265 50,863 823 
Total? __ sno ee ee 37,081 465,310 1,277 25,008 — 303,180 911 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses." 
Includes dressed construction stone, dressed flagging, structural shapes, other rough stone, curbing, sawed stone, and 
uses indicated by symbol W. 
ta may not add to totals shown because of independent rounding. 


Table 32.—Other crushed stone sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1975 1976 
se 
Quantity Value Quantity Value 
Roadbase aggregate _____________________________ 5,571 13,460 5,359 12,818 
Other aggregate and roadstone .....................-.-.-.---.-.---.-. -.-. -. 2,465 4,660 4,405 9,135 
Bituminous aggregate __ „„ 1,646 4,516 2,366 7,444 
Ripp aea a a e m EL LE 1,211 1,942 1,628 3,095 
Surface treatment aggregate 705 1,484 487 3,778 
Fuscus pude tr. um Z eID 1,277 2,234 833 1,290 
Concrete J i a a a te CES 386 908 785 1,894 
Railroad ballaſetꝶ tele 389 381 808 435 
Roofing ules -22L πο στο ώς ERR RN 246 223 ow Ww 
%;! a ⁰ AA edu 

Filter t ⁵ ce eee eee eee eee 27 63 26 63 
p eoi a hot a ns ce ep Eu 46 349 17 225 
Other uses? |. _ LLL cc S S S ap ) ça „ͤ „ 222 182 436 238 577 

Το nose ³¹¹ eim pt E E 14,169 . 31,000 17,664 41,099 


W Withheld to avoid disclosing individual company confidential data; included with “Other uses 
Includes other fillers, San e fields, cement, alkalies (1975), bedding material (1975), building m 1915, other 


uses, and uses indicated by sym 


Data may not add to totals zia because of independent rounding. 


PRICES 


Values are the company-reported average 
selling prices f.o.b. quarry or plant, and do 
not include transportation away from the 
plant. 

Unit values for dimension stone ranged 
from $11.83 per ton for rubble to $521.53 for 
slate used for blackboards and averaged 
$74.55, an increase of 6% over the 1975 
average. Values, per cubic foot, were $5.38 
for rough monumental stone, $2.62 for 
rough blocks, $15.47 for cut building stone, 
$2.14 for rough construction stone, and 
$5.16 for curbing, averaging $6.16 per cubic 
foot. 

Unit values for crushed stone ranged 
from $1.25 per ton for waste material to 
$20.22 for whiting and averaged $2.35 per 
ton, an increase of 4% over the 1975 aver- 


age. Values included $2.10 per ton for road- 
base aggregate, $2.29 for other aggregate 
and roadstone, $2.33 for concrete aggregate, 
$1.78 for stone used in cement, and $2.60 for 
bituminous aggregate. 

Unit values for dimension limestone 
averaged $47.81 per ton, or $3.60 per cubic 
foot; crushed limestone averaged $2.26 per 
ton. Values for dimension granite averaged 
$97.39 per ton, or $8.84 per cubic foot; 
crushed granite averaged $2.44 per ton. 
Values for dimension traprock averaged 
512.31 per ton, or $1.05 per cubic foot; 
crushed. traprock averaged $2.56 per ton. 
Values for dimension sandstone averaged 
$37.44, per ton or $2.89 per cubic foot; 
crushed sandstone averaged $2.94 per ton. 
Values for dimension marble averaged 
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$184.32 per ton, or $16.18 per cubic foot; 
crushed marble averaged $14.14 per ton. 
Values for dimension slate averaged $125.01 
per ton, or $11.05 per cubic foot; crushed 
slate averaged $6.60 per ton. Shell sold for 
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$2.72 per ton and marl for $1.32. Values for 
miscellaneous dimension stone averaged 
$36.45 per ton, or $3.01 per cubic foot; other 
crushed stone averaged $2.33 per ton. 


Table 33.— Unit values of stone sold or used by producers in the United States 


1975 1976 
Dimension Dimension 
Stone stone 5 ne Crushed 
Per ne Per stone, 
Per : Per : 
cubic per ton cubic per ton 
ton foot ton foot 
Limestone ___________________ $43.55 $3.35 $2.13 $47.81 $3.60 $2.26 
Gran itte 89.53 8.29 2.30 97.39 8.84 2.44 
Traprock __ _ _ ---- 10.57 1.00 2.46 12.31 1.05 2.56 
Sandstone .. _ _ _ _ - .....-... 34.87 2.66 2.85 37.44 2.89 2.94 
Marble ___ _ _ 888 190.56 18.24 15.49 184.32 16.18 14.14 
Slate ͥ;ͤͥ ο ĩ⁰·m E 120.94 11.00 6.50 125.01 1.05 6.60 
Shell 5-52 xx om ccs EN £t 3.41 er EM 2.72 
Marl ceu d EN = 1.39 xs > 1.32 
Miscellaneous 3⁴ 2.74 2.19 36.45 3.01 2.33 
Average ________________- 70.27 6.16 2.25 74.55 6.16 2.35 
FOREIGN TRADE 


Dimension stone was exported all over 
the world, but mainly to Canada. Exports 
included 63,000 tons of dimension limestone 
valued at $1.49 million and 120,000 tons of 
other dimension stone valued at $2.60 mil- 
lion. 

Crushed stone was exported to many 
countries, mainly to Canada. Exports 
included 3.19 million tons of crushed lime- 
stone valued at $10.5 million and 1.2 million 
tons of other crushed stone valued at $9.35 
million. 

Stone was imported from many countries; 
total value of stone imported was $46.2 
million, about the same as in 1975. Imports 
of dimension stone included 5,000 tons of 


limestone from Mexico valued at $176,000 
82,000 tons of granite, mainly from Canada, 
Mexico, Taiwan, and Italy, valued at $9.88 
million; 258,000 tons of marble, all from 
Italy, valued at $20.2 million; and 49,000 
tons of slate, mainly from Italy and Portu- 
gal, valued at $5.88 million. 

Imports of crushed stone included 3.60 
million tons of limestone, mainly from Can- 
ada, Bahamas, and the Dominican Repub- 
lic, valued at $9.08 million; 11,000 tons of 
granite from the Republic of South Africa 
valued at $194,000; and 2,500 tons of marble 
from Canada valued at $86,000. Total crush- 
ed stone imports were 3.69 million tons 
valued at $10.1 million. 


Table 34.—U.S. exports of stone 
(Thousand short tons and thousand dollars) 


Building and Crushed, ground, Other 
monumental stone or broken manu 
Year Dolomite Other Limestone Other oe 
Quantity Value (value) Quantity Value Quantity Value (value) 
1914 .—— n le SO Fae 86 1,559 1,920 2,793 7,159 625 4,850 2,077 
77 ĩ 88 49 1.464 2,449 3,386 9,993 896 5,848 2,376 
1918 eh s 63 1,486 2,596 3,191 10,537 866 7,078 2,278 
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Table 35.—U.S. imports for consumption of stone and whiting, by class 


1975 1976 
Class Value Value 
Quantity (thou- Quantity (thou- 
sands) sands) 
Granite: 
Monumental, paving and building stone: 
Hough. ha nonsi ος cubic feet. 243,320 $2,369 221,149 $2,234 
). y 8 do— 1827, 983 5,617 193,825 4,669 
Not manufactured and not suitable for monumental, | 
68 or building stone short tons. 4.361 156 11.313 127 
Other.nsplc. m y 88 (1) 703 (2) 67 
Total. ue cmt ο Suay XX 8,845 XX 7,097 
Marble, breccia, and onyx: 
In block, rough, or squared ______________ cubic feet 14,112 209 17,726 156 
Sawed or dressed, over 2 inches thick ........-... do_ 361 8 710 15 
Slabs and pa lies es superficial feet. 5,183,004 7,663 8,019,528 8,277 
All other manufacturee sss (1) 7,601 (1) 7,344 
T Z σον tt en suma XX 15,481 XX 15,792 
Travertine stone: 
Rough, unmanufactured ....... ... ..- -.-.. -.- -.. cubic feet 4,008 19 41,268 103 
Dressed, suitable o monumental, paving, 
and building sto JJV short tons. .. 22,548 2,994 26,469 8,667 
Other, πας τς r ß Rerum eus (1) 447 (1) 248 
CC ολ ĩ k ³ꝛ ͤ . λος XX 3,460 XX 4,018 
E e d building 
onumental, paving, an stone: 
Rough; — xx v cauce a cubic feet 13,889 24 12,111 19 
Dressed, manufactured short tons 8,863 164 580 41 
Crude, not suitable for monumental, paving, or 
building stone . _ ---2--2-- do. ... 147,262 519 104,605 492 
Other. n8DÍ L cuu Scrum μον κος (1) 43 (3) 42 
Toti]. ο cm Ta ZZ a aera uhun s ae XX 810 XX 594 
Slate: 
ROONNG 6 os ee pm MBA square feet md Sa 13,936 4 
Other: n p eee (1) 6,597 (Ὁ) 5,880 
Total. — d αλλα XX 6,597 XX 5,884 
quads E ο ο πο πασοκ οσα» short tons. . 122,245 804 75,404 744 
tone and articles of stone, n.s.p.f.: 
Statuary and sculptures |. - - -- ------------------ 4 366 (1) 354 
Stone, unmanufactured _ - - - ----------—-- short tons 10,610 215 4,532 116 
Building stone, rough hg cubic feet 6,909 11 11,622 15 
Building stone, dressed... _ _ . --.-.-.-----᾽ short tons 783 63 1,552 146 
Joe˖ 7ꝛ˙ꝛw-ͤ ώρας οκ mt 8 (1) 2,235 (ἃ) 2,816 
CJJ7ö⁰¹mn)nmn K ĩð d Tuz Sus XX 2,890 XX 8,447 
Stone, chips, spall, crushed or ground: 
Marble, breccia, and onyx chips short tons 2,522 80 2,503 86 
Limestone, chips and spalls, crushed or 
ground ³·ÜÜwũ cA LLL ma s do... 1,616,312 2,432 1,580,391 2,316 
Stone chips and oe and stone crushed 
orground,n.spf__ _ _ _ do— 1, 371, 363 2,764 1,280,573 2,146 
Slate chips and ie and slate crushed 
Or ground e ee eet ee do— 353 1 (13) 1 
Το zoe yy ĩͤ . 2,990,550 5,211 XX 5,209 
Aragonite PP 4927560 512 678,680 620 
Whiting: 
Whiting, dry, ground, or bolted __ short tons. _ 20,115 1,219 85,920 2,221 
Chalk, whiting, precipateetedſdl!. do- 1.568 242 4,949 579 
του σος zu putu ¼¼mt EE Li sz 21,078 1,461 40,269 2,806 
Grand e rcu cue Eoi I E 46.7 XX 46211 


FRevised. XX Not applicable. 
1Quantity not reported. 
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WORLD REVIEW 


Stone occurs all over the world. Resources 
are virtually unlimited, but shortages of 
Stone for certain uses exist. Most stone is 
produced in the heavily industrialized 
countries. World output of stone in 1976 was 
estimated at about 5 billion tons, including 
2 billion from Europe, 1.5 billion from Asia, 
and 1 billion from North America. 

Canada.— Production of stone in 1975 was 
97 million tons valued at $171 million. 
Exports of stone, mainly to the United 
States, were 1.7 million tons valued at $6.1 
million. The stone was used for roadmetal 
(9460), concrete aggregate (19%), asphalt 
aggregate (7%), railroad ballast (5%), and 
many other uses. Of the total, 78% was 
limestone and 15% was granite. Leading 
Provinces were Quebec (55%) and Ontario 
(85%). 


France.—France ranked behind Italy in 
output of dimension stone. Production of 
crushed stone was about 200 million tons, 
4%, of the world's output. 

Germany, West.—Production of stone in 
West Germany was estimated at about 250 
million tons, 596 of the world total. 

Italy.—Italy ranked first in output of 
dimension stone. Output of crushed stone 
was estimated at about 100 million tons, 296 
of the world total. 

Japan.—Japan produced about 180 mil- 
lion tons of stone, 496 of the world total. 

U.S.S.R.—The Soviet Union ranked sec- 
ond behind the United States in stone pro- 
duction. Output was estimated at about 500 
million tons, 1096 of the world's supply of 
stone. 


Sulfur and Pyrites 


By John E. Shelton! 


There was a slight increase in sulfur 
prices in 1976 compared with those in 1975. 
The average net shipment value f.o.b. 
mine/plant for Frasch and recovered ele- 
mental sulfur increased 2% from 845.63 per 
long ton in 1975 to $46.45 per ton in 1976. 
Both export and import prices decreased. 
The yearend price for Frasch sulfur was $61 
pet ton Gulf Ports. 

Production of sulfur in all forms in 1976 
decreased 4.9% below that of 1975. For the 
first time in 8 years, production did not 
equal.apparent domestic consumption. Sul- 


fur was produced by 69 companies at 182 
operations in 32 States, with 10 companies 
having 57 operations accounting for 75% of 
the output. Distribution of production was 
Frasch sulfur 5996, recovered elemental 
sulfur 29%, and the contained sulfur in 
other production 1296. Production was con- 
centrated in Texas and Louisiana. Together, 
these two States accounted for 68% of the 
total output. 


1Supervisory physical scientist, Division of Nonmetallic 
Minerals. 


Table 1.—Salient sulfur statistics 
(Thousand long tons, sulfur content, and thousand dollars uniess otherwise noted) 


1972 1978 1974 1975 1976 
United States: 
Production: 
| — οι πμ À— Ó— 7,290 7,605 7,901 7,211 6,264 
Recovered elemental - -- ---------- 1,950 2,416 2,632 2,969 3,138 
αν, .——- EET E 978 900 886 1,079 1,305 
Total e munt EE 10,218 10,921 11,419 11,259 10,707 
Shipments: 
Krüsch.. - μα ων 7,613 7,438 7,898 6,077 5,860 
55 elemental __ -.-. -. -. -. 1,927 2,451 2,547 2,902 8,146 
Other forme 978 900 886 1,079 1,805 
f Total zas ος i ss 3 10,518 10,789 11,831 10,058 10,811 
. Imports, elemental and pyrites.._ ~~ 1,188 1,222 2,150 1,897 1,721 
Exports, crude and refined 1,852 1,776 2,668 1,352 1,270 
Consumption, apparent all forms! i 9,854 10,235 10,818 10, 608 10,768 
s 31: ucer, Frasch 
an d recovered elemental _- ---------- 3,796 3,927 3,957 5,126 5,563 
1 Value: 
EN. "d ts, f.o.b. mine or plant: 
son κ μον asset ES $132,385 , $138, 578 $241,066 $304,843 $299,999 
| d elemental ________-- 30,060 . 37,873 60,599 104,886 118,822 
Other fo 33 ET 32,124 31 863 35,422 . 50,053 59,050 
ORT i u ee Lus yu 194,569 207,814 337,087 459,782 477,371 
Imports, elemental? |... . $16,288 $14,871 $51,124 $10,848 $59,494 
Exports, erudee $32,409 $34,330 $95,516 $69,553 $60,226 
Price, elemental, ο. per long ton, 
f.o.b. mine or piant FFC 317.03 317.84 $28.88 $45.63 546.45 
World production: All forms (including 
III 8 44.776 41,431 150,345 149,877 49,741 


r Revised. 
1Measured by shipments, plus imports, minus exports. 
3 Declared customs valuation. 
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Figure 1.—Trends in the sulfur industry in the United States. 


Shipments of sulfur in all forms to do- 
mestic and export markets increased 3% 
above those in 1975. Frasch and elemental 
sulfur accounted for 87% of the total ship- 
ments of sulfur in all forms in 1976. The 
total value of shipments f.o.b. mine/plant 
was $477.4 million in 1976 as compared with 
$459.8 million in 1975, an increase of 4%. 
Eighty-eight percent of the shipments was 
for domestic consumption and 12% for ex- 
port. Shipments of sulfur in all forms in 
1976 were 4% less than the quantity pro- 
duced. Producers’ yearend stocks of Frasch 
and recoverod elemental sulfur were almost 


9% greater than those at yearend 1975. 

The apparent domestic consumption of 
sulfur in all forms increased 2% over that of 
1975. Sulfur for domestic consumption was 
obtained mainly from domestic sources: 
Frasch 43%, recovered elemental 29%, and 
sulfur in other forms 12%. The remaining 
16% of the sulfur was obtained by imports 
of Frasch and recovered elemental sulfur. 

The United States was a net importer 
again in 1976. Exports of sulfur in all forms 
decreased 6% from 1975. Imports of sulfur 
in all forms in 1976 were 9% leas than in 
1975. 


SULFUR AND PYRITES 
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DOMESTIC PRODUCTION 


Frasch Sulfur.—Output of Frasch sulfur 
was 59% of the domestic production of 
sulfur in all forms in 1976 compared with 
64% in 1975. 

In 1976, there were 12 Frasch mines, all 
in Texas and Louisiana. Producers and 
mines in Louisiana were Freeport Minerals 
Co. at Garden Island Bay, Grand Isle and 
Grand Ecaille, and Texasgulf, Inc., at Bully 
Camp. Producers and mines in Texas were 
Farmland Industries, Inc., who purchased 
the Atlantic Richfield Co. mine at Fort 
Stockton on November. 1; Duval Corp. at 
Culberson; Jefferson Lake Sulfur Company 
at Long Point Dome; and Texasgulf, Inc.at 
Boling Dome, Fannett Dome, Moss Bluff 
Dome, Spindletop Dome, and the new mine 
at Comanche Creek. With the opening of 
the Comanche Creek mine, capacity to pro- 
duce sulfur in West Texas will be more than 
3 million tons per year.? 

The ten mines operated by Duval Corp., 
Freeport Minerals Co., and Texasgulf, Inc., 
accounted for most of the Frasch sulfur 
production. A relatively small portion of the 
output was from the other two producers 
operating one mine each. 


Production was again concentrated in the 
larger low-cost mines to counteract increas- 
ing production costs. The five largest mines, 
with four having a production rate in excess 
of one-half million tons per year each, 
accounted for 8296 of the total Frasch sulfur 
preduction compared with 84% in 1975. 
These mines also accounted for 48% of the 
total output of sulfur in all forms in 1976 
compared with 54% in 1975. 

Producers' shipments of Frasch sulfur 
were 4% less than in 1975. Approximately 
20% of the total shipments were for export 
and 80% were for the domestic market 
compared with 21% and 79%, respectively, 
in 1975. Because production was greater 
than shipments, producers' reported stocks 
after inventory adjustments were 9% great- 
er than at yearend 1975. 

Primarily because of the decrease in the 
quantity of Frasch sulfur shipped, the total 
value of shipments, f.o.b. mine, decreased 
almost 250 below that of the alltime repor- 
ted high of $305 million in 1975. 


*Sulphur (London). Comanche Creek. Texasgulf s 
Texas Mine. No. 122, January-February 1976, pp. 30-31. 


Table 2.—Production of sulfur and sulfur-containing raw materials by producers in the 
United States 


(Thousand long tons) 
1973 1974 1975 1976 
Gross Sulfur Gross Sulfur Gross Sulfur Gross Sulfur 
weight content weight content weight content weight content 
Frasch sulfu rr _ _ -------- 7,605 7,605 7,901 7,901 7,211 7,211 ,264 6,264 
Recovered elemental ey te MEN 2,416 2,416 2,632 2,632 2,969 2,969 8,138 8,138 
B uct sulfuric acid (basis 
46) produced at copper, 
zinc, and lead plants 1,834 600 2,001 654 2,345 767 2,881 942 
ο un ER 559 212 424 162 625 237 750 286 
Other ſorma .....- 107 88 82 70 110 . 75 116 ΤΊ 
Total -------------- XX 10,921 XX 11,419 XX 11,259 XX 10,707 
XX Not applicable. 
Hydrogen sulfide and liquid sulfur dioxide. 
Table 3.—Sulfur produced and shipped from Frasch mines in the United States 
(Thousand long tons and thousand dollars) 
Y Production Shipments 
ud Texas Louisiana Total Quantity Value! 
1012 t ²mg i ie S E 8,755 8,534 27,290 7,613 182,385 
| E τι 8 4,294 9,311 7,605 1,438 138,578 
111öĩ;o ꝑã 02 88 4.593 3,308 7,901 7,898 241,066 
)))) ο κα πώ FOE 4,141 8,070 7,211 6,071 804,843 
J!! iol LL 3,777 2,487 6,264 5,860 299,999 
1F.0.b. mine. 
2Data do not add to total shown because of independent rounding. 
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Recovered Sulfur.—Production: of recov- 
ered elemental sulfur, a nondiscretionary 
byproduct from natural gas and petroleum 
refinery operations, accounted for 29% of 
the total domestic production of sulfur in all 
forms compared with 26% in 1975. Pro- 
duction and shipments reached an alltime 
high with increases of 6% and 8%, re- 
spectively, over those of 1975, indicating the 
continuing increase in importance of re- 
covered sulfur as a source of domestic sup- 
ply. This type of sulfur was produced by 51 
companies at 137 plants in 27 States, 2 
plants in Puerto Rico, and 1 in the Virgin 
Islands. Most of the plants were of relative- 
ly small size, with only four reporting an 
annual production exceeding 100,000 tons. 
The 10 largest plants accounted for 37% of 
the output, and the combined production 
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from the 5 leading States was 66% of the 
total. By source, 59% was produced by 38 
companies at 79 refineries or satellite 
plants treating refinery gases, and 1 coking 
operation, and 41% was produced by 24 
companies at 57 natural gas treatment 
plants. The five largest recovered elemental 
sulfur producers were Chevron, U.S.A., Inc., 
Exxon Co., U.S.A., Getty Oil Co., Shell Oil 
Co., and Standard Oil Co. (Indiana). Togeth- 
er, their 41 plants accounted for 53% of 
recovered elemental sulfur production in 
1976. 

The total value of shipments of recovered 
elemental sulfur in 1976 increased 18% to 
an alltime high of almost $118 million. 

The leading States in production of re- 
covered elemental sulfur were Texas, Cali- 
fornia, Florida, Mississippi, and Alabama. 


Table 4.—Recovered sulfur produced and shipped in the United States 
(Thousand long tons and thousand dollars) 


Production Shipments 
Year Natural Petroleum : 

gas plants refineries Total Quantity Value? 
1;ͥÜ˙ Se ee 819 1,131 1,950 1,927 80,060 
J!. 8 1.046 1,870 2,416 2,451 37,878 ` 
1914 — m 888 1,219 1,414 2.632 2,547 60,599 
19/8 ο το 8 1,842 31,621 2,969 2,902 104,886 
19106 Lm eue . d 1,271 31.860 3,138 8,146 118,3 


J because of independent rounding. 


Includes a small quantity from coking operations. 


Table 5.—Recovered sulfur produced and shipped in the United States, by State 
(Thousand long tons and thousand dollars) 


1976 


1975 
State Production Shipments uction Shipments 
(quantity) Quantity Value (quantity) Quantity Value 
JJC i e 205 206 8,025 206 206 9,44] 
vf!!! 18 18 677 w w W 
California 395 375 6,949 432 482 7,940 
Drill eee 285 285 W 307 808 W 
Illinois and Indiana 5 203 199 6,792 220 223 7,470 
?!?!! a has Basa eal 2 10 10 291 7 7 253 
isiana ...-...------------- 90 91 4811 123 122 6,228 
Michigan and Minnesota ............ . 55 55 1,977 60 58 1,867 
issippi __ 312 298 13,425 245 224 11,264 
New Jersey _ _ _ 83 83 8,709 1 108 5,048 
New Mexico 28 21 974 45 45 1,480 
Ohio WWW.... 15 15 640 6 17 714 
Oklahoma _______--------- 8 8 239 9 324 
Pennsylvania 68 68 2.551 91 91 3.876 
Texas - 8 801 196 29,072 872 872 34,397 
E 33 ĩ E 1 1 10 (1) (1) 3 
a eae A Ae eat RAT te 52 39 W 51 W 
Other r States? rn MERE PET 339 327 25,246 352 374 28,021 
Tota l oe ee L 2,969 2,902 104,886 8,138 3,146 118,822 


W Withheld to avoid disclosing individual company confidential data; included with “Other States." 
Less than 1/2 unit. 
Combined to avoid disclosing individual compan ας ee 5 data; includes 5 (197 5), Delaware, Missouri, 
Montana, New York, North Dakota, Utah, Virginia, Washington, Virgin Islands, and Puerto Rico 
Data may not add to totals shown because of independent rounding. 
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Together these States contributed 66% of 
the total 1976 output. Production in 1976 
increased compared with 1975 by 9% each 
in California and Texas and 896 in Florida. 
The production rate in Alabama was essen- 
tially unchanged whereas it dropped 21% in 
Mississippi. Recovery of sulfur in Alabama, 
Florida, and Mississippi was mainly from 
the treatment of dry sour natural gas and 
sour natural gas associated with petroleum- 
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in the deep Jurassic formations. Indications 
were of further increases in sulfur recovery 
in future years. 

Byproduct Sulfuric Acid.—Sulfur con- 
tained in byproduct sulfuric acid produced 
at copper, lead, and zinc smelters and roast- 
ers during 1976 was 996 of the total domes- 
tic production of sulfur in all forms compar- 
ed with 7% in 1975. The total output and 
value reached an alltime high {η 1976. In 


Table 6.—Byproduct sulfuric acid? (sulfur content) produced in the United States 
(Thousand long tons and thousand dollars) 


Copper Lead and zinc 
Year plants? plants? Total Value 
1972 ποσο τμ ⁰¹wwm ⁵¼ arn ee uman 295 251 546 
1 ως αυ 8 318 282 600 24,175 
νι. o rr ⁵ tou ĩͤ E 373 281 654 29,370 
1915 2l . ß ας. 521 246 761 42,956 
IJ κοπο ους 666 216 942 46,181 


Includes acid from foreign materials. 
3Excludes acid made from pyrites concentrates. 
*Excludes acid made from native sulfur. 
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Figure 2.—Trends in the production of sulfur in the United States. 
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1976, output was 23% higher and total 
value was 896 higher than in 1975. Bypro- 
duct sulfuric acid was produced by 18 com- 
panies at 24 plants in 13 States. Fourteen 
acid plants operated in conjunction with 
copper smelters and 10 plants were acces- 
sories to lead and zinc roasting and smelt- 
ing operations. The five largest acid plants 
accounted for 44% of the output, and pro- 
duction in five States was 79% of the total. 
The five largest producers of byproduct 
sulfuric acid were ASARCO Incorporated, 
Magma Copper Co., Kennecott Copper 
Corp. Phelps Dodge Corp. and St. Joe 
Minerals Corp., whose 14 plants produced 
1196 of the byproduct sulfuric acid in 1976. 
Pyrites, Hydrogen Sulfide, and Sulfur 
Dioxide.— Sulfur contained in pyrites, hy- 
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drogen sulfide, and sulfur dioxide repre- 
sented 3% of the total production of sulfur, 
unchanged from 1975. The total sulfur con- 
tent in these products was 1696 more than 
that of 1975, and the value of shipments was 
8196 higher. Pyrites was produced by three 
companies at three mines in three States, 
hydrogen sulfide by three companies at four 
plants in three States; and sulfur dioxide by 
two companies at two plants in two States. 
The three largest producers of these pro- 
ducts were Cities Service Co., (pyrites, and 
sulfur dioxide), ASARCO Incorporated (sul- 
fur dioxide), and Shell Oil Co. (hydrogen 
sulfide). These companies combined, at one 
mine and four plants, accounted for 94% of 
the contained sulfur produced in the form of 
these products. 


Table 7.—Pyrites, hydrogen sulfide, and sulfur dioxide sold or used in the United States 
(Thousand long tons sulfur content and thousand dollars) 


e sulfide 


Year Pyrites an Total Value 
sulfur dioxide 
öÜ;iĩÜm dd, AA.. yas 283 149 432 ,221 
ο ger pee TD ελ ας PUE 212 300 7,188 
1ͤÜ˙ πο ĩ ως A a apas 162 70 232 6,052 
11;öÜ[ẽ mmñ ts m 8 237 75 312 7,097 
;;öÜõ½ . ⅛ Ä. d rcc was = 286 77 363 12,869 
CONSUMPTION AND USES 


In 1976, apparent domestic consumption 
of sulfur in all forms was 10.8 million tons, 
290 greater than in 1975. Eighty-four per- 
cent of this consumption was from domestic 
sources compared with 8296 in 1915. The 
supply sources of sulfur were domestic 
Frasch sulfur 43% compared with 45% in 
1975, domestic recovered elemental sulfur 
29% compared with 27% in 1975 and com- 
bined domestic byproduct sulfuric acid, py- 
rites, hydrogen sulfide, and sulfur dioxide 
12% compared with 10% in 1975. The re- 
maining 16% of the sulfur was from im- 
ports of Frasch and recovered elemental 
sulfur compared with 18% in 1975. 

The apparent sales of domestic Frasch 
sulfur to domestic consumers decreased by 
120,000 tons, or 3% below shipments in 
1975. Apparent shipments of recovered el- 
emental sulfur for domestic consumption 
increased by 229,000 tons, or 8% over those 
in 1975. Reported sales of the sulfur content 
of byproduct sulfuric acid, pyrites, hydrogen 
sulfide, and sulfur dioxide increased 226,000 
tons or 21% above those in 1975. Total 
supplies of domestic sulfur in all forms to 
the domestic market increased by 335,000 
tons. Imports of Frasch and recovered ele- 


mental sulfur decreased 170,000 tons or 9% 
below those of 1975. By source, imports of 
Frasch sulfur from Mexico decreased 
236,000 tons; while imports of recovered 
elemental sulfur from Canada increased 
39,000 tons and from other countries by 
almost 27,000 tons. 

The Bureau of Mines initiated a survey to 
collect data on the end uses of sulfur and 
sulfuric acid by Standard Industrial Classi- 
fication (SIC) of industrial activities. 
Canvass forms were sent to producers for 
data on shipments by end uses. In 1975 and 
1976, 58 elemental sulfur and 77 sulfuric 
acid producing companies responded to the 
canvass. Of the above companies 17 report- 
ed shipments of both sulfur and sulfuric 
acid. 

Producers of sulfur who responded to the 
canvass reported shipments of 10.6 million 
long tons of sulfur in 1975 and 10.5 million 
long tons in 1976. Of these reported ship- 
ments 1.2 million tons each year were for 
export. The largest use was 7.6 million tons 
in 1975 and 7.9 million tons in 1976 for 
sulfuric acid. This represented 81% and 
84%, respectively, of shipments for domes- 
tic consumption in 1975 and 1976. Other 
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reported end uses for elemental sulfur were 
industrial inorganic chemicals; synthetic 
rubber, cellulosic fibers and other plastic 
products; paints and allied products, explo- 
sives, industrial organic chemicals and oth- 
er chemical products; petroleum refining 
and petroleum and coal preducts; pulp and 
paper products and agricultural chemicals 
which showed little change as a percentage 
of total domestic uses. Some companies did 
not identify shipments by end use. Some 
identified end uses were tabulated in the 
unidentified uses because of company confi- 
dentiality. 

Of the reported shipments of 32.8 million 
Short tons in 1975 and 33.6 million short 
tons in 1976 of 100% sulfuric acid, the 
largest end use was for phosphatic fertiliz- 
ers. Shipments were 19 million tons or 5896 
of the total in 1975 and 19.7 million tons or 
5996 of the total in 1976. Shipments for 
other chemical products were 2.9 million 
tons or 9% of the total in both years. 
Petroleum refining and other petroleum 
and coal production received 2 million tons 
of acid or 696 in each year. The petroleum 
refining industry was a net user of about 
700,000 tons of sulfuric acid however, since 
1.3 million tons of spent acid were returned 
each year for reclaiming. 

Usage of acid for copper ore leaching 
increased from 1.4 million tons in 1975 to 
1.8 million tons in 1976, 4% and 5%, re- 
spectively, each year of the total shipments. 
Shipments for other categories are shown in 
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table 10. Several end uses for sulfuric acid 
such as food products, automotive, electrical 
equipment, rubber and metal fabrication 
were tabulated in “Unidentified” because of 
confidentiality. 

Of the total of 2.1 million short tons in 
1975 and 2.4 million short tons in 1976 of 
spent acid returned for reclaiming, 175,000 
tons or 9% in 1975 and 186,000 tons or 8% 
in 1976 were from the production of indust- 
rial organic chemicals. Petroleum refineries 
accounted for 61% in 1975 and 54% in 1976 
of the total spent acid returned for reclaim- 
ing. The remaining reclaimed acid was from 
production of plastic materials, nonferrous 
metals, phosphatic fertilizers, paints and 
allied products, other chemical products, 
inorganic pigments, soaps and detergents, 
explosives, other agricultural chemicals, 
and organic chemicals. 

Table 11 shows the total domestic use of 
sulfur including the sulfur content of sulfu- 
ric acid. The largest identified end use for 
sulfur (mostly as sulfuric acid) was the 49% 
in 1975 and 5196 in 1976 for phosphatic 
fertilizers. Other uses were for other chemi- 
cal products, 890 each year, petroleum re- 
fining and other petroleum and coal pro- 
ducts, 6% each year and other inorganic 
chemicals, 5% each year. Sulfur used for 
copper ore processing (as sulfuric acid) in- 
creased 35% from 396,000 tons, 3% of the 
total in 1975 to 533,000 tons, 5% of the total 
in 1976. 


Table 8.—Apparent consumption of sulfur in the United States! 


(Thousand long tons) 
1972 1973 1974 1975 1976 

h: 
Shipments 2.22 _ ram Rem 7,613 1,438 7,898 6,077 5,860 
f Zum e LLL 269 302 954 967 731 
EXDOME-— σος e ꝗ 86 1,852 1,776 2,601 1,295 1,198 
Tolül o- ο ἐν ο o uL κά LU. 6,030 5,964 6,251 5,149 5,393 

ve 
Shipment 1.927 2.451 2.547 2.902 9,146 
Jö; «˙ dA eee me ere ake 869 920 1,196 930 996 
Exports from the Virgin Islands XS e 62 51 72 
Toal up um οι ιό ες et LE 2,196 3,371 3,681 3,775 4,070 

ites: 
Shipments ου _ 283 212 162 237 286 
;öÜÜ!. d ⁵⁵ 8 50 E m ΕΠ FP 
TOtal o ες πιω αι mU eU A E dc 333 212 162 237 286 
Byproduct sulfuric acid __ _ 2 546 600 654 767 942 
Other form? 149 88 10 75 17 
Total all form zm ------------- 9,854 10,235 10,818 10,603 10,768 

*Estimate. 


1Crude sulfur or sulfur content. 


2Includes consumption of hydrogen sulfide and liquid sulfur dioxide. 
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Table 9, —Elemental sulfur sold or used in the United States, by end use 


(Thousand long tons) 
SIC Use 1975 1976 
26 Pede ο or ee o2 
pand paper products __.. -- -.-. -- -. -. -.- -. -. -. -.-. 1 110 
282,2822, Synthetic rubber, cellulosic fibers 
2823 and other plastic ρτοάυςίδ..... . ...-..-.- -..................--. -.-.... -...-......... 129 
28 285 Pinta and allied products, explosives, Industrial organicchamicsis ^ bi b 
i an explosives, ο em 
and other chemical producto JJ E E 8 1129 188 
29 Petroleum dea ing and petroleum and 121 
281 industrial chemicai «44444 231 337 
80 Rubber and miscellaneous plastic products __ __..______________ _ (3) 10 
Sulfuric acid: 
Domestic hh ee ee AA a 6,689 7,047 
po "lo ο r˙ CN i eee ee 874 
Total sulfuricacid , —:ꝑ!?! 7,563 7,920 
Unidentified _ _ _ _ _ n 978 660 
Total domestic uss -. -. -- -.. 9,846 9,886 
Epona  ————— ͤ ½½½d½½dddꝗddddddddũ hn tt 1,240 1,169 
J eee te le e ten D ⁵%²A kx eee CO 10,586 10,555 


Includes explosives 1975, and industrial organic chemicals 1976. 
Ancluded in Unidentified. 


Table 10.—Sulfuric acid sold or used in the United States, by use 
(Thousand short tons of 100% H. S0.) 


Quanti 
SIC Use 2 
1975 1976 
102 Copper or es JJ) ³ĩð2AA cn 1.358 1.829 
1094 Uranium and vanadium orrrreeeeeererte -.-.-.---.-΄--------------------- ---- 802 809 
10 %%% ouo ecce uuu Le ace ee Ur UL E 14 1 
261 Pulp mille. — — ense mU ue ο ιο 88 511 
285,2816 inn nic pi ee id paints and allied product: 758 600 
organic pigments an and allied products .................-.-.-----..---.-. -.. Š 
Other inorganic chemicals ; Tu Tor . 953 188 
282,2822 Synthetic rubber and other plastic materials and synthetics ............ -.. . 390 408 
2823 liulosic fibers including rayuhnnnnnn 44 ͤ„“ 372 859 
283 |» 00. a RR TIR 136 121 
284 Soaps and ἀθίθτβοπίβ..........-.-------------------------------------------------------- 874 893 
286 Industrial organic 177 v 443 470 
2813 Ni nous fertilizers ο ο nece ieu 8 
ας. Phospnatic enn 19,043 19, 696 
7 ³ /d K ως 
287 Other agricultural chemicals ...............--------------------------------------- 248 805 
2892 EXDIOSIVE u a mwmÄG ⁊ð —̊ L tm LLL 152 139 109 
2899 Water treating compounds .................-.---------------.-----------.-------------. 289 212 
28 Other chemical products ..,.,. -. - -»- »"" "-  — „4“ 2,947 2,895 
29,291 Petroleum refining and other petroleum and coal produets m 2,058 2,026 
331 Steel pickling ß ο ος cc us 358 325 
333 Nonferrous metals __ _ 4 39 60 
Other primary metals ........----------------------------------------------.------ 11 11 
3691 Storage batteries/acid ___ 114 114 
Unidentified u u ua ꝛↄ Add ee 1,328 1,881 
Total domestic!  .........-------------------------------.------.--- 32,724 33,550 
C NUT 120 . 28 
J ος ο cic unl E ]⅛ A Mu EE 82,844 83,578 


Data may not add to totals shown because of independent rounding. 
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(Thousand tons sulfur content) 
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Table 11.—Sulfur and sulfuric acid sold or used in the United States, by end use 


Sulfuric acid 
Elemental : 
SIC sulfur! asa e uiva Total 
1975 1976 1975 1976 1976 1976 
102 Copper or es she -- 396 583 896 533 
1094 Uranium and vanadium ores _ _ _ _ _ _ m = = 88 90 88 90 
10 τους T oe eu EE e 4 3 4 3 
20 Food and kindred products _______ 3 4 -- M 3 4 
261,26 Pulpmills and paper products _ _ _ _ _ _ 102 110 137 162 289 212 
2816,285 In ic pigments, paints and 
2892,28,286 jed products, explosives, 
industrial organic chemicals, 
and other chemical products _ _ _ _ _ 2129 288 221 175 2350 3268 
281 Other inorganic chemicals.. 231 337 278 228 509 565 
2822, Synthetic rubber, cellulosic 
2823,282 fibers, other plastic materials 
and synthetics_ _.§___________ 129 85 222 224 351 309 
288 Drugs == aus 40 87 40 37 
284 Soaps and detergents ___________ X" RA 109 115 109 115 
286 Industrial o ic chemicals PM PE 129 187 129 137 
2878 Nitrogenous fertilizers _________~— ie cL 161 144 161 144 
2814 Phosphatic fertiliz ers T zc: 5,552 5,141 5,552 5,141 
2819 Pesticides... . . -. Ee ga 8 5 8 5 
287 Other agricultural chemicals 90 88 72 89 162 177 
2892 Explosiveess Les aie 41 32 41 32 
2899 Water treating compounds SE se 84 79 84 79 
28 Other chemical products it = 859 ` 844 859 844 
291,29 Petroleum refining and other 
petroleum and coal products _ _ _ _ _ 121 84 600 591 721 675 
80 Rubber and miscellaneous plastic 
products (3) 10 (2) (3) (2) 10 
331 Steel pickling __ ----------------- ΚΕ =e 104 95 104 95 
333 Nonferrous metals He = 11 17 11 17 
33 Other primary metals == τα 8 9 8 '3 
8691 Storage batteries ME ΚΕ 39 39 39 83 
Exported sulfuric acid κ. = 85 8 85 8 
ubtotal -—-—-------------- 805 806 9,187 9,385 9,992 10,191 
Unidentified ο. ου ----------- 978 660 387 403 1,365 ; 
Total] ο A 2 uD uum s 1,783 1,466 9,574 9,788 11,357 11,254 


. Does not include elemental sulfur used for production of sulfuric acid. 


Includes explosives (1975), and industrial organic chemicals (1976). 
Included in “Unidentified.” 
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Figure 3.—Trends in the consumption of sulfur in the United States. 


STOCKS 


Producers' stocks of Frasch plus recover- 
ed elemental sulfur, after inventory adjust- 


Table 12.—Producers' yearend stocks 


ments, increased 990 over inventories at (Thousand long tons) 
yearend 1975. Frasch sulfur stocks increas- 
ed 996; whereas recovered elemental sulfur eer DIM a Rc 
stocks decreased 1%. The combined yearend 1972 3,665 131 3,796 
stocks amounted to approximately 7.4 194 . 3444 ns 3967 
months supply based on 1976 domestic and 19715 4,857 269 5,126 
export demands for domestically produced  !?'$ -------- 5,291 266 5,568 
Frasch and recovered elemental sulfur. 

PRICES 


The quoted price for liquid sulfur exter- 
minal Tampa, Fla., was $61 to $65 per long 
ton at yearend 1976 compared with $65 per 
ton at yearend 1975. There were price 
decreases in other markets. 


On the basis of shipments and total value 
reported to the Bureau of Mines, the aver- 
age value of shipments of Frasch sulfur 
f.o.b. mine for both domestic consumption 
and exports during 1976 rose to $51.19 per 


SULFUR AND PYRITES 


ton compared with $50.16 per ton in 1975 an 
increase of 2%. The recovered elemental 
sulfur industry was in a less favorable 
marketing position to obtain full benefit of 
the higher sulfur prices. This market was 
subject to regional competitive forces. Also, 
as a nondiscretionary byproduct there was a 
general tendency to sell sulfur in local 
markets. Sales were more dependent upon 
the industrial sector of the market. Ship- 
ment values varied widely in different re- 
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positions in the limited regional markets for 
these products. In 1976, shipments of sulfur 
contained in  byproduct sulfuric acid 
decreased $6.99 per ton of contained sulfur 
or 12%; whereas, the unit value for sulfur 
contained in pyrites, hydrogen sulfide, and 
sulfur dioxide increased $12.70 or 56% com- 
pared with 1975. 


Table 13.—Reported sales values of 
shipments of elemental sulfur, f.o.b. mine 


gions; lowest in the West, somewhat higher or plant 

in the midcontinent, and near the values for (Dollars per long ton) 

Frasch sulfur in the East and South. Over- Year Frasch Recovered Total 

all, the reported unit shipment values f.o.b. | 

plant in 1976 were $37.61 per ton, up 4% 1372 ------- ie gt πα. 

from $36.14 per ton in 1975. 1914. ----- 30.52 23279 28388 

. Marketing sulfur produced in other than 101 — 535 τα yr 

the elemental form reflected competitive i 
FOREIGN TRADE 


The United States was a net importer of 
sulfur in 1976, for the second year. Exports 
were down 6% to less than 1.3 million tons. 
Imports in the form of elemental sulfur 
decreased 9% to 1.7 million tons. The net 
import balance in 1976 was 457,000 tons 
compared with a net import of 545,000 tons 
in 1975. 

Exports from the United States were 
almost entirely in the form of Frasch sulfur. 
The tonnage of crude sulfur exported in 
1976 was 8% less than in 1975. Exports of 
refined sulfur more than doubled. The total 
value of exports declined 11% below that of 
1975. The reported average export value 
was $53.08 per ton in 1976 compared with 
$55.44 in 1975 a decrease of 4%. Belgium- 
Luxembourg and the Netherlands received 
75% of the exports, mainly for transship- 
ment to other European Community Count- 
ries. Brazil was the third largest customer, 
receiving 10% of the exports. Not included 
in the above were exports from the Virgin 
Islands which were 72,000 tons valued at 
$3.5 million in 1976. 


Imports of Frasch sulfur from Mexico 
decreased from 967,000 tons in 1975 to 
731,000 tons in 1976. Imports of recovered 
elemental sulfur mostly from Canada in- 
creased 7%. Imports from Canada totaled 
969,000 tons and imports from Japan were 
26,000 tons. The unit value of imports of 
sulfur from Canada declined $4.71 to $18.30, 
whereas imports from Mexico increased 
$5.50 to $56.60 in 1976. 


Table 14.—U.S. exports of sulfur 
(Thousand long tons and thousand dollars) 


Refined 


Y Crude 
ear ` 
Quantity Value Quantity Value 

12222 _ _ 1,847 32,409 1,278 
1973 _____ 1,771 84,830 5 1,461 
19744 ____ 2,580 95,516 21 1,829 
19751 ____ 1,288 9,553 7 2,248 
1976! ____ 1,183 60,226 15 3,358 


1Excludes exports from the Virgin Islands to fore 
countries: 1974—61,556 long tons ($1,891, 142) 1978 
96 3 tons ($8,172,094); 1976—71,643 long tons ($3,- 
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Table 15.—U.S, exports of crude sulfur, by country 
(Thousand long tons and thousand dollars) 


TEM 1975 1976 
Quantity Value Quantity Value 

1 νι SEPIUS ME ³ ML ⁵ 11 ΤΊ c AN 

JC ↄ˙² ee cL 26 1,557 21 1,122 
Belgium-Luxembourg --------.-----.------.---------.-.-.-..... 80,019 
Brad os ..! 186 11,475 118 6,589 
Canada euo ee ⁊ eL e cr 48 1,284 58 1,818 
Chile 272 AA (1) 1 (1) . 16 
Colombia uL ³· Amd y 1 28 1 66 

ο ο δρα ο τω ο δις ης ĩͤ PUE ο ο EE 16 600 EN es 
Germany, West .............------------------------------------- (1) 17 (1) 
OTD M να y d y x 8 35 2,017., 23 1,341 
ieh eee ee (1) 8 1 
il. )) ß 4 2460 ae e 
Jamaica __ ος τος ο QE OU O IZ ILII 1 50 E E 
Moxico uno nis nic s 2 umum 8 1 37 3 70 
Netherlanddsssss „ 858 19,663 288 5,249 
New Zealand ο _ 7jrð—; oh ah een ete E 185 " 2,616 
South Africa, Republic ___________________________ (3) 9 (1) 6 
T — E 670 = ave 
nited kingdom ........ -.----------------------------------- M ο 
Uruguay u, ne ee ceu LE SS 10 641 7 400 
G ³o¹ſã ³ ³ AA ⁊ v S Ld uuu S (1) 129 5 

Toal τς ne d LU CALL Arta e 1,288 69,553 1,183 60,226 

"Revised. 

1Lees than 1/2 unit. 


.  SExcludes exports from the Virgin Islands to foreign countries: 1975—56,682 long tons ($3,172,094); 1976—71,648 long 
tons ($3,516,220); See table 16. | 


Table 16.—Sulfur exported from the i 
Virgin Islands to foreign countries Table 17.—U.S. imports of sulfur: 
(Thousand long tons and thousand dollars) 


(Thousand long tons and thousand dollars) 


"m 1915 1976 Year Ἢ — — 
untry tity Value tity Value Quantity Value Quantity Value 
"RN" m us um € € 
Brazil a 18 774 22 937 1914 f 2180 51.124 pis πι 
Ray = „ 31 HT aa 661 195 ----- 189% — 70848 gi ea 
Ja nica Ξ 3 192 9 68 1976 (Ἢ 1,727 59,494 s. = er 
uth. Africa, 
Republic of 11 641 88 2.050 Crude sulfur or sulfur content. 
Total 57 3,172 72 3,516 
Table 18.—U.S. imports of elemental sulfur, by country 
(Thousand long tons and thousand dollars) 
1975 | 1976 
try Quantity Value Quantity Value 
RR ολ... 930 21,898 969 17,728 
Germany, „CCC eme e Mame (3) 38 (1) 
Γ᾽ 967 49,417 731 41,878 
Total -----------------------—-—- 1,897 70,848 1,727 59,494 


119090 than 1/2 unit. 
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WORLD REVIEW 


World production of sulfur decreased 
slightly in 1976. Following the pattern for 
the past several years, production of sulfur 
in all forms continued to exceed demand. 
World producers’ stocks increased more 
than 3 million tons, primarily in Canada 
where stocks increased about 2.5 million 
tons. 

Canada.—Production of sulfur in all 
forms totaled 7.2 million tons in 1976, down 
from 7.4 million tons in 1975. Recovered 
elemental sulfur produced at sour natural 
gas plants, refineries and tar-sand oper- 
ations represented 89%. Sulfur contained in 
byproduct sulfuric acid produced at nonfer- 
rous metal smelters accounted for the re- 
maining 1196. 

In 1976, 45 sour natural gas plants, 42 in 
Alberta, 2 in British Columbia, and 1 in 
Saskatchewan were operated with a com- 
bined capacity of 9.5 million tons. Pro- 
duction from smelter gases was 767,000 tons 
of contained sulfur in sulfuric acid, an 
increase of 1290 from 1975. Smelter gases 
wil continue to increase as a source of 
sulfur, likely doubling by 1985.3 

Production of sulfur from the Province of 
Alberta declined 296 to 6.3 million tons in 
1976. Shipments increased from 3.8 million 
tons to 3.9 million tons in 1976. Of these 
shipments 2.4 million tons was to offshore 
foreign markets other than the United 
States, up from 2.2 million tons in 1975. 
Producers' stocks rose to 18.5 million tons at 
the end of 1976 up from 16.1 million tons at 
the end of 1975. 

The value of marketed sulfur f.o.b. plant 
was $16.21 in December 1976 down from 
$19.24 in December 1975.* 

Α sulfur slating facility, with an annual 
capacity of 1.2 million tons, was opened by 
Shell Canada at the Waterton gas process- 
ing plant. 

The Athabasca tar sands in Alberta, Can- 
ada, have been estimated to contain 300 
million tons of economically exploitable re- 
serves of sulfur if the tar sands are mined 
by open pit techniques.* 

Cyprus.—Production of pyrite in Cyprus 


was 97,000 tons (sulfur content) in 1975, and 
about 98,000 tons in 1976, Exports in 1975 
were 98,000 tons. 

France.—Production of sulfuric acid in- 
creased about 8% in 1976. 

Production of sulfur from the sour natu- 
ral gas at the Lacq deposit has placed 
France among the major world sulfur pro- 
ducers. Annual production of 1.7 to 1.8 
million tons are from reserves of recover- 
en sulfur estimated at 60 million tons in 
1910,. 

Japan.—Capacity to produce recovered 
elementa] sulfur from imported oil increas- 
ed from 900,000 long tens in 197] to 1.9 
million tons in 1975. During the same pe- 
riod production increased fram 305,000 tons 
to 775,000 tons. Since demand for elemental 
sulfur is less than production, a storage 
problem has resulted which has created a 
problem for Japanese producers who are 
not permitted to store sulfur in bulk form. 
Therefore Japanese producers have been 
searching for export markets.’ 

Elemental sulfur recovered at petroleum 
refineries was 980,000 long tons in 1976. 
Sulfur content of pyrite and pyrrhotite ores 
and concentrates produced in 1976 was 
463,000 tons. 

Mexico.—Production of Frasch sulfur 
was 2.0 million tons in 1976 about the same 
as in 1975. Output of recovered elemental 
sulfur was 95,000 tons in 1976. 

Poland.—Exports of Polish sulfur to mar- 
ket economy countries increased slightly to 
about 1.6 million tons. Exports to the rest of 
the world increased about 2596 to 1.9 mil- 
lion tons, as European sulfuric acid markets 
improved. 

U.S.S.R.— Production of sulfuric acid in- 
creased about 896 to 19.7 million long tons. 


3Pearse, G. H. K., Sul hur, Canadian Mineral Survey, 
1916. February 1977, pp. 


*Energy Resources Conser Province of 
Albe . Summary of Monthly Statistics, Alberta 
Energy urce Industries. December 1976, p. 10. 

Sulphur (London). Canadian Tar Sands, Slower Pace of 


Development. No. 124, May-June 1976, pp. 28-83. 

Sulphur (London). SNPA’s eed Complex. No. 122, 
January-February 1976, pp. 35-40. 

"Sulphur (London). The Japanese S Sulphur Surplus. No. 
126, September-October 1976, 
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Table 19.—Sulfur: World production in all forms, by country and source 


(Thousand long tons) 
Country! and source? 1974 1975 1976P 
Algeria: 
1 πο amun, uuu ͥ w- 8 (3) T — 
Byproduct, petroleum and natural gas 15 10 10 
εκπομπών ĩ ot uE 115 10 10 
Argentina: 
, e παν LE ELE 25 10 *20 
Byproduct, all sources! 122 22 285 
ον e ³˙1—ðù ᷣͤ y r47 32 *45 
* 
μπαμ ουκ ώς ο μπω 106 104 109 
Byproduct 
Metallurgy®_______________-___~__ „ 1138 137 153 
e ß ß LU ee 10 
TODAS n ον o ο νε eL ³ m ο ο coh 1252 250 265 
Austria: 
Byproduct: 
etallürgy e d LE ME 7 8 
Petroleum and natural gassssss „ 15 17 18 
Spent e rgidſgagess ;! 1 s t 
ελ uei / ]Ü eal AA ³ mi E μας 26 28 23 
Totals i dd MEE US 49 53 49 
Bahamas: Byproduct, petroleum „ i 10 5 
Bahrain: Byproduct, petroleum ___ -.--------------------------------- 10 24 10 
Belgium: Byproduct, all sources?’ ..............-.-------.-----.-.------------------ 1219 193 239 
Bolivia" Native? __--------------------------------—- 41 22 15 
Botswana: Byproduct, metallurgy __ 4444„b 6 ie επ 
Brazil“ 10. Byproduct, petroleum ___ _ 4444ͤ4„4„„„ 9 19 °25 
Bulgaria: | 
Pynt” o uon nuc uL nc c uU Lc eee ee a 1105 11008 110 
Byproduct, all sources? _______________--------------- 7138 1140 153 
ΜΕ πμ ; 2243 1245 263 
k 20 10 15 
Byproduct: ee c EE 
etallufgy 223353 foo aa eee ee 1653 684 767 
Natural gat d ñ p ee 6840 τ 6,469 6,102 
Petroleum. nou meme rem G E 160 | 110 197 
Tayémnds uru u ³˙¹//ͥ/ ewe eee n LIE 95 84 98 
ji^) P P — κοιν 17,772 7, 417 7,179 
Chile“: 
Native: 
ed eu cc uec c E uL aut 7 5 16 
Caliche 2.22.22. ae aioe DC e 125 16 1 
Byproduct, metallurg y: : „„ 23 29 
J!!!!!n!!!.::: eee eee ae eet sees 155 47 46 
China, People's Republic of: | l | 
Native πι μα .⁵ LE ³ AAA CAL νο 130 190 150 
Pyrit ed cu LLL UM ILC "880 T880 885 
Byproduct, all sources 120 120 315 
N l suu Sua ³·¹1 ipt g: r1,130 11, 180 1.350 
Colombia 
C!öÜͤ—õßÿo. ³ y x IL 80 80 *30 
Byproduct, petroleum and natural gas - ......- - --- - -----.---------------- 3 9 9 
M ων ον ασ. 83 82 *32 
Cuba: 
Pnet - c ums esc dA ͥͥ AAA 20 20 20 
Byproduct, petroleum? _______._-------------------+-- 8 8 8 
Total zo ]]]! 8 128 128 28 


See footnotes at end of table. 
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Table 19.—Sulfur: World production in all forms, by country and source —Continued 


(Thousand long tons) 
Country! and source? 1974 1975 1976P 
Cyprus!! 13: Pyrite ................... T80 97 93 
Czechoslovakia 
Native. om ³ A ] A iL us eI 7 10 *10 
ML ⁵ ð DEL προ 17131 85 
Byproduct, all source2s „ 17 650 550 
TOU. o n dd c tese i LU LN T155 *126 *145 
Denmark: Byproduct, petroleum 5 9 10 
Ecuador: 
κ κλπ n...... 15 (13) 2 
Byproduct: 
Natural gasse r3 3 3 
J! ½%0]³¹Ü¾¹i y ed ri 1 1 
Total oral auaa LU rec Lun Mi M E TUE T9 4 6 
Egypt“ 19. Byproduct, petroleum and natural gas 3 4 5 
d: 
1117171; ⁰o· . A MeL (5) -- € 
la. πο πο ꝗ x A 335 r €327 *313 
Byproduct 
r a NRS 341 341 360 
Petroleum? ~- -----------------------------—-——-— 110 15 25 
Total* coo nl ο ͥͥͥͥ⁴ H νο "686 683 698 
France: Byproduct 
Náturalgas! . Ενας e 11 823 1,764 1,709 
Petroleum) ss cee eee eei 105 91 
Unspecified?! _____________________ ee 1140 107 143 
Tot οι AA] ⁊%¾³Ä . Lu LL E Το 068 1,962 1,939 
Germany, East 
ο με dd ee hee S 51 51 51 
Byproduct sources 343 349 364 
Toti uos ⅛ĩ ooõ1ʒrb dd e NE e 1400 406 421 
Germany, West 
Py | ocu xat. Aq 8 211 217 229 
Byproduct 
Mall ανά ως eee me T981 355 884 
Natural gas .— ⁵ðUiſ c. emen mac ms 7405 378 453 
, ß e E 159 112 117 
Unspecifigd 2 το yz. y deside peeled 1228 199 159 
Tul conte cla VA eee *1,284 1,261 1,342 
Greece: 
Pyle ECC eee F103 1973 e 19105 
Byproduct, petroleum? __________.___----------------- 3 8 3 
F“ U ee ee eee E 1106 76 108 
Hungary: 
) ³⁰ðↄ ⅛ ⁰⁰ μις 3 3 3 
By product, all sources 9 9 eg 
Total" —— secius e e eee eee ci 12 12 12 
India*: 
i. μαμα μηνα d iE RC eee 19 19 19 
Byproduct: 
Metallurgy: o uu ες e ooo cee 133 138 125 
F ³⁰oÜ1wſ AA ας eue uisi *6 6 7 
r Lo c EM LL LAE LI 152 163 151 


See footnotes at end of table. 
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Table 19.—Sulfur: World production in all forms, by country and source —Continued 


(Thousand long tons) 
Country! and source? 1974 1975 1976P 
Indonesia!5; Natitee 2 4 8 
Iranꝰ: 
1 õ³ĩ¹ . nA ³⁰ AAA EE zY 20 20 20 
Byproduct, petroleum and natural gases 595 467 393 
Total d a a 2 2 z 615 487 413 
ji uL ο ³ X ο Su 8 600 591 600 
Byproduct petroleum and natural gas 749 1108 64 
μι un hs . ¾˙ AA T Ke E LS 649 699 664 
Ireland: 
[ee u nS ον ον AA πε σσ ση 21 *32 *30 
— allsoufcég -— o oo lc x e 3) -- -- 
J’ ποπ πι Ai Sed ee p RENNES *32 *30 
Israel: 5 petroleum and natural gases !„⸗ 8 10 10 
Italy: 
Native )))) ⁵ð . ο μωρο παν 60 50 817 
Ports — ³ĩVW/ͥ o o mts 8 T506 416 368 
Byproduct, all sources 1210 225 196 
7 ³˙¹¹¹.] m dk A e cc 1776 691 601 
Japan: 
e . Lu DL ) (9) ps 
7//%õã ] ⁰⁰ km mv A 1616 530 468 
Byproduct 
Metall ee A er TT 8 71,397 1,145 1,162 
Petroleum” ss 1752 775 
(| —————— "————Á— — 12, 765 2.450 2.605 
Korea, North 
Pyrite d e κια αι uei mA 1240 7255 275 
Byproduct, metallurgy® - - „ 716 16 80 
jos LH —————————————'—À 1256 1271 805 
5 3 = JJ p Zam ³ ⁰ͥ⁰⁰¶⁰d k 8 (13) (13) (13) 
Byproduct: 
Metallurgy" τε. σος ως οὐ ⅛ðV A αν τος 15 20 22 
Petroleum" ος ο ſ 7 ολ . 8 YE 10 25 
Total «am c n sc a ισα ĩͤ . σας 115 30 47 
Kuwait: Byproduct, petroleum and natural gas------------------ 56 72 74 
Libya: Byproduct, petroleum and natural gad 20 20 20 
Mexico 
7 ⁰0AàA1A AAA eee eee ee ee 72,222 2,041 2,021 
Metallurgy ß mE imu αμ κα 164 89 95 
Petroleum and natural β88........---------------------------- 126 51 74 
MM ³o· nd uL LL uc 72,312 2,181 2,190 
Morocco: Pyrite ß e ee ee μα se 155 
Netherlands: B uct 
lll eect ee eue eee oma se 30 40 39 
,, ee LM LL eae 54 65 64 
f ——— 8 8⁴ 105 103 
Netherlands Antilles: Byproduct, petroleum ------------------- F115 86 93 


See footnotes at end of table. 
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Table 19.—Sulfur: World production in all forms, by country and source —Continued 


(Thousand long tons) 
Country! and source? | 1974 1915 1976 
Norway: | 
F G.. 309 229 178 
Byproduct: 
lll a pjpjab lll$ŠlsIJII II E p l p s s D UL 144 r39 40 
Petroleum® ________._________________ r3 15 7 
Total... nma ⁵ð⁵?ÜV᷑? • A 8 r356 218 *225 
Pakistan: | 
77AQ ⁰ ⅛¹⅛ũ ο Οπου eR M u ee 2 1 2 
Byproduct, all sources __ LL 22-22 c LLL ccc 222-2 12 12 12 
z ß p — 114 13 14 
Peru: Byproduct, all sourceeVs sss 19 16 16 
Philippines: Pyrite ⁵ð // ð½m. ] K m aues 75 74 102 
Poland“ 
κ ώμο ποσο μπω. "8,600 4,253 4,212 
77 E Aui rut LR as 428 448 541 
Byproduct: 
Metall Pitt A E A N E EE T223 226 281 
FCC e ee cl Le LLL SLE 123 25 25 
U ⁰˙˙¹⁴ſſ rae ee Sus. L eS I 52 54 54 
Total" ον: οὐ eui ⁰¹—ü¹r εί δε με ας τς 14,326 5,001 5,123 
Portugal: 
F izu nuce ομως a ITAL LEE M e 1218 197 178 
B uct: 
μον κος ποπ πινω πει 2 et 5] 
Pl! --- . e de 1 2 2 
Toul ο ες ος ⅛ͤ AAA AA ROC es 1221 5200 6181 
Rhodesia, Southern 
Ma o cc M πι Ls LM ⅛oWAA ð τμ RE as, 80 80 80 
Byproduct coal and/or metallurgy® - - - - - ----------------——- 2 2 3 
Toal c escena aaa r32 r32 33 
FV το ο ει οσο OUTRE σας 1370 1370 370 
Byproduct, all sources 184 T89 93 
Αι μπι πιο οσο μου μον ων 1454 1459 463 
Saudi Arabia: By product, petroleum and natural gas r3 r3 3 
Singapore: Byproduct, petroleuud nn: i 6 MEE 6 7 
South Africa, Republic of- 
r ee 225 256 333 
B uct: 
/// 2 eee ecc ticus r69 79 90 
Petroleum 22.20 ee ete a T28 25 27 
2 0. Tol uu iet c n 22 su ⁰ A E 2 I EU. 1922 360 450 
South-West Africa, Territory of: Pyrite zzz 4 4 4 
Spain: 
"p G p l su —XP ee 1,287 1,244 1,058 
2 ΓΙ 108 102 121 
))000ãͤã ²⁰ VA 
Petroleum® |... „„ JJ 2 2 4 
Lignite gasificatio n _ _ _ _ ο. οκ... ον 1 1 1 
7G ee ee πο Ri 11, 893 1,849 1,179 
CMM 215 208 - 208 
roduct: 
ÿ11˖;ĩ˙²˙ m % m ¹m; mv... 8 130 5128 5128 
Other πο ß a IL ELI 9 18 *13 
Total. cr κος ͥͥ tou ⁊ĩðͤ τος 8 T354 €344 €344 


See footnotes at end of table. 
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Table 19.—Sulfur: World production in all forms, by country and source —Continued 


(Thousand long tons) 
Country! and source? 


Switzerland: Byproduct, all sourc2?3? 3 
Syria: Byproduct, petroleum and natural gas 


Totals esos ee ek ⁵ĩð a ie 8 
Thailand: Byproduct, all source dd 
Trinidad and Tobago: Byproduct, petrol um 


Uruguay: Byproduct, petroleum _ -~ - - - ------------------------------------------ 
Venezuela: Byproduct, petroleum and natural gas: 


Byproduct, all sources ...--------------------------- 


See footnotes at end of table. 


1974 1975 1976" 
2 2 T 
(9) 1 5 
14 5 6 
4 5 3 
2 2 2 
110 12 11 
1 1 1 
129 48 54 
T19 19 21 
35 11 39 
44 60 68 
τρ 90 128 
2,360 2,460 2,460 
3,540 3,640 8,140 
1,870 1,970 2.070 
7,770 8,070 8,270 
58 re €49 
4 we EN 
64 72 76 
72 «60 910 
198 4180 9145 
7,901 7,211 6,264 
162 286 
654 767 942 
1,211 1,842 1,277 
1,421 627 1860 
70 75 77 
11,419 11,259 10,706 
(13) 2 2 
7107 81 89 
105 165 182 
1172 177 187 
4 5 5 
1281 847 974 
54 49 51 
29 7 9 
44 79 90 
173 86 99 
150,845 49,877 49,741 
714,823 14,096 13,157 
73,165 3,225 3,934 
710,220 9,950 9,905 
1 1 1 
14,715 4.612 5,017 
710,282 9,956 544 
Το 822 3,160 3,660 
95 84 98 
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Table 19.—Sulfur: World production in all forms, by country and source —Continued 


(Thousand long tons) 
Country! and source? 1974 1916 19165 
Byproduct: —Continued 
Petroleum and natural gas, undifferentiated__________ _ T900 846 767 
Spent ons euh r5 a c 
Unspecified sources 3 667 8,805 4,171 
GypSunm ß ete 2 2 dM aS 1150 142 87 


n addition to the countries listed, a number of nations may produce limited quantities of sulfur, either in the 
elemental state or as a compound (chiefly HsS or SOs), as a byproduct of petroleum and natural gas operations, and/or 
metallurgical operations, but output, if any, is not quantitatively reported, and no basis is available for the formulation of 
reliable estimates of output levels. Countries not listed in the body of the table which may have byproduct sulfur recovery 
from oil refining include: Albania, Bangladesh, Brunei, Burma, Costa Rica, Guatemala, Honduras, Jamaica, Malaysia, 
Nicaragua, Paraguay, People's Democratic Republic of Yemen, and Sri Lanka. Albania and Burma may also produce 
byproduct sulfur from crude oil and natural gas extractions. No complete listing of other nations which may produce 
byproduct sulfur in any form from metallurgical operations (including processing of coal for metallurgical use) can be 
compiled, but the total of such output is considered as small. Nations listed in the table which may have production from 
sources other than those listed are identified by individual footnotes. 

The term "source" reflects both the means of collecting sulfur and the type of raw material. Sources listed include the 
following: 1) Frasch recovery; 2) native, comprising all production of elemental sulfur by traditional mining methods 
(thereby excluding Frasch process recovery); 3) pyrite (whether or not the sulfur is recovered in the elemental form or as 
acid); 4) byproduct recovery, either as elemental sulfur or as sulfur compounds (chiefly H3S and H3SO,) from a) coal 
gasification, b) metallurgical operations including associated coal processing, c) crude oil extraction, d) natural 
extraction, e) petroleum refining, f) tar sand cleaning, g) proceesing of spent oxide from stack-gas scrubbers; and 5) 
recovery from the processing of mined um. Recovery of sulfur in the form of sulfuric acid from artificial gypsum 
produced as a byproduct of phosphatic fertilizer production is excluded because to include it would result in double 
counting. It should be noted that production of Frasch sulfur, other native sulfur, pyrite derived sulfur, mined gypsum 
derived sulfur, byproduct sulfur from extraction of crude oil and natural gas, and recovery from tar sands are all credited 
to the count or origin of the extracted raw material; in contrast, ud pede recovery from metallurgical operations, 
petroleum eries, and spent oxides are credited to the nation where the recovery takes place, which in some instances 
18 not the original source country of the crude product from which the sulfur is extracted. 

*Revised to zero. 

‘In addition may produce limited quantities of byproduct sulfur from natural gas. 

5Excluding sulfur content of auriferous pyrites, for which data are not available. 

* Excluding sulfur recovered, if any, from processing copper concentrates. 

Includes the following quantities recovered in elemental form in thousand long tons: 1974—26; 1975—24; 1976—59. 

*In addition, may produce limited quantities of byproduct sulfur from crude oil and natural gas and/or from 


petroleum refining. 
Ex 


Ii Data represent only the sulfur content of pyrite and pyrite sands produced. and for 1975 excludes relatively small 

iti of sulfur content of pyrite sands produced by Kampia Mines Ltd. from copper-zinc-iron sulfide ore; additional 
substantial quantities of sulfur are contained in copper concentrates exported for processing to metal , but are not 
reported under Cyprus because recovery of sulfur from such ores is presumably included among byproduct metallurgical 
recovery in the nations processing such concentrates. 

13]ῃ addition, may produce limited quantities of byproduct sulfur from oil refining. 

131049 than 1/2 unit. 

1e Data appearing under this heading in previous editions of this table are not native sulfur, but rather are elemental 
byproduct sulfur derived from metallurgical operations and as such have been included with byproduct metallurgical 
output. 

Tsglemental T prone recovered sulfur only; sulfur recovered as SOs, H2S and/or other compounds are included 
under unspecified. 

16Comprises all byproduct sulfur recovered in the form of compounds including that, if any, recovered from petroleum 
and natural gas operations, as well as total recovery from metallurgical operations. 

V'Official East German sources record the production of elemental sulfur as follows in thousand long tons: 1974—88; 
1975—84; 1976—78. Presumably the differences between these figures and quantities listed in the body of the table 
represent recovery in the form of compounds. 

15[ncludes only the elemental sulfur equivalent of sulfuric acid produced as a byproduct from metallurgical furnaces; 
additional output may be included under undifferentiated. 

15 Figure represents pyrite concentrate production; may exclude small quantities of direct-shipping grade pyrite ores. 

Includes recovery from gypsum, if any. 

21Presumably includes sulfur recovered from coals processed to coke at metallurgical facilities, and excludes sulfur, if 
any, recovered by metallurgical facilities in elemental form. 

cludes sulfur recovered in the form of acid from coal, heavy oil and other unspecified sources, as well as sulfur, if 
any, recovered by metallurgical facilities in elemental form. 
icial Polish sources report the nation's total mined elemental sulfur output annually; this figure has been divided 
between Frasch and other native sulfur on the basis of information obtained from 5 sources. Therefore, 
although both of these number are estimates, their total is not an estimate. Estimates for production of byproduct and 
me conve sulfur are based on officially published data on sulfuric acid preduction and additional information from 
unofficial sources. 

?*Estimates reported under the heading "Metallurgy" represent byproduct recovery in the form of compounds 
(pri cipaliy sulfuric acid) from all sources (including and fertilizer plants); estimates reported under the neang 
: eum" 5 only elemental sulfur recovery from petroleum, with any recovery in the form of compo 
included under the heading "Metallurgy." 

35Elemental sulfur only. 
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Table 20.— World production of pyrites, by country 
(Gross weight, thousand long tons) 
Country! 1974 1975 1976P 
North America: 
I ß πο p ML 148 21 30 
Cuba necu G goa ᷣ ͤ y y 50 50 50 
United Stats 424 625 750 
rope: 
Bulgaria? ___________________________ ἹἹ.... 1240 1240 252 
Sehe echec ες Πω z ceteri 291 147 *187 
πια ο μυών ⁵ðV.;ĩ μμ E 8 710 707 663 
Germany, Easũ „ 140 140 140 
Germany, Weũe!! „„ 470 485 482 
Groote cca M TuS RM C EUN 1229 2162 © 3234 
f ο ο κάλπες ⁰⁰⁰⁰⁰ d 88 7 7 7 
κ μα ³˙ mm q 0mu. m; Ac LE 56 69 64 
Nola eec M PE ³ hꝗdmn d E E 1,150 946 837 
Norway cuo a y οι κοκ Le 1648 468 362 
C))! õͤõͤõͤͤͤͤ ͥͥ ͥͥͥͥ⁹Ü¹ͥ fd y 8 503 455 410 
Romania? 2o ³Ü¹ ⁰ vyd read un AP tee Am. T860 T860 860 
PA en SM METEO yy mm; ⁰yds an PEE ECM 2,182 2,692 2,312 
ο μαμα eee 88 418 407 398 
j; ⁰¹1 or ͤ K RI ee 7, 600 7, 800 8,000 
Yugoslavia. 6 nu Lu Emm cmm mE mM EIE mui sw 251 893 433 
Africa: — 
Algora ß d ($) τα ΚΞ 
/ Leer Lp UA καν Be oe es tA CLE 501 201 75 
Rhodesia, Southernn!nn]⏑nnss „„ 74 74 74 
South Africa, Republic ohe 562 640 832 
South-West Africa, Territory of ...........--------------.-------------------- 9 9 9 
CJ1Ü·Üà¹ ð :: x ĩ é. ĩ . ee s 2 = 70 19 23 
Asia: 
China, People's Republic oa „ ,000 2,000 2,000 
CVDIUN πο um T ua ³˙Ü¹WmW] ⁰ꝗqyd Aie eeu kt e 1175 3202 195 
III ⁰˙wüm LC LS E 35 50 51 
Japan S ulum ⁰ͤ̃ .! ...... y Mae e 11,265 1,079 943 
ehh ³ he 5 0 690 
Korea, Republic oTTTfr᷑ „„ 2 2 
Philippines: sede uec mercium d a IE 162 159 228 
ει παρομοιο Dr uA EM M ος 111 14 9 
λα πιο ⅛˙ mm mw. mw αμεσα 75 23 83 
Oceania: Australia dd]... „„ 221 221 218 
Total: 3e A 8 722,639 22,007 21,898 


PPreliminary. 


*Estimate. "Revised. 
1In addition to the countries ΘΕ Chile produces a small quantity οἵ byproduct pyrite, but insufficient data exists for 


the formulation of reliable estimates of gross production. 
3Sold or used by producers. 


(May exclude small quantities of direct-shipping grade pyrite ore. 


to zero. 


5Excludes relatively small quantity of pyrite sands produced by Kampia Mines, Ltd., from copper-zinc-iron sulfide ore. 
*Excludes preduction of auriferous pyrites, which is not available. 


TECHNOLOGY 


Polish sulfur deposits have been geologi- 
cally classified as evaporite deposits, result- 
ing from the concentration and deposition 
of marine salts by evaporation in shallow 
bays. Most geologists consider the sulfur to 
have been formed epigenetically, by alter- 
ation of sulfate rocks in the presence of 
bitumen.* 

Laboratory tests were made on borehole 
samples from the Mishraq sulfur deposit to 
determine the effects on sulfur extraction 
by different hydraulic parameters and to 
determine a technique to estimate sulfur 
recovery.“ 

A number of processes are being tried to 


pelletize sulfur for shipment to avoid dust 
loss, and reduce risk of fire or explosions. 
One process involving water quenching to 
produce spherical pellets is being pilot test- 
ed in Canada. A process to form sulfur prills 
by air quenching has been developed in 
Poland. 


*Slizowski, Kayimiez. The Polish Sulphur Ind 
Rad (London), No. 122, January-February 1976, pp. 


*Featherstone, 1 Ps and A. M. AlSamarrie. Mishraq 
Sulphur Deposit, Hydrodynamic Effects of Sulphur Ex. 
traction: Sulphur Recovery Prediction. Sulphur (London), 
No. 124, May-June 1976, pp. 20-24. 

ka, Halina. Sulphur F -the Polish 
ο Sulphur (London), Νο. 123, March-April 1976, 
pp. 44-46. 
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Work under a cost sharing agreement 
with the Bureau of Mines was initiated by 
St. Joe Minerals Corp. to demonstrate the 
citrate process SO, removal system at a coal 
burning powerplant. A study was made to 
evaluate the potential marketing of abate- 
ment acid and sulfur from fossil-fuel-fired 
powerplant sources.!! 

Α method was demonstrated to recover 
sulfur from stack gases by scrubbing with 
ammonia liquor followed by conversion to 
elemental sulfur and ammonia for 
recycli 

Sulfur dioxide emissions at Japanese cop- 
per smelters is recovered as readily market- 
able products such as sulfuric acid, gypsum, 
and sodium salts.'* 

Several processes for removal of sulfur 
oxides from waste gases were selected for 
review and evaluation οἵ status. 

The substitution of sulfur for asphalt in 
road paving has been tested in several 
countries. Test sections constructed in roads 
and highways have indicated use of up to 
13% sulfur in asphaltic paving provides an 
acceptable surface. 

Sulfur was added to improve compres- 
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sion, flexural, and tensile strength of 
concretes.!* 

A sulfur coating material was applied to a 
variety of surfaces such as concrete, earth, 
and wood. Tests indicate improved resist- 
ance to corrosion and damage due to winter 
temperatures. 


11Bucy, J. I., J. L. Nevins, P. A. Corrigan, and A. G. 
Melicks. Potential Utilization of Controlled SO, Emissions 
from Power Plants in Eastern United States. Pres. at Sixth 
Flue Gas Desulfurization Symposium, New Orleans, La. 
Mar. 8-11, s 52 pp. 

i and Mining Journal. SOs Clean up ET 
enne t e System Chase. V. 177, No. 12, December 1976, p. 

Rosenbaum, J. B., Masami Hayashi, and G. M. Potter. 
Sulfur Dioxide Emission Controls in Japanese Copper 
Smelters. BuMines IC 8701, 1976, 15 pp. 

I*Stack, A. V. Flue Gas Desulfurization: An Overview. 
Chem. ra mag Process., v. 72, No. 8, 1976, pp 94-97. 

the Sulfur C (London). SVDIC: A Canadian nse to 
ur Challenge. No. 122, January-February 1976, pp. 


τ ολα Week. Paving the Way to New Markets. V. 
119, No. 6, Aug. 11, 1976, p. 20. 
eering News Record. Cost-Cutting Sulfur Pave- 
ον. Inroads. V. 197, Νο. 14, September 30, 1976, 
PP 
léSullivan, T. A., and W. C. McBee. Development and 
Testing of Superior Sulfur Concretes. BuMines RI 8160, 


1976, 30 pp. 
17Canadian Mining Journal. SuCoat Test at Cominco. V. 
97, No. 10, 1976, p. 73. 
Sulphur (London). Sulphur  Coetings. No. 126, 


September-October 1976, pp. 44-45. 
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Talc and Pyrophyllite 


by Robert A. Clifton! 


The partial recovery from the economic 
recession of 1975 gave rise to a 1396 increase 
in total domestic production of talc and 
pyrophyllite. Domestic production of both 
talc and pyrophyllite increased: world pro- 
duction of both was up 10%. Soapstone data 
is included with that of talc. 

The apparent 9096 increase in value of 
the talc minerals sold is due more to statis- 
tical technique changes than to market 
changes. Ápparent consumption decreased 
11%. 


The Johns-Manville Corp. closed both its 
Los Angeles mill and its Warm Springs, 
Calif, mine. This corporation also 
announced the start of production at a talc 
mine near Timmins, Ontario, Canada. 

Cyprus Industrial Minerals Co. restruc- 
tured its operations into two separate divi- 
sions, talc and clay, and named an executive 
vice-president to head each. Tredmont, Inc., 
purchased the Boren and Harvey pyrophyl- 


1Physical scientist, Division of Nonmetallic Minerals. 


Table 1.—Salient talc and pyrophyllite statistics 
(Thousand short tons and thousand dollars) 


1972 1973 1974 1975 1976 
United States: 
ine production 
Tat cau W W 1,183 873 W 
Pyrophylite _ _ _ _ _ ------ W W 106 92 W 
TOUR] το · eR Lo e 1,107 1,247 1,289 τους 1,092 
Value 
Tale non 88 W W $8,022 $7,454 $9,542 
Pyrophyllit _ _ W W 1,547 1,475 860 
TOAL ο τας oe ee uw on A $7,835 $9,144 9,569 τα 929 9,902 
Sold by prod 
P 994 1,07 845 794 
Pyrophyllite ------------------- 90 113 101 86 107 
Total τς ĩ˙i¹¹1ꝛf ⁰ mꝛↄꝛ ĩ³—A 1.084 1.184 1.064 T931 901 
Value: 
Talc U: Meee oR er rp ĩ 8 $32,478 $30,751 $31,125 $16,496 $33,014 
Pyrophyllite ........-------- - ο ως 1,236 1,469 1,474 1,379 984 
TOUR. un a ανά s 83,709 82,226 82,599 r17, $ Ba 83,948 
Ex xis ο οπου AA L? 171 180 183 212 
δικια Mp SEU CUP αὐ ΤΡ 185 $6,338 $004 
import VV $1669 1688 83223 314% 31.851 
Apparent consumption 942 1.027 911 796 709 
World: Production 5,324 5,957 16, 406 5, 385 5,944 


fRevised. W Withheld to avoid disclosing individual company confidential data. 
1Excludes powders—talcum (in package), fece, and compact. 
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no properties in North Carolina late in 

Legislation and Government  Pro- 
grams.—Congress enacted Public Law 94- 
420 effective in September 1976, which 
closed Death Valley National Monument, 
among others, to mineral entry and loca- 
tion, imposed a 4-year moratorium on min- 
eral exploration and development, and re- 
stricted surface disturbance to those areas 
where minerals had been extracted prior to 
February 29, 1976. Continued extraction 
was limited to the average annual rate of 
1978, 1974, and 1975. 

The General Services Administration re- 
ported that the national stockpile inventory 
of talc consisted of 1,119 short tons of 
steatite, block or lump, and 2,916 short tons 
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of ground steatite. This represented a 30-ton 
drop in the block inventory and a static 
powder inventory. The block steatite was 
sold for $290 per ton. 

The Office of Minerals Exploration, Geo- 
logical Survey, offered to grant loans of up 
to 50% of approved exploration costs for 
eligible deposits of block steatite talc, but no 
loans for that purpose were made in 1976. 
The allowable depletion rates for talc, 
established by the Tax Reform Act of 1969 
and unchanged through 1976, were 2296 on 
production of block steatite talc of domestic 
origin and 1446 on foreign production of the 
same material, which rate applied also to 
production of all other classes of talc from 
all sources. 


DOMESTIC PRODUCTION 


Talc.—Production from United States 
talc mines in 1976 was up over that of 1975 
but still below that of the record high 
established in 1974. The value of the mine 
production, however, established a new re- 
cord dollar high, 19% over the 1974 high. 

Talc (including soapstone) was produced 
at 36 mines in 12 States in 1976, with 
California having by far the largest number 
of active mines at 10. Mines in four States 
produced 90% of the tonnage and 75% of 
the value of talc in 1976, and the production 
in eight other States accounted for the rest. 
The highest producing States in decreasing 
order are Vermont, Montana, New York, 
and Texas. Montana led all the States in the 
value of the talc preduced. Every State, 
with the exception of Nevada, that mined 
talc had one or more mills to process the 
ore. 

The seven largest domestic producers of 
talc in 1976, listed alphabetically, were 
Cyprus Industrial Minerals Co., with mines 
in California, Montana, and Texas; Eastern 
Magnesia Talc Co. in Vermont; Pfizer Inc., 
Minerals, Pigments & Metals Div., in Cali- 


fornia and Montana; Southern Clay Pro- 
ducts, Inc., in Texas; R. T. Vanderbilt Co., 
Inc., in New York; and Windsor Minerals, 
Inc., in Vermont. Those firms supplied 96% 
of the 1976 tonnage, and the combined 
output of about 15 smaller producers made 
up the remainder. 

Pyrophyllite.—Pyrophyllite is a natural 
hydrous aluminum silicate whose empirical 
chemical formula is AlsSi,0;(OH),. Because 
of some properties similar to talc, some 
shared markets, and a degree of substituta- 
bility, it has long been associated with this 
mineral and some of the data concerning 
both is obscured by the combination of the 
two. The end uses of the twominerals are 
showing some divergence because of their 
differing chemistry and high temperature 
characteristics. 

Pyrophyllite production in 1976 was ab- 
ove that of 1975 and established a new 
record high year. The lack of production at 
the Interpace Corp.’s mine in California left 
North Carolina as the only State producing 
pyrophyllite in 1976. Four companies oper- 
ated six mines during the year. 
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Table 2.—Talc and pyrophyllite produced in the United States, by State 
(Short tons and thousand dollars) 


State San O . 
Quantity Value Quantity Value 
— U X A! . ΕΗ. — = vaue 
California (tal)... 152,978 1.598 56,871 1,513 
Georgia (talc) ........... . 7 21,400 82 W W 
Montana EU d v 8 W 224,158 2,960 
North Carolina? ______________. 95,575 11,605 113,754 1,087 
Texas (tal) 129,626 795 199,663 1,071 
Vermont(talo )) ,978 1,918 252,371 1,685 
Other States“ (talc) __ . 8 328,057 2,931 245,021 1,586 
TOR e ere ELEM Lx a Le tm oh UE 1964, 609 18,929 1,092,488 9,902 
"Revised. W Withheld to avoid disclosing individual company confidential data. 
Tale and pyrophyllite produced. 


"Includes Alabama (1976), Arkansas, Georgia (1976), Montana (1975), Nevada, New York, Oregon, Virginia, and 


ashington. 


CONSUMPTION AND USES 


The apparent domestic consumption of 
talc and pyrophyllite in 1976 decreased 11% 
from that in 1975 and was just 6995 of the 
1918 record high. The $34 million sales 
value was a new record high. 

The 1976 end-use distribution showed 
33% of the ground talc used in ceramics, 
24% in paint, about 8% each in paper and 


plastics, 796 in roofing, more than 596 in 
cosmetics, 3% in insecticides, 2% in rubber, 
1% in refractories, and the remainder in 
other uses. 

The largest portion (50%) of pyrophyllite 
was used in refractories, 2060 in ceramics, 
16% in insecticides, and 14% in other uses. 


Table 3.—End uses for ground talc and pyrophyllite, 1976 


(Short tons) 

Use Talc Pyrophyllite Total 
Cerami nn πω μα ο A AAA E E E 258,840 21,478 280,318 

COMI ot SSS ])  l—gjla,Urvyl1EoA A s 36,788 86, 

meet 23, 268 17,100 40, 
CC/!C»öÜê ag ß EO a 188,952 2,149 191,101 
1˙iꝗĩ15Üi]] «7¼m;l ꝙ́dꝙꝙdꝙd ß 8 60,212 "v 60,212 
Cb ³ͤQ—A—A ³oÜwd m er 59,767 n 59,161 
Refractories co ee ß diee ui cis οι η ο 
naui i cioe ο ο 5 ο a E PES ,443 289 18,682 
J ⅛5mw? . ð : LL 8 86,298 12,326 98,624 
Τον ́⁵ P ⁵ↄ² ͥ loe eL Tu 8 793, 756 107, 300 901,056 


‘Incomplete data. Some cosmetic talc known to be included in “Other.” 
3Includes art sculpture, asphalt filler, crayons, floor tile, foundry facings, rice polishing, stucco, and other uses not 


specified. 
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PRICES 


Engineering and Mining Journal, Decem- 
ber 1976, quoted prices for domestic talc, 


ground, in carload lots, f.o.b. mine or mill, California: 
ο” included, per short ton, as fol- Fibrous Rite, high ο. N 
| ail abeorption “aa RN E 1 
Vermon [Ride er ‘Ultrafine grind, fob mill 7 
98% through 325 mesh, bulk _ _ _ _ ; ew York: 
99.99% through 325 mesh, bags: n M oem esh 46.50- 50.50 
Dry processed — — —— -——- 15.00- 84.00 09.1% theeigh 825 wen 55.50 
εν. penatieisted ο 122.00-140.00 retained on 325 men 105.00 
96% through 200 mesh _______ 86.00- 38.00 Fine micron talcs (origin not 
98 to 99.25% through 325 mesh _ _ 4800 Specified) ----------------- 68.00-111.50 
100% through 325 mesh, . : . 

, fluid energy ground 15.00-105.00 The approximate equivalents, in dollars 
Standard |... 00 69.50 Per short ton, of the price ranges quoted in 
Fractionated _____________ 90- 71.00 Industrial Minerals (London), December 
αμ --------------  902001040 1976, for steatite talc, c.i.f., main European 

: port, were as follows: 
% through 200 mesh _______ 20.00 
% through 325 me 35.00 
100% through 325 mesh, N ian: 
fluid energy ground -------- 85.00 round (ex store) .00-$47.00 
Am Paint d Coatings J al French, fine EUNT a 600-196 00 
erican Paint an ournal, ‘Trench, ine ground ------------ ] 
January 3, 1977, listed the following prices JJV 
FOREIGN TRADE 


Exports.— The quantity of talc exported 
from the United States during 1976 exceed- 
ed that of 1975 by 34% and that of the 
previous record high year (1974) by 16%. 
The value of the exports exceeded that of 
1975 by 43% and that of the previous record 
high year (1974) by 35%. 

Mexico was the destination of 55% of the 
exports at an average value of $18.21 per 
ton. Canada's 1996 of the exports averaged 
$64.78 per ton; Belgium's 1096, $52.12 per 
ton; Japan's 696, $54.70 per ton; and Venez- 
uela's 8%, $128.92 per ton. The remaining 
7% went to 51 countries. The average value 
of all exports was $42.54 per ton. 


per ton for paint-grade talcs in carload lots: 


Imports.—The quantity of talc imported 
for consumption continued to decline from 
the 1974 high. The 1976 imports were 87% 
of those in 1975 and 67% of those in 1974. 
The value of the 1976 imports, however, 


rese 27% over that of 1975. 
Table 4.—U.S. exports of talc, crude and 
ground 
(Thousand short tons and thousand dollars) 

Year Quantity Value 
1974______________ 183 6,711 
CJ E ER 158 6,338 
1976______________ 212 9,034 


TALC AND PYROPHYLLITE 


Table 5.—U.S. imports for consumption of talc, by class and country 


Ground, washed, 


Crude and Cut and ο 
—S unground E 1 E sawed unmanufactured 
titiy Value Quantity Value Quantity Value Quantity Value! 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) san tons) san tons) sands tons) sands) 
V!!! EA EA 21,592 $1,095 7,857 $541 803 $597 30,252 $2,233 
m. 
ustralia___________ P -- ae -- (3) (2) (2) (2) 
J 3,447 76 233 174 5 2 6,685 252 
d ce 7 W SECUN Io 4,43 110 ,802 170 6 » : s = 
Hong Kong EM NE E n 29 19 29 19 
IO 2: 7 1. 5 FE j 
UE „% E 6,063 416 356 72 zi as 6419 548 
Korea, Republic of _ _ _ _ _ E RN 559 68 121 79 686 147 
United Kingdom (2) 1 = eU ΜΗ ge (2) 1 
Total 13,942 663 9,004 494 432 314 23, 378 1,471 
1976: 
1 F 
Luxembourg -- - 11 6 ER - 17 6 
Canada 9d TAA 3,840 92 2,873 105 6 3 6,719 200 
Finland T "e 4 ) ESMA ἘΝ 4 
France . _ m = 592 54 He e 592 54 
Hong Kong N. ἘΞ ος sa 218 119 218 119 
Ἱ.. - 28 1 1 B8 o 
PH]. A zr: — αυ XT 
Ita)! 10,913 926 287 57 NR = 11,200 988 
: apan _____________ 5 E 67 8 246 208 155 216 
en ya goes m m ES 1 
Korea, Republic of _ _ _ _ _ 55 8 505 54 244 150 804 207 
Netherlands 8 E- E 2 1 He 2 : I 
nited Kingdom 2. __ 38 3 n 2 33 3 
Totaal 14,814 1,023 4,540 357 717 481 20,071 1.861 


Does not include tale, n. s. p. f.; 1974-3224, 375; 1975-3198, 090; 1976-3302, 455. 


ess than 1/2 unit. 


WORLD REVIEW 


Australia.—Roughly half of Australia's 
talc preduction comes from the open pit 
mine of Three Springs Talc, Pty. Ltd., near 
the town of Three Springs about 211 miles 
north of Perth. Drilling and blasting give a 
product that has a ratio of waste and 
substandard talc to the first grade talc of 
about 4.5:1. The company has a 220-short- 
ton-per-day treatment plant. 

Canada.—Canadian Johns-Manville 
Corp. brought onstream Canada's fourth 
talc mining operation in July. The mine is 
located in Penhorwood Township, 45 miles 
southwest of Timmins in Northern Ontario. 
It will have an estimated capacity of 20,000 
to 30,000 tons per year and the ore will be 
flotation concentrated at mine-site. Drying 
and milling will occur at a facility in Tim- 
mins. 

China, People's Republic of.—China's ex- 
ports of talc nearly tripled in the 10-year 


period 1965-74 from 91,000 to 259,000 short 
tons. The value of these exports more than 
quadrupled in those years from $2.4 to $11.1 
million. 

Finland.—A  talc-magnesite deposit at 
Polvijarvi, 15 miles from Outokumpu in 
Eastern Finland, will be exploited in a joint 
venture by Oy Lohja A. B. and Outokumpu 
Oy. The ore, 60% talc, 40% magnesite, and 
0.18% nickel, will be processed by flotation 
for separation of the talc and nickel constit- 
uents. The talc plant, scheduled for August 
1977 startup, will be near the town of 
Joensuu. Initial capacity is planned to be 
150,000 tons per year of micronized talc of 
90% brightness for the Scandinavian paper 
industry. 

India.—The Indian Bureau of Mines re- 
ported that of the 15 million tons of talc 
reserves in the country, 55% are in Maha- 
rashtra and 42% in Rajasthan. The paper 
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Table 6.—Talc, soapstone, and pyrophyllite: World production by country 


(Short tons) 
Country! 1974 1975 1976P 
North America: 
Canada (shipments) ___________________________ 2 94,7 46 η 1 212 
Ulixe το το e F ; I 
Sou Am eri ales ------------------------------------ 1,289,502 , 1,092,438 
a a / ³ꝛ AAA eel te 44,721 38,581 | 
Brazil (talc and pyrophyllite) __._______________________ 221,767 248 20000 
P EN M CMM 1,856 524 149 
Colombia P11 e) p 882 1,102 °1,100 
Paraguay ες τὰ ꝶ50m:m St 8 276 280 154 
Peru (talc and pyrophyllite)___—------------—--------__ 15,191 r 15,400 *15,400 
I AS ος s s ð ß ae 1,398 1,898 
Europe: 
CJ; aa AA E e LR AE 108,511 95,363 116,458 
Finland — — οκ ⁰ͥydm v y Mts i 141,392 136,973 721 
France (ground tal) LLL 328,852 ,800 9,634 
Germany, West (marketable)__________________________ 31,429 *33,000 *33,000 
Greece (steatite·-eꝛꝛꝛꝛ7ꝛ7ꝛꝛ LLL LLL LLL LLL LLL Loc 4,162 6,460 *6,600 
Huh 8! 17, 600 17,600 7,600 
Italy (talc and steatite -2 LL 170,819 158,823 169,575 
OFWBy S c LL ecu dt . A Era 124,590 115,785 *110,000 
)))) SL eec sss 1,091 1,781 1,268 
ROMANIA? ο ο ee 8 ,000 66,000 66,000 
SDAIn ccc i Lic 8 760,614 52,159 °55,000 
Sweden ξ-------------------------------------- 81,310 26,286 22,046 
CP“. ο usu eue eee 450,000 460,000 485,000 
United Kingdom ___ 8 122, 708 21,054 000 
Africa: 
Angola μα κοκ ο nue s apssyaa- Re Lir Coe 110 110 110 
ΕΣΡ. Scans a (ß... 8 ss 2055 6,213 
))) ο ------- 19,951 17,657 14,135 
CoC ð e uic Le ue r y es a dE 5,512 5,500 5, 
Swaziland (pyrophyllitee7)77)))ſ))))) 40 he -- 
d Zambia — PC tT καν ανν 152 181 117 
7 ⁵ð2üü ³ðÄ y ER 3.307 6,945 9,574 
)! ο ĩ ER 464 383 462 
China, People’s Republic ohhh "330,000 300,000 330,000 
) ⁵ↄ VA ος 7940,13 220,981 266,459 
re ma o EL ο ⁰⁰ydßs 8 1,734,878 1,818,489 1,482,875 
Korea, North” ³˙i».]' ³˙Üd eet dv LE 180, 40,000 140,000 
Keres Republic of (talc and pyrophyllite) ..........-------.-.---------.---. 481 ,422 547,262 
ο κώμα a Ee GER RN OI ³ κ κκ 8 571 57 
(talc and soapstone) _ __ 22-22-2222 ---- -..--.-- 7,776 3,921 4,807 
ce RES 2,512 1,479 51.650 
1C7//%ê˙ꝙ: cue a La y y e us 14,900 8,283 17,065 
Thailand (talc and pyrophyllite 22 1,982 11,736 *11,000 
Oceania: Australia _____.__-__---------~-------------- 88,005 90,816 *88,000 
Totals c x a λα οσα lue uu e 6,405,554 5,885,458 5,943,665 
*Estimate. Preliminary. 


r Revised. 
iin addition to the countries listed, Southern Rhodesia is believed to produce talc, but available information is 


inadequate to make reliable estimates of output levels. 
*Includes talc and wonderstone (pyrophyllite). 
3Data are for calendar year beginning 
*Includes talc and Nopal 

1915--489.8δ1, 1976—Not available. 


March 20 of that stated. 
hyllite; in addition, pyrophyllite clay is produced as follows in short tons: 1974—-466,080; 


5Data based on Nepalese fiscal year, beginning mid-July of year stated. 


industry uses 58% of the domestic consump- 
tion; insecticides and pesticides, 3096; cos- 
metics, 5%; and ceramics, 3%. 

Japan.—The Japanese refractories in- 
dustry consumed 380,000 short tons of pyro- 
phyllite (including some diaspore) in 1965 
and had increases practically every year 
until it reached 771,000 short tons in 1973, 
the peak year. The next 2 years saw a 
decline in consumption with just 558,000 
short tons used in 1975. 

Japanese imports of talc were 329,603 
short tons in 1974 and 260,359 short tons in 
1975. The People’s Republic of China was by 


far the biggest supplier with 53% of the 2- 
year total. 

Spain.—Spanish apparent consumption 
of talc grew dramatically in 1974. Domestic 
production, a nominal 40,000 tons per year, 
rose to 61,000 tons that year and imports 
doubled from 5,000 to 10,000 tons. Talc is 
produced near Bonar in Leon Province, 
around Figueras in Gerona Province, and 
near Fuengirola in Malaga Province. 

Turkey.—Reported mineral reserves 
found in Eskisehir Province of Turkey in- 
clude 400,000 tons of talc. 
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TECHNOLOGY 


The existence at Pambula in Southeast- 
ern Australia of a pyrophyllite deposit with 
an inferred 30 million short tons of ore 
belonging to Pyrophyllite Corp. Ltd., has 
prompted the Australian Commonwealth 
Scientific and Industrial Research Organi- 
zation (CSIRO) to initiate market develop- 
ment research. The CSIRO reported that 
experimental pyrophyllite bricks lining 
steel production ladles have doubled the 
pour life for such bricks. Pyrophyllite and 
zircon bricks tripled the pour life. CSIRO 
scientists say that the addition of pyrophyl- 
lite to road surfacing materials not only 
toughens the surface and extends the useful 
life of the materials, but imparts a soft glow 
to the surface, making night driving safer. 

Alfred University's Research Foundation 
was the recipient of a grant from Windsor 
Minerals, Inc. The research covered by the 
grant is aimed at reclamation and utiliza- 
tion of talc mining waste residues. 

The Cosmetic, Toiletry and Fragrance 
Association announced an industry-wide 
review of cosmetic product ingredients. The 
multi-year project will gather health effects 


data for presentation to the Food and Drug . 
Administration. 

An international trade magazine? report- 
ed that talc filler is upgrading the proper- 
ties of engineering plastics in several areas. 
Talc-filled polypropylene in new “esthetic” 
grades that overcome the former limita- 
tions of whitening and dull appearance are 
now available. They retain the desirable 
properties of higher stiffness and better 
resistance to warping and sink marks that 
characterized the older talc-filled polypro- 
pylene. 

Cyprus Mines Corp. patented its process 
for separating molybdenum and talc. In this 
process the talc is depressed and higher 
concentrations of molybdenum recovered. A 
high energy using oxidizing roast of the ore 
was eliminated using the new process. 

The Joseph Dixon Crucible Co. is now 
producing processed soapstone for use by 
welders. The pressed talc soapstone, formed 
in either flat, round or square crayons, is 
uniform without the hard spots or flaws of 
the natural product and is less brittle. 


2Modern Plastics International. V. 13, No. 10, October 
1976, pp. 13-14. 
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Thorium 


By Martha L. Kahn! 


Thorium was an unused coproduct of 
mine production during 1976, and demand 
for thorium was not the decisive factor in 
determining its supply. Monazite, the prin- 
cipal source of thorium, continued to be a 
byproduct of titanium and tin mining and 
was recovered for its rare-earth content. 
Byproduct monazite was recovered in Flori- 
da by Humphreys Mining Co. and Titanium 
Enterprises. Thorium-containing residues 
remaining after extraction of rare earths 
from monazite were stored for future use. 
Practically all thorium compounds used by 
the domestic industry during 1976 came 
from previous company stocks or imports. 

Several occurrences of thorium of poten- 
tial economic significance were described in 
1976. These included new occurrences in 


Alaska and South Dakota, as well as depos- 
its in Colorado and Tennessee that were 
under study by mining companies to deter- 
mine economic feasibility. 

No major developments occurred in the 
nonenergy uses of thorium, which included 
mantles for incandescent lamps, hardeners 
in magnesium alloys, refractories, and 
electronic and chemical applications. 

The future prospects for thorium's use in 
nuclear fuels remained uncertain in 1976. 
The only commercial thorium-fueled, high- 
temperature, gas-cooled reactor (HTGR), lo- 
cated at Fort St. Vrain, Colo., with a capaci- 
ty of 330 megawatts (MW), began commer- 
cial operation in December 1976 and was 
expected to reach full power in late 1977. 


DOMESTIC PRODUCTION 


Exploration.—Significant concentrations 
of thorium, associated with uranium and 
rare-earth elements, were discovered on 
Seward Peninsula in western Alaska.? Sam- 
ples of the mineralized rock, which occurs 
along alkaline dikes in a 100-square-mile 
area, contained as much as 1.05% thorite. 
Uranium- and thorium-bearing parts of the 
Precambrian Estes Conglomerate were 
found in Lawrence County, S. Dak.’ Sam- 
ples from deeply weathered surface expo- 
sures contained as much as 800 parts per 
million thorium. Thorium occurrences in 
the Upper Peninsula of Michigan and 
northern Wisconsin were described.“ 

A report on thorium resources of the 
United States in 1974 was made available to 
the public in 1976.5 The report indicated 
that thorium reserves are in beach placers, 
and most identified resources are in veins, 
carbonatites, and stream placers. 

Buttes Gas and Oil Co. continued feasibil- 
ity and pilot-plant studies of its southwest- 


ern Colorado titanium prospect.* The ore 
mineral perovskite reportedly contains sig- 
nificant amounts of thorium that could be 
recovered. Kerr-McGee Chemical Corp. re- 
ported 74,000 short tons of indicated recov- 
erable monazite contained in its heavy- 
mineral sands deposit in Benton County, 
Tenn. 

Mine Production.—Monazite, a thorium- 
containing rare-earth phosphate mineral, 


Physical scientist, Division of Nonferrous Metals. 

Miller, T. P., R. L. Elliott, W. I. Finch, and R. A. Brooks. 
Preliminary Report on Uranium, Thorium and Rare- 
Earth-Bearing Rocks near Golovin, Alaska. U.S. Geol. 
Survey Open File Rept. 76-710, 1976, 18 pp. 

3Skillings'' Mining Review. Uranium-Thorium-Bearing 
Rocks in South Dakota. V. 66, No. 9, 1977, p. 15. 

*Kalliokoski, J. Uranium and Thorium Occurrences in 
Precambrian Rocks, Upper Peninsula of Michigan and 
Northern Wisconsin, With Thoughts on Other Possible 
Settings. Michigan Technological University, Houghton, 
Mich. Dept. of Geol. and Geological Eng., 1976, 350 pp. 

sStaatz, M. H. Thorium Resources 1974. U.S. Geol. 
Survey Open File Rept. 78-690, 1976, 5 pp. 

E/ Mi International Directory Mining Activity Digest. 
New Development Highlights. V. 2, No. 10, 1976, p. 1. 
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was produced as a byproduct of processing 
beach sands for titanium minerals in 1976. 
Two mines in Florida, Humphreys Mining 
Co. near Hilliard, and Titanium Enter- 
prises, near Green Cove Springs, were the 
only domestic producers of monazite. 


Humphreys Mining Co. continued to truck . 


wet titanium concentrates from its mine in 
Florida to the company’s dry plant at 
Folkston, Ga. U.S. mine production of tho- 
rium in 1976 was less than the 1975 pro- 
duction. 
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Refinery Production.—In 1976 there was 
only one domestic firm, W. R. Grace & Co., 
Davison Chemical Division, at Chattanooga, 
Tenn., with facilities for processing large 
tonnages of monazite. Although Grace did 
not produce any thorium compounds from 
monazite for sale, thorium was extracted 
from monazite during the refining of rare- 
earth elements and stored. Practically all 
thorium compounds used by the domestic 
industry during 1976 came from previous 
company stocks or imports. 


Table 1.—Companies with thorium processing and fabricating capacity 


Company 


Plant location rations 


and products 

Atomergic Chemetals Corp ____________________ Plainview, N. VW. Processes oxide, 
fluoride, and metal. 

Consolidated Aluminum Cr” Madison, Ill _________ Magnesium-thorium 

oy. 

Controlled Castings Cork Plainview, N.Y 22 : 

General Atomic cool San Diego, Calif _______ Nuclear fuels. 

General Electric Co _~_______________________ San Jose, Calif... _ _ _ _ Do. 

Do si ασ e yd d y ως LEE Wilmington, N.C C Do. 

W. R. Grace k eo Chattanooga, Tenn Processes domestic and 
imported monazite: 
produces oxide: 
stocks 
of hydroxide and 
metal 
powder. 

Gulf United Nuclear Fuels Cord Hematite, lo Nuclear fuels. 

)J ĩ OLTRE το New Haven, Conn Do. 
Hitchcock Industries, Inne South Bloomington, esium-thorium 
1 oys. 

Kerr-McGee Chemical Corp __________________ _ Cimarron, Okla __ _ _ _ _ - Nuclear fuels. 

NL Industries Inc __ _ -- Albany, N[ y.. Do. 

Nuclear Chemicals and Metals Cor Huntsville, Tenn Do. 

Nuclear Fuels Services, Inc e Erwin, Tenn Do. 

Nuclear Materials&Equipment Corp. (NUMEC) ) Apollo, Pa .......... Do 

Doa E ae k kv E ελ. «τα: Leechburg, fra Do. 
Ventron Corp., Alfa Div __ - Danvers, Maass Metallic thorium. 
Westinghouse Electric Corp _~__________________ Bloomfield, N.] compounds; 
t- produces metallic 
thorium. 
ο PEPR EER EAEE ð ß m ee 8 Columbia, SC ________ Nuclear fuels. 
CONSUMPTION AND USES 


Based on domestic mine production, re- 
leases from the Government stockpile, and 
foreign trade, the estimated apparent do- 
mestic consumption of thorium contained in 
monazite and thorium compounds for 
1976 was 236 short tons of Tho, equivalent. 
However, monazite was processed mainly 
for its rare-earth content, and the thorium 
residues were stockpiled. The actual indus- 
trial demand for thorium was about 45 tons 
of Th0, equivalent, based mainly on ship- 
ments from processors. This was below the 
1975 consumption level of 50 tons. The 
decline in consumption during 1976 was 
mainly due to low demand in energy 
applications. 


Nonenergy uses consumed about 35 tons 
of Th0,. The principal application was as a 
constituent in mantles for Welsbach incan- 
descent lamps (estimated to be around 18 
tons). Other nonenergy uses were as follows: 
As a hardener in magnesium-thorium al- 
loys (4 tons); in refractories (4 tons); in 
electronic and chemical applications, plus 
other applications and research (9 tons). 

The 330-megawatt HTGR at Fort St. 
Vrain, Colo., began producing electricity on 
December 11, 1976, and was up to 21% of 
electrical capacity by the end of 1976. The 
core of the reactor contains about 22 tons 
of thorium. Α reload section containing 


THORIUM 


about 3 tons of thorium was scheduled to be 
added annually. 

Development of a thorium-fueled, light- 
water breeder reactor (LWBR) continued at 
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Shippingport, Pa. Initial loading of about 46 
tons of thorium was expected to take place 
in 1977, with power production scheduled 
for 1978. 


STOCKS 


On December 31, 1976, the General Ser- 
vices Administration (GSA) stockpile inven- 
tory totaled 7,265,004 pounds of thorium 
nitrate (1,680 short tons Th0, equivalent). 
On October 1, 1976, the thorium nitrate 
Stockpile goal was set at 1,800,000 pounds 
(418 short tons Tho: equivalent). 

The Energy Research and Development 
Administration (ERDA) inventory as of 
December 31, 1976, was 1,068 short tons of 


thorium. About 149 tons of this material 
was being utilized in research and develop- 
ment. 

Industrial stocks of thorium at the end of 
1976 were less than at the end of 1975. 
Estimated industrial stocks at yearend in 
terms of Tho, equivalent were as follows: 
Monazite, 98 tons; and in compounds and 
metal, 355 tons. 


PRICES 


Prices for domestic monazite containing 
approximately 4% Tho, rose about 25% in 
1976. The average declared value of import- 
ed monazite (all from Malaysia) decreased 
slightly to $205 per short ton from $207 in 
1975. The average price per short ton of 
Australian monazite quoted in Metal Bulle- 
tin (London) remained constant during 1976 
at A$170 to A$185. However, the price of 
Australian monazite in U.S. dollars fell 


about 17% in December 1916 owing to the 
devaluation of Australian currency. 

Prices for thorium compounds varied de- 
pending upon purity and quantity. Thorium 
nitrate, mantle grade, was quoted at $3 per 
pound; thorium oxide, ceramic grade, $5.80 
to $10 per pound; thorium metal in pellets, 
$15 per pound; and metal powder, $65 per 
pound. 


FOREIGN TRADE 


During 1976, no thorium concentrates or 
ores were exported. Other thórium export 
data were combined with those for ura- 
nium. Although these two elements were 
not statistically differentiated, it was believ- 
ed that the amount of thorium exported 


was minor. 

Monazite containing about 6% thorium 
was imported from Malaysia for its rare- 
earth content. In 1976, imports of gas man- 
tles and thorium compounds decreased. 
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WORLD REVIEW 


The predominate source of the world's 
thorium is monazite, a byproduct of tita- 
nium and tin mining. Australia, India, Ma- 
laysia, Brazil, and the United States contin- 
ued to be the leading monazite producers 


among marketeconomy countries. The 
small world demand for thorium, however, 
is not reflected by the quantity of this 
production, since monazite is processed 
mainly for its rare-earth element content. 


Table 3.—Monazite concentrate: World production, by country 


(Short tons) 
Country! 1974 1915 1976? 

Australi ο ος A ee E 13,943 4,968 5,016 
πη... o sc E A E 1,318 r €1,600 1,600 
ͤö§;̈ͥ ⁵ LU E re E ĩͤ E 3,300 3,300 8,300 
Korea, Republic DU S eL cS eL Le t M s 10 10 10 
Malaysia? d . . l), s 1,965 8,621 2,071 
JJ ο ο ee eae at 12 r 600 20 
161i; ⅛ : a τρ res 1 
M Tupu uD Sup θὰ δα 486 405 *400 
United States _____________________ Le W W 
SENN o- ο ο ο ERREUR ON x ον σα ως ος 261 928 2056 
////SCͥͥͥ r...... κο K 711,301 14,251 12,683 

*Estimate.  PPreliminary. "Revised. W Withheld to avoid disclosing individual company confidential data. 


1In addition to the countries listed, Indonesia and North Korea may produce monazite, but information is inadequate 


to make reliable estimates of output levels. 
2Exports. 


Australia.—According to the Rutile & 
Zircon Development Association, Ltd., 1976 
monazite production by member companies, 
by state was as follows: New South Wales, 
1,089 short tons; Queensland, 227 short 
tons, and Western Australia, 3,698 short 
tons. 

Metals Exploration Ltd. and Alliance Oil 
Development Australia NL announced the 
discovery of mineral sands containing about 
800,000 short tons of heavy minerals at 
Cataby, 93 miles north of Perth.“ The heavy 
minerals contain about 1.5% monazite. 
Westralian Sands Ltd., a producer of bypro- 
duct monazite, resumed full scale mining 
operations at Yoganup. The mine and 
treatment plant had been on a care and 
maintanence basis due to low demand for 
ilmenite. 

Canada.—Research continued on a tho- 
rium cycle for the Canadian-deuterium- 
uranium (CANDU) reactor. Studies indicat- 
ed that thorium could probably be burned 
in combination with enriched uranium or 
plutonium in the CANDU with minor if any 
changes. However, since the CANDU pres- 
ently uses only unenriched uranium, an 


advanced fuel technology must be developed 
before the thorium cycle could be imple- 
mented. 

Germany, West.—Construction of the 300 
megawatt pebble-bed thorium high- 
temperature reactor (THTR) at the 
Hamm-Uentrop station of Vereinigte 
Elektrizitaetswerke Westfalen AG contin- 
ued. Completion of the THTR developed by 
Hochtemperatur-Reaktorbau GmbH was 
rescheduled for mid-1978.° 

General Atomic Co. (San Diego) has 
joined four German and four Swiss firms in 
developing a gas turbine HTGR. The 
gas turbine powerplant would not require 
cooling water since waste heat would be re- 
leased to the air. 

India.—An estimated 500,000 tons of 
monazite sands found in a 16 mile belt in 
the coastal areas of Ganjam and Puri 
districts in Orissa State was reported by the 
Minister for Mining and Geology.“ 


"Mining Journal. Mineral Sands at Cataby. V. 287, Νο. 
7353, July 28, 1976, p. 68. 

European Chemical News. Newsbriefs. V. 29, No. 752, 
Sept 10, 1976, p. 8. 

Nuclear News. West αι μιά Taking the Initiative. V. 

19, No. 8, June 1976, pp. 79-87. 

10Chemical Week. New Nuclear Reactor Will Be Develo- 
perum M U.S.-European Team. V. 119, No. 19, Nov. 10, 1976, 
p.1 

11 & Mining Journal. India: Monazite Sand. 
V. 177, No. 5, „May 1916. p. 180. 
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TECHNOLOGY 


A patent was issued for the extraction of 
columbium, rare-earths, and thorium from 
pyrochlore.'? Thorium has never been com- 
mercially produced from pyrochlore, which 
is a major source of columbium. 

A thorium-containing personnel neutron 
dosimeter, to be worn as a monitoring 
device for recording radiation exposure, was 
developed. When a fast neutron hits the 
thorium target, the fission fragments given 
off are recorded on a detector foil that can 
be periodically removed for analysis. This 
new dosimeter was reportedly insensitive to 
gamma rays and X-rays and relatively in- 
sensitive to light, temperature, and humid- 
ity compared with some conventional do- 
simeters. The Nuclear Regulatory Commis- 
sion was expected to grant a licensing 
exemption for personnel dosimeters con- 
taining not more than 50 milligrams of 
thorium. 

A 2-year occupational health study to 
determine possible effects of thorium on the 
human body was begun by the Argonne 
National Laboratory of ERDA. The study 
was to involve over one hundred former 
employees of the now-closed Lindsay Light 
and Chemical Co., a former thorium proc- 
essor. 

Research continued on the thorium fuel 
cycle in several different reactors, including 
the HTGR, LWBR, CANDU, light-water 
reactor, liquid-metal fast-breeder reactor, 
and gas-cooled fast-breeder reactor (GCFR). 
Large-scale development of any of these 
reactors could substantially increase the 
consumption of thorium. 

General Atomic Co. (GA) developed unit 
processes and equipment for reprocessing 
HTGR fuel and designed and developed an 
integrated line to demonstrate the head end 
of HTGR reprocessing using unirradiated 
fuel materials. Trade-off studies were also 
made concerning the required design of 
facilities for large-scale recycling of HTGR 
fuels, in order to guide the development 
activities for recycling HTGR fuel. ERDA 
and GA also studied the gas turbine HTGR 


and the HTGR steam cycle. The gas turbine 
HTGR was of particular interest since it 
would require no cooling water, could be 
used in arid regions, and would still reach 
thermal efficiencies of over 40% under 
these conditions. 

Research on the use of thorium-fuel in a 
GCFR nuclear power system were still un- 
derway by ERDA. The GCFR utilizes the 
coolant and nonnuclear component technol- 
ogy of the conventional HTGR. GA ex- 
pected the GCFR, under steady-state condi- 
tions, would produce enough fuel for four 
thermal reactors. 

ERDA was expected to load the Shipping- 
port LWBR with thorium-containing fuel in 
1977. Successful operation of the Shipping- 
port LWBR might permit conversion of 
operating or presently planned pressurized- 
water reactors to  thorium-containing 
LWBR cores. 

A comprehensive study of the thorium 
fuel cycle in power reactors was conducted!* 
by ERDA during 1976; results were pub- 
lished in early 1977. Initial findings indica- 
ted that the use of the thorium-fuel cycle in 
thermal reactors would result in better 
uranium utilization, and in some cases, 
better economic performance, as well as add 
flexibility to the nuclear industry in case of 
delays in development of fast-breeder 
reactors. Α mixed uranium/thorium fuel 
cycle would have the added advantage of 
permitting a “denaturing” of recycled fis- 
sile fuels, since Us can be diluted with 
sss: 


12Charlot, G. (assigned to Société Francaise 

D'Electrometallurgia, Paris) Process for Treatment of 
hlore Concentrates. U.S. Pat. 3,947,542, Dec. 7, 1978. 

1SU.S. Nuclear Regulatory Commission. News Releases. 
V. 2, No. 26, June 29, 1976. 

14Chemical Engineering . Effects of Thorium 
Exposure To Be Studied. V. 72, No. 10, October 1976, p. 20. 

I5General Atomic Co. Quarterly Progress Report for the 
Period Ending May 31, 1976. Thorium Utilization Pro- 
gram. June 30, 1976, 226 pp. 

léKasten, P. R., Homan, F. J. Assessment of the Tho- 
rium Fuel Cycle in Power Reactors. Energy Research and 
νη Administration, ORNL/TM-5565, January 

; 3⁄4 pp. 


Tin 


By Keith L. Harris! 


As the world economy recovered from the 
1975 recession, tin demand increased, re- 
sulting in higher prices and higher world 
tin mine production. At the end of June, 15 
months after initiation, export controls 
were removed from member producing na- 
tions by the International Tin Council (ITC). 
The ITC price range was revised upwards a 
record three times during the year, provid- 
ing 19% and 20% rises in the floor and 
ceiling prices, respectively. Over 19,000 met- 
ric tons? of the ITC buffer stock was sold 
during the year in an effort to defend the 
ceiling price. 

. U.S. consumption of primary and second- 
ary tin increased 13% in 1976 to 62,928 
tons. The major uses for tin were in tin- 
plate, 33%; solder, 28%; bronze and brass, 
12%; chemicals, 9%; and babbitt, 4%. Most 
of the Nation’s tin, in the form of slabs, 
bars, and ingots, was imported from Malay- 
sia, Bolivia, and Thailand. Less than 100 
tons of tin came from mines in Colorado and 
New Mexico. About 18% of the tin consum- 


ed in the United States in 1976 was re- 
claimed from scrap. 

The only primary tin smelter-refinery 
operating in the United States in 1976 was 
the Texas City, Tex., facility of Gulf Chemi- 
cal & Metallurgical Co. (GCMC). The major 
feed to the smelter was tin concentrate from 
Bolivia’s state-owned Corporación Minera 
de Bolivia (COMIBOL). 

The average price of Straits (Malaysian) 
tin for New York delivery in 1976 was 
379.82 cents per pound, 40 cents above the 
1975 level. The Bureau of Mines changed to 
a composite price in 1976, so the two 
annual averages are not directly compar- 
able. 

On September 15 the U. S. Senate ratified 
the treaty authorizing U.S. membership in 
the Fifth International Tin Agreement 
(ITA). The United States signed the Agree- 


1Physical scientist, Division of Nonferrous Metals. 

2Unless otherwise specified, all units are metric tons of 
contained tin. 

3See price section for explanation. 


Table 1.—Salient tin statistics 


(Metric tons) 
1972 1973 1974 1975 1976 
United States: 

Production: 

Miné uL a med . m8 W W W W W 

Smelterrnnnrr 4,969 4,877 6,096 6,500 5,100 

Secondary ......--.---...-.-- -.-.-.-.-. -.-. -. 504 20,806 19,200 715,869 16,446 
Exports (including reexports) ) -----.- 1,152 3,461 8,550 3,596 2,838 
Imports for consumption: 

Métal ιο esce: 53,293 46,581 40,238 44,366 45,055 

Ore (tin content?! -...-.-.-----..- 4,284 4,875 5,971 6,415 5,733 
Consumption: 

Primary ------------------—- 54,360 59,075 52,439 43,620 51,767 

Secondary ------------------- 15,952 16,763 13,341 12,180 11,161 
Prices, average cents per pound: 

Straits tin, in New Vork 177.47 227.56 396.27 339.82 379.82 

Straits tin, ex-works Penang 168.24 214.10 355.72 303.55 338.94 

World Production: 

Mine μμ k 8 244,183 237,847 1232, 880 224, 180 225,155 
Smelter .......------------------------.- 240,124 233,874 1236, 198 7230, 596 228,856 


TRevised. W Withheld to avoid disclosing individual company confidential data. 
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ment on October 28, marking the first time 
the United States had joined a metal com- 
modity agreement. 

Legislation and Government  Pro- 
grams.— The General Services Administra- 


tion (GSA) continued commercial sales of 


tin during the year. Sales totaled 3,643 tons, 
while shipments totaled 2,638 tons. The 
stockpile goal was lowered during the year 
from 41,150 tons to 33,021 tons. At yearend, 
there was an excess of 178,529 tons, of 
which 2,704 tons was authorized for sale 
by Congress. Several bills were intro- 
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duced in Congress to authorize additional 
tin disposal from the Government stockpile, 
but none was enacted. 

The depletion allowance for tin remained 
22% for domestic deposits and 14% for 
foreign deposits. 

Maine and Michigan passed legislation 
during the year that imposed deposits on 
disposable containers sold in those States. 
Oregon and Vermont were the only other 
States that had similar legislation. The 
legislation could decrease the use of dispos- 
able tinplate cans for beverages. 


DOMESTIC PRODUCTION 


PRIMARY TIN 


Mine Production.— Domestic production 
of tin in 1976 was less than 100 tons. Most of 
the year's output came from Colorado as a 
byproduct of molybdenum mining. Some tin 
. concentrate was produced at a placer oper- 
ation in New Mexico. 

Smelter Production.— The only domestic 
tin smelter, GCMC, received 5,733 tons of 
tin-in-concentrate from Bolivia, which 
formed the base feed together with domestic 
tin concentrate and secondary tin-bearing 
materials. Tin production was estimated at 
5,700 tons. 


SECONDARY TIN 


The United States is the world's largest 
producer of recycled, or secondary, tin. 
Secondary tin furnishes about a quarter of 
the total U.S. supply each year. In 1976, 
secondary tin production increased 496 
from the 19775 level to 16,446 tons. Of the tin 
recycled in 1976, 91% was as an alloy 
constituent of reclaimed bronzes, brasses, 
solders, and bearing and type metals, or as 
an element in chemical compounds. Only 
990 of the recycled tin, mostly from new 
tinplate scrap, was reclaimed as metal. 


Table 2.—Secondary tin recovered from scrap processed at detinning plants in the 
United States 


Tinplate scrap treated __ - - ccc -.. -.. 


Tin metal recovered in the form of— 
Metal 


Weight of tin compounds produced 
Average quantity of tin recovered per 


metric ton of tinplate scrap use 
Average delivered cost of tinplate scrap . _ _ _ ~~ 


1915 1976 
55 metric tons__ 651,244 685,450 
ως ο φαση: do 1,146 1,195 
πρ E A εν do 670 424 
ο T WEE ER Se do 1.816 1,619 
3232 TE E do 1.344 1.348 
7 i 72.79 2.36 
5 per metric ton 187 1.16 $61.26 


"Revised. 
‘Recovery from tinplate scrap treated only. In addition, detinners recovered 250 metric tons (368 tons in 1975) of tin as 
metal and in ia compounds from tin-base scrap and residues in 1976. 
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Table 3.—Tin recovered from scrap processed in the United States, by form of recovery 


(Metric tons) 
Form of recovery 1975 1976 
Tin metal: 
At detinning plantttULVAinnnnns 11,513 1.445 
Atother plants c< ⁵ð H ⁰⁰ðddd k 228 22 
6! 71,741 1,467 
Bronze and brass: 
From copper-base scrap 2s . 8 rq 102 8,282 
From lead- and tin-base scrap __ _ _ _ _ _ _ 2222222222222 42 87 
ο wee y P HÀ 7,144 8,319 
SO dep an ce ee gk ee UE EU ILE 4,414 4,513 
˙d; ³ ß ͥ yd yd ME ae ea 7 
)õͤöws y d 0d ⁵ (dd UPS πμ 569 495 
Kei tt !hlhhl˖lll M EE 442 548 
Chemical compounds mo UP TT 8 670 424 
Miscellaneous: o . c nenas e e ee e eee 12 12 
Total. occ οσοι ⁵⅛˙ cct d uL EE. 6,984 6,660 
Grand total, e ñ p ο ο ML LE 715,869 16,446 
met ⁰⁰ A2 y ο 8 7$118,886 — $137,710 
"Revised. 
1Includes foil, cable lead, and terne metal. 
Table 4.—Shipments of metal cans! 
(Thousand base boxes?) 
1976 
Type of can 1975 1976P change 
(percent) 
FOOD AND BEVERAGE 
Fruit and fruit )αἰοθβ.....-------------------.-.----.-.---------- 13,235 12,154 -3.6 
Vegetables and vegetable juice 24,490 21,895 -10.6 
Drodüctá. ß ß tein me. 3,502 3,429 -21 
Sont hh uuu ⁰ SSS 33,284 39,491 +18.6 
κ πισω TAES u E E E RU T 52,593 ,604 -8.8 
Meat and poultr̃-/-ĩᷣ 7 „„ „„ 3,185 3,342 44.9 
Fish and other seafoods .............- --.--------------.-------------------.-.-.-.- 2,308 2,196 -4.9 
Enc trc c t iu 8 3,523 3,549 +.7 
Lard and shortening ............-.-.--.-------------------------------------------- 2,017 2,228 +10.5 
οι μαμα κοκ ως sZ i LLL 1,4 1,619 --18.5 
/ ³oAſ ³⁰ AAA E. 6,057 6,121 11.1 
All other foods, including soups . gx 444441 „„ „ 14,440 13,983 -3.2 
ida ĩð : . 160,061 161.211 +.7 
NONFOOD 
a eat t... E 2,306 2,465 +6.9 
DENM oT. „ „„ Ἢ 
ure packing (valve typfeoe ))) /kꝝ 2222222 ; : +65. 
All other nonfood __ _________~__~__ -. -.-...-. -.-..-. -. -. -.-.-.. -. -.-.-.. -.. -. 4,556 4,917 11.9 
Total 2 σος μπα ae Zm See 17,002 18,898 +8.2 
ß e d S Se S= = 177,063 179,609 +1.4 
BY METAL 
Steel base bo ̃ eee CRINES ART κος 133,610 130,264 -2.5 
Short tons (thousand v x -- -- - -------.------ ---- ---.-----.-.---.. -..-- : 1 -2.5 
Aluminum base bonressssss «„ 43,453 49,345 +13.6 
PPreliminary. 


1Includes tinplate and aluminum cans. 
The base box, a unit commonly used in the tinplate industry, equals 31,360 square inches of plate, or 62,720 square 
inches of total surface area. 


Source: U.S. Department of Commerce. 
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Table 5.—Stocks, receipts, and consumption of new and old scrap and tin recovered 
in the United States, in 1976 


(Metric tons) 
Gross weight of scrap 
Tin recovered 
Type of scrap and Consumption 
e of consumer Stocks , Stocks \ 
Jan.1 Receipts Dec. 31 
New Old Total New Old Total 
Coss dary ameltë 
n smelters: 
Auto radiators 
(unsweated) _ _ _ 8,696 52,515 _. 52,56 52,456 8,755 _ 2,256 2,256 


Brass, composition or 


Brass, low (silicon I 
ronze) ......- 556 2,566 1,109 1,505 2,614 508 M 12 12 
Brass, yellow _ _ _ _ _ 4,629 43 509 87,418 41,927 5,926 16 371 
Bronze ________ . : 18,392 2,964 15,107 18,071 : 234 1,185 1,419 
Low-grade scrap and 
residues 11.979 71,513 56,154 14,652 71,406 12,086 16 m 16 
Nickel silver 714 2,163 324 2,475 2,199 678 8 20 23 
Railroad-car boxes 294 1,794 S 1,680 1,680 408 v 80 80 
Totaal 28,184 245.401 76,817 167,301 244,118 29, 473 695 5,478 6,168 
Brass mills:! 
Brass, low (silicon 
ronze) ........... .. 8,932 41,698 41,693 ec 41,693 3,652 = ΜΝ 
Drass 5 ορ 21 669 100 224, 100 _. 224,100 23,897 117 tine 117 
171 8,887 8, -- $ 726 180 N 180 
Nickel silver 6,558 30,655 80,655 EM 80,655 4,135 a 2 US 
Totaal 33,061 300,285 300, 285 — 800,285 32,410 297 Eos 297 
Foundries and other 
plants:2 
Auto radiators 
(unsweated) . - _ 1,098 8,888 _. 9,06 9,306 680 -- 418 418 
Brass, composition or 
8 HEN 460 4,034 1,241 2,858 4,099 395 59 136 195 
Brass, low (silicon 
ronze) ....--- 1,348 738 δ82 1,320 61 5 5 
Brass, yellow . _ _ _ 475 7,212 5,034 7 7,301 " 19 19 
1 599 70 473 132 36 4] 
-grade scrap an 
να... 84 == 58 ἘΠῊΝ δ8 20 = == Zo 
Nickel silver ces 79 ο. 74 74 5 ie: M EM 
xes - 541 4,627 —— 8,925 3,925 1,243 _—_ 186 186 
Totaal 2,767 26,181 1,141 19,485 26,626 2,928 64 800 864 
Total tin from 
copper-base scrap XX XX XX XX XX XX 1,056 6,273 7,329 
p: 
Smelters, refiners, and 
rs: 
MI... 140 9,144 2s 3,053 3,053 231 ΜΉ 415 415 
Battery lead plates 49,127 625,243 625,058 625.058 49,312 8 863 
and residues 28,892 141.530 187,09 -. 137, 83,327 2,648 ΚΕ 2,648 
Solder and tinny lead 196 9,748 -- 9008 9,608 341 __ 1,490 1,490 
Type metal 2,167 18,249 _. 197,798 17,793 2,623 -. 801 
Totaal 80,522 797,914 137,095 655,507 792,602 85, 834 2,648 3,569 6,217 
Tin-base scrap: EE OES 
Smelters, rollers and 
others: 
Babbitt 27 141 E 155 155 13 C 129 129 
Block-tin pipe . - -. 5 78 "EM 73 73 5 -- T8 79 
Drosses and residues 132 1,473 1,444 .. 1444 161 789 Eo 789 
πμ s Se PORE, MER 49 =: 46 46 8 t 40 40 
--..... 1684 1,786 1444. 274 1,718 182 789 242 1081 
Tin ο other scrap: i 
irri plants sre _. 685, 450 _—_ 685, 450 ΚΕ 1,869 κος 1,869 
Grand total _ _ _ _ _ ~ XX XX XX XX XX XX 6,362 10084 16,446 


TRevised. XX Not applicable. 


Brass- mill stocks include home scrap, and purchased - scrap consumption is assumed equal to receipts; therefore, lines 


and total in brass- mill section do not balance. 
20mits machine-shop scrap." 
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CONSUMPTION 


Tin consumption recovered 1396 from the 
abnormally low level in 1975 to 62,928 tons, 
but was still at its lowest level since 1938, 
excluding 1975. Primary consumption in- 
creased 1996, while secondary consumption 
decreased 8%. Consumption was up in most 
sectors, but declines were reported for 
babbitt, terne metal, type metal, and mis- 


cellaneous alloys. The largest increases 
were. recorded in the consumption of tin in 
solder, up 2,653 tons; tinplate, up 1,897 tons; 
and chemicals, up 1,623 tons. U.S. brass 
mills consumed 751 tons of primary tin and 
233 tons of secondary tin, compared with 
1975 levels of 481 tons and 244 tons, re- 


spectively. 


Table 6.—Consumption of primary and secondary tin in the United States 


(Metric tons) 
1972 1973 1974 1975 1976 
Stocks Jan. 1? |... 222222 LLL l): s 18,855 18,787 18,534 20,228 19,440 
Net receipts during year: 

μια μμ UE 88 55,958 60,125 55,382 43,183 50,031 
% ccn ee E DLE 2,842 4,089 2,285 2,699 2,019 
SOPHD. c.c e ck o uec. LM SE ie. 14,115 13,915 12,296 10,568 10,189 
Total receipt 72,915 78,129 69,963 56,450 62,239 
Total available _____________________ 91,770 96,916 88,497 76,678 81,679 

Tin consumed in manufacturod products: 
IAE o μμ AAA é 54,360 59,075 52,439 43,620 51,767 
Secondary ........... -...-..... -. -...........- -........... 15,952 16,763 19,941 12,180 11,161 
Totar ——— δις κο 10,312 15,838 65,780 55,800 62,928 
Intercompany transactions in scrap __ ____________ _ 2,671 2,544 2,489 1,438 1,891 
Total processed 12,983 78,382 68,269 57,288 64,819 
Stocks Dec. 31 (total available less total processed) _ _ _ _ _ _ 18,787 18,534 20,228 19,440 16,860 


18tocks shown exclude tin in transit or in other warehouses on January 1, as follows: 1972— 142 tons; 1973— 986 tons; 


1974— 823 tons; 1975— 70 tons; and 1976—123 tons. 


Table 7.—Tin content of tinplate produced in the United States 


(Metric tons) 
Tinplate Tinplate (all forms) 
" ᾿ Tin per 
ear waste, strips, : 

cobbles, το. Gross weight Tin content! p 5 

gross weight ilograms) 
1910 o ñ eA Cte i 455,403 4,269,658 21,408 5.0 
197189 ³˙ 868 7473, 590 74, 452,779 21, 608 4.9 
11111;ö;Üð ⁵ ᷣ 399,947 74,701, 840 22, 686 4.8 
19752 - σου. 336,967 14,018,285 18,869 14.7 
χω on ĩ ͤ K IL: 439,988 4,372,639 20,719 4.7 

"Revised 


!Includes small tonnage of secondary tin and tin acquired in chemicals. 


1325 MINERALS YEARBOOK, 1976 
Table 8.—Consumption of tin in the United States, by finished product 
(Metric tons of contained tin) 
NT 1915 1916 
Primary Secondary Total Primary Secondary Total 

Alloys (miscellaneous) ) _ _ _ _ 481 130 611 513 93 606 
RBab bitt 1.817 788 2,605 1,832 591 2,423 
Bar tin ~- _ ----- 581 56 637 656 102 758 
Bronze and bras 2,626 4,929 7,555 2,860 4,796 7,656 
Chemicass ~~ 2,735 1,263 8,998 4,718 903 5,621 
Collapsible tubes and foi! 516 22 538 679 15 694 
Solder! 10,669 4,406 15,075 13,506 4,222 17,728 
Terne metall 267 85 352 180 9 189 
inning- ---------------- 1,879 17 1,896 2,284 18 2,302 
Tinplateeeee :e? 18,869 κα 18,869 20,766 ον 20,166 
in powder 850 a 850 1,208 3 1.208 
metall 76 189 265 66 150 216 
White metal vs 1.948 269 2,217 2,098 254 2,347 
ας ια 8 306 26 406 8 414 
T Leges 48,620 12,180 55,800 51,767 11,161 62,928 


W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
‘Includes secondary pig tin and tin acquired in chemicals. 
?Includes pewter, britannia metal, and jewelers’ metal. 


STOCKS 


Plant stocks of pig tin declined 7% to temporarily dropped. Plant stocks were 
6,856 tons, or about a month-and-a-half highest in July at 7,435 tons. Tinplate mills 
supply. As the price of tin increased during held 60% of the plant pig tin stocks at 
the year, companies cut back inventories yearend. 
and purchased tin when the market price 


Table 9.—U.S. industry yearend tin stocks 


(Metric tons) 
1972 1978 1974 1975 1976 
Plant raw materials 
ig tin: 
τρια eee ee 8,283 7,658 8,784 7,090 6,613 
Secondarfr _ _ _ 258 343 312 317 243 
In procesass „ 10,246 10,533 11,132 12,083 10,004 
Total ncc c cci D LM E t 18,787 18,534 20,228 19,440 16,860 
Additional pig tin: 
In transit in United States 452 986 823 70 34 
Jobbers-importers ___ _ _ _ -.- -.-.-------- - -.-. 2,163 1,153 691 2,059 1,009 
Afloat to United States 3,785 3,688 4,409 4,115 8,582 
Total: s; !; ασ ³ꝛ w aa A 7,000 5,821 5,923 6,244 4,625 
Grand totaalllll „ 25,787 24,361 26,151 25,684 21,485 
Tin content, including scrap. 
PRICES 


The price of tin during the year was 
influenced by ITC-imposed export controls, 
buffer stock purchases and sales, specula- 
tion, currency hedge buying, and a slowly 
increasing world demand. Definite rises in 
the price occurred in anticipation of price 


level increases at the May, October, and 
December ITC meetings; after the ITC re- 
vealed that the buffer stock contained only 
2,820 tons on June 30; during the suspen- 
sion of buffer stock operations from June 30 
to July 7 as the Fifth ITA entered provision- 


TIN 


ally into force; and on December 28 when 


the Bolivian Government announced it 


would not ratify the Fifth ITA. 

The average annual price increased sub- 
stantially from the depressed prices of 1975 
as the world economy- recovered from the 
recession. The average U.S. price of Straits 
tin for New York delivery was 379.82 cents 
per pound, compared with 339.82 cents per 
pound in 1975. The average Penang price 
for ex-works Straits tin was M$1,146.56 per 
picul* (338.94 cents per pound) compared 
with M$963.79 per picul (303.55 cents per 
pound) in 1975. The average price for cash 
tin, standard grade, on the London Metal 
Exchange (LME) was £4,242.40 per metric 
ton (347.42 cents per pound). All averages, 
except the U.S. average, were the highest 
ever recorded. 

The Penang market started the year at 
M$957 per picul (283 cents per pound). 
Buffer stock purchases and export controls 
were necessary to support the price until 
late January when dealers, covering their 


short positions, initiated an upward trend 


that peaked at the high for the year of 
M$1,320 per picul (990 cents per pound) on 
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July 8. Consumer and speculative demand 
was evident during the rise, necessitating 
the sale, through July, of over 17,000 tons of 
tin from the buffer stock in an unsuccessful 
defense of the ceiling price. After July, the 
price declined and remained in the upper 
sector of the ITC price range for several 
months. In November, prices began moving 
upward, possibly in anticipation of a higher 
ITC price range, which came into effect on 
December 9. The price then stabilized 
around M$1,250 per picul (870 cents per 
pound) until word of Bolivia's decision not 
to ratify the Fifth ITA moved the price at 
yearend up to M$1,318 per picul (390 cents 
per pound). 

Beginning in 1976, Metals Week, the 
source of the Bureau of Mines U.S. tin price, 
discontinued quoting a daily New York spot 
price and initiated a composite price. The 
composite price represents a replacement 
cost to the consumer and not a spot price as 
had been previously quoted with the daily 
New York Metals Week price. The Metals 
Week annual New York spot price for tin 
was 30.5 cents less than the composite price 
in 1976. 


Table 10.—Monthly prices of Straits tin for delivery in New York 


(Cents per pound) 
1975 1976 
Month ` 
High Low Average High Low Average 

January ___ _ _ 378.25 336.00 363.76 319.94 812.44 313.97 
Februar 375.25 368.50 372.07 338. 319.44 327.49 
h ecco alle 0. 363.25 366.04 354.79 837.1 347.20 
April ---.----------- 362.50 345.75 354.10 361.17 346.81 355.46 
r.!!! ο eS 845. 339.25 342. 385.28 360.25 375.11 
JUNG” τος G ZZ 841.15 334. 342.48 401.50 369. 389.32 
July: eec em 846. 321.00 333. 494.26 407. 422.94 
Au guet 337.50 325.75 331.82 423.54 392.42 408.53 
September 333. 314.50 322.77 403.46 388.7 396.38 
October, 324.50 319.00 321.95 411.13 394.01 400.44 
November 331. 313.00 324. 417.13 397. 407.78 
December 307.25 300.75 303.07 439.45 410.83 418.17 
Average 378.25 300.75 339.82 439.45 312.44 379.82 


Source: Metals Week. Beginning in 1976, prices are reported as a composite price. 


FOREIGN TRADE 


Exports of tin declined 35% from the 1975 
level to 2,338 tons, a more normal level than 
that existing since 1973 when G8A 
commenced tin sales. Reexports continued 
to be larger than exports, as has been the 
case since 1975. 

Imports of tin- in- concentrate, all from 
Bolivia, declined 110% as Bolivian labor 
problems caused a drop in shipments during 
the first quarter of the year. 


Tin metal imports have always been the 
predominant portion of U.S. supply and 
1976 was no exception. Of the 45, 055 tons of 
tin metal imported, Malaysia supplied 60%; 
Thailand, 1596; Indonesia, 1196; and Bolivia, 
490. Imports of tin from the People's Repub- 
lic of China dropped substantially from the 


*One picul — 133 33 pounds. One ringget (M$) = 
US$0. 394141 in 1976, US$0.4200 in 1975. 
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Table 11.—U.S. exports and imports for consumption of tin, tinplate, and 
terneplate in various forms 


Tinplate circles, : 
Ingota, pigs, and bars Tinplate and terneplate αν. and cob- Tinplate 
bles ΕΕ 
Year Exports Reexports Exports Imports Exports Imports 
Value Quan value Quan- value Quan value Quan value Quan value 
de (chou. ded c ο (netis (thou- (aaie (thou (metric (thou- metris (thou- 
sands sands) tone) sands) tons) to san tons) sands) 
1974 6,003 347,774 2,547 $15,700 434,806 $166,848 289,389 $98,349 15,781 32,654 11,471 $861 
1975. 1,444 10,457 2,152 15,531 232,052 105,870 370,508 170,191 2,574 437 11,138 786 
1976 540 2,998 1,798 13,967 333,954 131,364 282,928 108,308 15,279 1.949 10,506 596 
Table 12.— U. S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds 
Miscellaneous tin and manufactures Tin compounds 
Imports Exports Imports 
Tinfoil, Tin scrap 
tin powder, ando 
flitters, Dross, skimmings, tin-bearing 
Year metallics, scrap, residues, material, Quantity Value 
tin and and tin ‘alloys, n.s.p.f. except (metric (thou- 
manufactures, tinplate tons) sands) 
n. s. p. f. scrap 
Value Quantity Value Value 
(thousands) (metric tons) (thousands) (thousands) 
1974 __ να $9,331 1,789 $1,186 $5,950 189 $1,316 
1975 __ 7,257 2,4 2,452 343 122 
1975 8,148 666 8,550 7,391 176 1,195 
Table 13.—U.S. imports for consumption of tin, by country 
1975 1976 
Country Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
Concentrates (tin content): 
Bolivia 6,415 $44,114 5,783 $38,529 
Metal:! 
Australian 325 2,176 198 1,417 
Austrii 5 coul ced d sas mS ἘΠ 18 
Ill 8 149 1,185 1,978 14,181 
8 . RU WEE n s 1,242 
China, Poop’ le’s Republic o 6,378 89,761 1,727 13,195 
Ge VVV 200 170 8⁴ 491 
0 Dis o cou dr ub S us 
τι = 1 868 
Indonesia 4.371 29,823 4,972 85,160 
Japan. a Se μις a 208 ER κος 
KOTOR m L L nw ⁵ ENEE ee 
J7))öö§Üöĩs ² o y EH 23,920 177,359 26,981 196,454 
Netherlandss̃ -.-. -- z T 
Nigeria o T 59 454 "E zo 
Wie eae ee ere λα e p" 1,520 15 i 
DOG — cl cou ER RU E 
Switserland 322... Le σος 20 179 2S ἘΝ 
Wal. το ος sg LL 182 1,241 100 
JJ οσο αρ Oneal an 7,422 50,290 6,885 47,908 
United Kingdom ___ --- -- ----------------- 2,939 2,149 
Uruguay. nome RETE iio EUN 198 588 
Vietnam ---------------------——- aes ae 
TOt] o . ee ee 44,366 312,346 45,055 825,453 
1Bars, blocks, pigs or granulated. 


"νου than 1/2 unit. 


TIN 


1975 level of 6,378 tons to 1,727 tons in 1976. 
A downward trend in imports from the 
People's Republic of China was expected as 
the internal demand of a new tinplate line 
lowered the tin available for export. 

Small tonnages of secondary tin enter the 
United States as alloy constituents in re- 
cyclable solders or other alloys, or as tin- 
plate or other scrap, dross, skimmings, and 
residues. These imports are included in 


1331 


secondary production figures and account 
in part for the differences encountered 
between U.S. production and consumption 
of secondary tin. Imports and exports of tin 
in alloy such as babbitt, solder, type metal, 
and bronze are shown in the Minerals 
Yearbook chapters on copper and lead. 
Ferrous scrap exports, including those of 
tinplate and terneplate scrap, are not classi- 
fied separately. 


WORLD REVIEW 


INTERNATIONAL TIN AGREEMENT 


During the year the ITC used all re- 
sources available to it in an effort to obtain 
market stabilization. Export controls had 
been imposed on member producing nations 
on April 18, 1975, and remained in effect 
until mid-1976. The buffer stock held 20,071 
tons on December 31, 1975, and purchases 
continued through January 1976. 

By the March quarterly meeting, the tin 
price had moved into the upper sector of the 
price range in response to increased de- 
mand and general optimism evident in all 
nonferrous metal markets. Because of in- 
creased mining costs, producers initiated 
and received an increase in the floor price 
of M$50 as of March 12. Export controls 
were not removed. By April 22, pressure on 
the ceiling price caused the ITC to schedule 
a special May session. 

Meanwhile, Bolivia decided not to ratify 
the Fifth ITA by the April 30 deadline, 
claiming the ITC price range for tin was not 
high enough to cover Bolivian mining costs. 
A delegation headed by the ITC chairman 
went to Bolivia and persuaded the Govern- 
ment to announce its intent to ratify the 


At the special May session, the price 
range was raised for the second time in the 


year, and the export quota for the second 


quarter was increased from 35,000 to 40,000 
tons. 

Export controls were removed June 30 
during the June ITC meeting. The ITC 
revealed that the buffer stock held only 
2,820 tons on June 30 and suspended its 
operations until a buffer stock was reestab- 
lished under the Fifth ITA. Consequently 
the price of tin penetrated the ceiling to 
reach its high for the year. 

Since Bolivia had not ratified the Fifth 
ITA by the deadline date, it went provision- 
ally into force July 1. The United States 
became a member for the first time. The 
buffer stock manager was released from his 
obligation to sell tin at the ceiling price and 
was authorized to operate at his discretion 
when the tin price was above the ceiling. 

In October, the price issue was raised 
again by the producers, but the council 
deferred a decision until cost data were 
provided by the producers. The data were 
submitted, and a price rise was granted on 
December 9, although the United States 
voted against it. A comparison of the ranges 
at the beginning and end of the year fol- 


agreement by April 30. lows: 
Jan. 1, 1976 Dec. 31, 1976 
US. | ` U.S. 
M$ per picul equivalent M$ per picul equivalent 
cents per pound cents per pound 
Floor price ___ kk 900 266 1,075 318 
Lower sectoů»r?,r 44444 9 266-290 1,075-1,150 318-840 
Middle sectoe _ ---- 980-1,040 290-307 1,150-1,250 840-370 
Upper sectorr?!rkk:kk 1,040-1,100 307-325 1,250-1,325 370-892 
i i 1,100 325 1,825 892 
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Bolivia did not ratify the Fifth ITA dur- 
ing the year. The agreement could be 
provisional for only 1 year before it must be 
renegotiated. Definitive entry into force of 
the Fifth ITA required the signature of at 
least six producing nations that held over 
950 of the 1,000 producer votes in the 
Fourth ITA. Bolivia held 179 votes. 

Australia.— Tin production, up for the 
first time since 1972, totaled 10,364 tons for 
the year. Increased output by Australia's 
two largest producers, Renison Ltd., up 750 
tons over that of 1975 to 4,533 tons, and 
Abminco N.L., up 321 tons to 1,691 tons, 
ended the downward trend. 

Renison, a subsidiary of Consolidated 
Gold Fields Australia Ltd., mined 505,703 
tons of ore and treated 494,339 tons of ore 
containing 1.24% tin during the year end- 
ing June 30. Recovery of metal dropped to 
65.3% from 68.8% in the previous year 
because of the higher proportion of refracto- 
ry ore in the concentrator feed. Proven and 
probable reserves increased 839,000 tons to 
9.9 million tons, but the average grade 
decreased from 1.34% to 1.24%. Additional 
diamond drilling was planned in the Mount 
Lindsay, Tasmania, joint venture area. Re- 
sults from the first five holes were encour- 
aging. Renison joined with other companies 
to explore the Doradilla tin prospects, 
southwest of Bourke, New South Wales, and 
the Mount Moss tin prospect, northwest of 
Townsville, Queensland. A feasibility study 
by Mitsubishi Metals Corp. was commis- 
sioned by Renison for a 7,000-ton-per-year 
tin smelter to be located in Tasmania. The 
study will be concluded in 1977. 

During the year the Aberfoyle Group 
reorganized, with Aberfoyle Tin Ltd. trans- 
ferring all operating interests to Abminco 
(formerly Cleveland Tin N.L.) in exchange 
for shares in that company. As a result, 
Abminco N.L. became owner of the Ardle- 
than tin mine at Ardlethan, New South 
Wales, the Aberfoyle mines in northeastern 
Tasmania, and the Cleveland tin-copper 
mine at Luina, Tasmania, while Aberfoyle 
Ltd. became a holding company with a 
61.06% interest in Abminco N.L. 

The Cleveland mine returned to a 7-day 
workweek at the end of June when ITC 
export controls were removed. The mine 
treated 363,036 tons of ore with a 0.7396 
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head grade of tin and a recovery of 56.95%. 
Reserves were down 175,000 tons to 1.7 
million tons, and the average grade dropped 
to 0.79% from 0.82% in the previous year. 
Ardlethan mine production declined 130 
tons to 1,180 tons during the year ending 
November 23, 1976. Ore reserves were down 
10% to 1.8 million tons, but the grade 
increased to 0.59%. The company operated 
at a loss during the year. 

Bolivia.— Tin mine production increased 
490 over the 1975 level to 29,812 tons. 
Production by COMIBOL, at 20,540 tons, 
was down slightly, but medium and small 
mine production increased 15% and 32%, 
respectively, to 6,665 tons and 2,607 tons. 
Tin exports totaled 30,355 tons, 15% above 
1975 exports. The tin exports, valued at 
$227.9 million, accounted for 37% of the 
value of total Bolivian exports and 60% of 
the value of mineral exports. 

Bolivia announced a major capital invest- 
ment program for the minerals sector. In- 
vestments totaling $621 million over the 
next 5 years were planned in mining and 
metal processing. By 1980, domestic tin- 
smelting capacity was expected to be 32,500 
tons, and tin mine output to be 35,000 tons. 

COMIBOL experienced a miners' strike 
in June, and settlement required a 3092 
wage increase to all employees. Also includ- 
ed was a $136 million social amenities and 
housing program. Although COMIBOL’s re- 
ported costs to produce and market tin 
increased 25% to $3.80 per pound during 
1976, profits reached $3 million on sales of 
$255.3 million compared with losses of $10.7 
million on sales of $211.3 million in 1975. 

The Catavi mine, the world's largest un- 
derground tin mine, produced 5,418 tons of 
tin. Golder Associates, Inc. completed a 
geological and prefeasibility study for con- 
version of the Catavi mine to an open pit 
operation. The preliminary study deline- 
ated 80 million tons of ore grading 0.396 tin, 
sufficient for 25 years of operation with a 
mill recovering 4,500 tons of tin per year in 
a 52% concentrate. 

The Huanuni mine, COMIBOL's most 
profitable mine, produced 4,486 tons of tin 
during the year. Huanuni, located 50 kil- 
ometers southeast of Oruro, is next to the 
Playa Verde alluvial tin deposit, which will 
be jointly exploited by COMIBOL and Lon- 
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don Tin (Malaysia) Bhd. in a $10 million 
dredging project. 

The Caracoles mill was modernized to 
treat 8,500 tons of ore per month with a mill 
head of 1.8% tin. Production totaled 1,745 
tons of tin-in-concentrate in 1976. Addition- 
al investment in mine extensions and 
mechanization was scheduled to increase 
production 4090 over the next 2 years. 

The Empresa Nacional de Fundiciones 
(ENAF) smelter produced 9,185 tons of tin 
metal during the year and exported 9,211 
tons. Increased production at the Vinto 
smelter was the result of an increase in 
capacity from 7,500 tons per year to 11,500 
tons per year beginning in January. Addi- 
tional expansion to 20,000 tons per year was 
expected by April 1977. Work was started 
on a smelter to be located next to the Vinto 
high-grade smelter to treat 10,000 to 12,500 
tons per year of low-grade tin ore. 

China, People's Republic of.— Tin re- 
serves in the People's Republic of China 
(PRC) were estimated to be 2.2 million tons.’ 
Tin deposits occur in six of the PRC's 
Provinces, but the PRC has published quan- 
tities for only the Haifeng and Chaoan 
districts in Kwangtung. Each district was 
estimated to have reserves of more than 
200,000 tons of tin metal. Exports of tin, at 
6,458 tons, declined 50% from the 1915 
level. The PRC has exported an average of 
7,500 tons per year over the past 10 years. 
The new 100,000-ton electrolytic tinplate 
line at Wuhan, to be commissioned in 1977, 
will divert some of the exports to internal 
consumption. 

Germany, East.— East Germany will 
expand its tin production by nearly 45% by 
1980 through the use of the Soviet-devel- 
oped Kivcet process. The electrother- 
mic process may improve recoveries to as 
much as 70% of the tin content of the high- 
sulfide ores mined in the Erzgebirge region. 

Indonesia.— Indonesia established new 
regulations for negotiating mining con- 
tracts, replacing those rescinded in 1972. No 
contracts had been signed in more than 4 
years. The regulations provided for duty- 
free imports of equipment and materials, a 
corporate income tax of 35% for the first 10 
years and 45% for the following 20 years, an 
additional 5% annual deduction for capital 
investment expenditures for the first 4 
years of production, a 10% export tax, 
decreasing in relation to the amount of ore 
processed in Indonesia, and supervision by 
Bank Negara Indonesia of foreign exchange 
earnings from mining exports. 
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Perusahaan Negara Tambang Timah 
(P.N. Timah), Indonesia’s State-owned tin 
mining enterprise, was restructured into a 
limited company called Perusahaan Terba- 
tas Tambang Timah (P.T. Timah) to allow it 
greater autonomy of operation. 

P.T. Timah awarded the design contract 
for a new seagoing bucket dredge, the Bang- 
ka II, to F.W. Payne & Son Ltd. The dredge, 
to be equipped with  0.62-cubic-meter 
buckets with a maximum dredging depth of 
50 meters and annual throughput of 5.8 
million cubic meters, was scheduled to be in 
operation by 1979. The dredge will produce 
about 1,500 tons of tin-in-concentrate per 
year. 

Timah's Peltim smelter at Mentok, Bang- 
ka, began smelting all of Indonesia's tin 
mine production in April. Capacity expan- 
sion from 18,000 to 33,000 tons, completed in 
1975, precluded the necessity of exporting 
concentrates to Malaysia for smelting. 

P.T. Koba Tin, a joint venture owned 25% 
by the Indonesian Government and 75% by 
three Australian firms, operated three 
gravel pump mines in the southeast Bang- 
ka district. About 1,000 tons of tin-in- 
concentrate was produced in 1976. Two 
small 0.08-cubic-meter bucket dredges un- 
der construction in Malaysia were expected 
to begin operation in 1977. Reserves of 
36,000 tons of tin have been blocked out at 
the property. 

Billiton Exploratie Maatschappij Indone- 
sia, B.V. (BEMD ordered a $25 million, 0.85- 
cubic-meter bucket dredge to exploit its 
concession in the Pulau Tudjuh area. The 
dredge, designed by Mining & Transport 
Engineering B.V. and built by Jurong Ship- 
yard Ltd., will begin operations late in 1978 
and recover about 1,700 tons of tin per year. 

P. T. Broken Hill Pty. Indonesia (BHP) 
completed the final stage of development at 
the Kelapa Kampit lode mine on Bilitung 
Island. Dewatering was completed, the un- 
derground workings were partially rehabili- 
tated, and exploration for additional re- 
serves continued. A feasibility study was to 
be completed for presentation to the Indone- 
sian Government in 1977. 

Malaysia.— Tin production was at its 
lowest level since 1964. A total of 63,401 
tons was mined, 1% below the 1975 level. 
The State licensing policy and high taxation 
reportedly were the main factors in the 
continuing decline in Malaysia's tin output. 
At yearend there were 51 tin dredges, 724 


5Tkonnikov, A.B. Mineral Resources of China. Geol. Soc. 
of America, Boulder, Colo., 1976, 500 pp. 
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gravel pump mines, and 36 opencast, under- 
ground, and other miscellaneous mines. in 
operation, reflecting an 11% decrease in 
total active mines from yearend 1975 levels. 
Gravel pump operations accounted for 50% 
of the concentrate produced; dredging, 36%; 
opencast mining, 4%; underground mining, 
3%; and miscellaneous sources, 7%. The tin- 
mining labor force declined 7% to 36,828 
workers at yearend. 

Metal production, at 78,017 tons, was 696 
below the 1975 level. Exports of metal 
increased to 82,164 tons over the 77,635 tons 
in 1975. Imports of tin-in-concentrate total- 
ed 8,156 tons, down 5696 from those of 1975 
because of decreased imports from Burma 
and Indonesia. 

Industry officials expressed concern over 
problems that curtailed prospecting activity 
and created a poor investment climate. 
Heavy taxation was a substantial deterrent. 
The tin industry, the most heavily taxed 
industry in Malaysia, paid export duties, 
export surcharges, and taxes on tin profits, 
development, and income. In some cases, 
these taxes were over 70% of gross mining 
profits. Delays in processing applications 
for mining leases and the possible rejection 
of lease renewal applications have been 
major contributors to declining production 
over the past 4 years. Streamlining the 
application process and reduced taxation 
have been recommended. Also, the new 
economic policy of 9090 Malaysian particip- 
ation in the national economy was reported 
to have had a negative effect on tin pro- 
ductivity. 

A $6 million aerial and geochemical sur- 
vey was to be conducted over 30,000 square 
kilometers in Kelantan and Pahang to lo- 
cate new sources of tin and other minerals. 
The program, to be financed by the Cana- 
dian Government, will take about 3 years to 
complete. 

Perbadanan Nasional Bhd.'s (Pernas) sub- 
sidiary, Pernas Securities (the Malaysian 
Government investment branch), through 
an expenditure of $68 million, became the 
major owner of the London Tin Corporation 
(LTC), the world's largest tin investment 
group and the largest holder of Malaysian 
tin mines. Pernas Securities established 
New Tradewinds (NTW) as a holding com- 
pany to buy LTC. NTW exchanged shares 
with Charter Consolidated Ltd. for Char- 
ter's Malaysian interests. As a result, Per- 
nas held 71.3596 of NTW, and Charter held 
28.65%. NTW has interests in 18 mining 
companies, mostly in Malaysia, but also in 
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Thailand and Nigeria, that produced 27,322 
tons of 70% to 75% tin concentrate in 1976, 
or about 8.5% of the world tin mine pro- 
duction. The LTC purchase was a major 
step in furthering the Malaysian Govern- 
ment’s new economic policy of 70% domes- 
tic private ownership in the tin industry by 
1990. 

Ayer Hitam Tin Dredging Ltd. displaced 
Berjuntai Tin Dredging Bhd. as Malaysia’s 
largest tin-producing company. Ayer Hi- 
tam’s No. 2 dredge worked very rich deep 
ground for several months, thereby more 
than doubling production to 5,923 tons of tin 
concentrate in 1976. This was the highest 
tin production by any private tin-mining 
company in the world since nationalization 
of the large Bolivian tin-mining companies 
in 1952. 

Berjuntai’s production increased 8% to 
4,215 tons of tin concentrate. The company’s 
new No. 8 dredge began production in 
September. Both the No. 8 and the No. 7 
dredges were working areas that have re- 
serves for 18 years of production. Nos. 2 and 
3 dredging areas have reserves for 12 years; 
No. 4, about 16 years; No. 5, 3.5 years; and 
No. 6, 23 years. 

Malaysian Tin Dredging Ltd. produced 
2,890 tons of tin concentrate in 1976, 4% 
above that of 1975. The Perak State Govern- 
ment approved the diversion of the Kinta 
River, which will result in a 140-hectare 
addition to the mining area. The additional 
reserves will increase the life of four of the 
company's five dredges to more than 10 
years. Reserves for the other dredges were 
sufficient for 8 years of operation. 

Southern Malaysian Tin Dredging Ltd., 
with production of 2,408 tons of tin concen- 
trate during the year, completed the diver- 
sion of the Chenderiang River to limit 
flooding and to fulfill a condition of the 
mining lease for the Degong Road property. 
The ITC tin export control period required 
cutbacks of 84 dredging days at the Tanjong 
Tualong property and 43 days at the Degong 
Road property. 

Austral Amalgamated Tin Bhd.'s pro- 
duction declined 16% from the 1975 level to 
1,290 tons of tin concentrate owing to the 
closing of one of its three dredges after 
exhaustion of reserves. Kuala Kampar Tin 
Fields Bhd. was also forced to close one of 
its dredges when operations became uneco- 
nomic. | 

Although Pacific Tin Consolidated Corp., 
the only U.S. company mining tin in Malay- 
sia, decreased tin production slightly in 
1976, income before taxes increased 68% 
because of increased tin prices. 


TIN 


The Selangor State Development Corp.'s 
(SSDC) mining subsidiary, Syarikat Timah 
Langat, began trial operations of its first 
dredge. The 0.7-cubic-meter, $5 million 
dredge operated at a concession of 800 
hectares at Dengkil in the Kuala Langat 
forest reserve. 

Charter and its subsidiary company, Tro- 
noh Mines Ltd., stopped exploration at its 
Kuala Langat concession joint venture with 
the SSDC after SSDC notified Charter it did 
not have funds to reimburse Charter for its 
share of the development costs. Political 
uncertainty and equity apportioning of the 
55% SSDC-36% Charter-9% Tronoh joint 
venture were contributing factors in the 
cessation of operations. 

Conzinc Riotinto Malaysian Sdn. Bhd. 
recovered 1,079 tons of tin at its single- 
dredge operation on a 550 hectare Kuala 
Langat concession. It joined with the Pa- 
hang Tenggara Developent Authority in a 
30%-70% joint venture to explore for tin 
and other metals in Pahang Tenggara. 

Nigeria.— Tin production continued to 
decline for the eigth consecutive year to 
3,710 tons in 1976, the lowest level since the 
Bureau of Mines began publishing world 
production data in 1921. Increased costs for 
fuel, power, and labor continued to plague 
the Nigerian tin industry. 

Forty percent of Amalgamated Tin Mines 
of Nigeria (Holdings) Ltd. (ATMN), Niger- 
ia’s largest tin-mining company, was sold 
to the state-owned Nigerian Mining Corpo- 
ration (NMC). The acquisition was aimed at 
giving Nigeria a voice in the exploitation 
and expansion of mining operations. 
Although ATMN reported an increase in 
production of 156 tons from the previous 
fiscal year, the proceeds in terms of Niger- 
ian currency were considerably lower. Work 
began in mid-November on ATMN’s Sabon 
Gida tinfield. Due to the depth of the 
deposit and the time needed to move the 
overburden, tin production was not ex- 
pected until mid-1977. 

Gold & Base Metal Mines of Nigeria Ltd., 
continued development at its Liruie pros- 
pect in Kano State at a reduced level while 
an agreement was reached on the formation 
of a new company, Ririwai Mines Ltd. NMC 
was the major shareholder, with Gold & 
Base retaining 20%. A mine is to be estab- 
lished with a treatment plant capable of 
processing 900 tons of ore per day. Pro- 
duction was expected to start in 1979. 

South Africa, Republic of.— The coun- 
try’s three tin producers continued to mine 
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tin at about the same rate as in 1975. 
Rooiberg Minerals Development Co. Ltd. 
operated four mines at the Rooiberg tin 
field 56 kilometers west of Warmbaths that 
produced 3,710 tons of tin concentrate. 
The decreasing grade of ore mined at the 
Hartebeestfontein mine (“A” mine) was off- 
set by an increase in grade of ore treated at 
the Leeuwpoort mine (“C” mine). Surface 
drilling at the “A” mine delineated a new 
medium grade area that may be amenable 
to open pit mining. 

Union Tin Mines Ltd. produced 1,619 tons 
of concentrate during the year, up 2% over 
the 1975 level. Underground reserves were 
estimated to provide another year of pro- 
duction, depending upon the tin price, but 
reworking of the tailings dam may extend 
the mine’s life into 1978. 

Zaaiplaats Tin Mining Co. Ltd., South 
Africa’s smallest tin producer, was instal- 
ling a small ball mill to increase milling 
capacity. Production was down slightly to 
303 tons of tin concentrate in 1976. 

Thailand.— Illegal mining by suction 
boat operations became less of a problem in 
1976 after the Government allowed the 
boats to operate in the near-shore portion of 
the concessions of the nationalized Thailand 
Exploration and Mining Co., Ltd. (Temco). 
The independent miners were required to 
register their operations and sell their out- 
put to the Government. Thailand's official 
production increased 4,000 tons over the 
1975 level to 20,453 tons, with the suction 
boat operations producing 4,683 tons. 

After numerous false starts and frequent 
changes in political leadership, the Thai 
Government and Billiton reached a pro- 
duction-sharing agreement over the na- 
tionalized Temco concessions. The 5-year 
agreement, with provisions for an exten- 
sion, allows a 69% Billiton - 31% Thai 
Government split of profits on production 
under 1,300 tons per year, a 50%/50% split 
of profits on production over 1,500 tons per 
year, and a 40%/60% split of profits on 
production over 1,700 tons per year. 

Aokam Tin Bhd., Southern Kinta Consoli- 
dated Ltd., and Tongkah Harbour Tin 
Dredging Bhd., all owned by LTC, were 
closed by illegal strikes late in January. 
Operations at Aokam and Tongkah Har- 
bour resumed in April after a new agree- 
ment was negotiated with the labor union. 
Southern Kinta did not resume operations 
during the year owing to lease difficulties. 
Aokam, the largest tin producer, mined 
2,441 tons of tin concentrate in 1975 but 
only 1,490 tons in 1976. Combined pro- 
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duction of Southern Kinta and Tongkah 
Harbour was only 448 tons of concentrate in 
1976, compared with 1,337 tons in 1975. 
United Kingdom.— Although mine pro- 
duction declined 7 tons from the 1975 level 
to 3,323 tons in 1976, the outlook for the 
United Kingdom's tin mining industry im- 
proved as a result of higher tin prices. 
Domestic tin production accounted for 25% 
of the country's primary demand. The Cor- 
nish Chamber of Mines felt production 
could increase if the Government initiated 
mineral rights legislation enabling mining 
companies to prospect or mine in Cornwall. 
At St. Piram Ltd.’s South Crofty mine, 
the country’s largest tin mine, a $1.4 mil- 
lion investment program neared comple- 
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tion. An underground haulage system was 
installed, and a second underground crush- 
er was installed at the 658-meter level. The 
Dolcoath North lode was opened up on four 
levels, adding to ore reserves. Continued 
development work was expected to bring 
production up to 2,800 tons in 2 years. The 
Simms shaft at St. Piram’s Pendarves mine 
was deepened, and cross-cutting to the 
Tryphena lode started. Development con- 
tinued to improve mine ventilation. Pro- 
duction at both of St. Piram’s Cornwall 
mines totaled 1,541 tons of tin-in-con- 
centrate. 

Wheal Jane Ltd.’s production continued 
to decline, with output of tin-in-concentrate 
down 11% from that of 1975. Low tin prices 
in 1975 limited cash flow, thereby interrupt- 


Table 14.—Tin: World mine production, by country! 


(Metric tons) 
Country 1974 1975 1976P 
North America 
MR i cepa et at Pa cea eee UOS e 1924 319 275 
Ü ⁰¹Ü Vd eee Su xs 400 378 481 
United States sss W W W 
South America: 
77ööĩÜͤ.᷑;.! ⅛o⅛»G-»G. mm Zn a EE 1556 538 3600 
Jö n one ſ0¼¼½ ..: K ĩðͤ 8 29,498 28,785 29,812 
ü 2 oho cs c evel 8 r 34, 400 r 35,000 5,900 
Bake ü ⁵ ↄðDſſſ νο αι απο μμ 155 158 273 
` Crechoslovakia ο ολων ae ðͤ v ⁵⁰ tp 148 116 3180 
πιο σπα TERN CNN usnu, 142 49 κα 
German , East? a a ¹é¹ddg! ο ee ees 1,120 1,120 1,120 
Portúgal co A ah Sty, Sa 424 375 354 
%% ⁰ ¹“¹⁰mquAl hs Se as 643 737 390 
USSR? Ld nue ie Li 8 29,500 30,000 31,000 
United Kingdom _ _ _ _ - - -. 8,827 3,330 3,323 
Africa: 
Bühl πω νυν 100 100 100 
Cameroon nuu ⁵ ec r...... 8 19 19 €19 
Moroco lcu ey t 4 a ae 
1111 xx απ 79 98 991 
Nigora ο nau echoes e 2 DL 88 5,455 4,652 8,710 
Rhodesia, Suthernns nd 600 600 600 
Rwanda? ________________________ 1,300 1,250 1,200 
South Africa, Republic of ............- -.-.-.-.-----.-.----------- 2,542 2,643 2,184 
South-West Africa, Territory F ĩ ος es 181 160 785 
Swaziland? _________________________________ ri 11 E 
ἐκ το ιτ —— nmm ο Eee E O 3 us 11 2 3 
[ganda ose . 8 199 3117 3120 
ABI llc nu i a eee 14,675 4,562 34.000 
Zambia? 2. nolo s ----------.-----ο-ὃ----ᾱ- 11 10 10 
Asia: 
Burmaš ο ο a M ee Dr 1600 1750 750 
People's Republic ola 000 22,000 20,000 
8 a mm F JJ ⁰⁰vTd METER REN 25,021 24,391 
Japan ee ³ Sm Lugu doe 548 659 643 
Korea Republic Of lnc ee Later AL 14 4 85 
P— Áo at EA EEEE Pr a ae 8 594 518 3576 
un Pu c qM TT rM 68,124 64,364 63,401 
I ³⁰Üww-w-- ³Üwü LEE nuca 339 16,406 20,452 
Vietnam? ___________________________ sa 250 250 250 
Oceania: Australia 710,481 9,114 10,964 
CCöö˙sͤ ³·Ü5a2AAſͤ ͤ;ͤ‚ ͥũ½· 0... ð x A DU E 122,880 224,180 225,155 


Estimate. Preliminary. Revised. W Withheld to avoid disclosing individual company confidential data. 
1Contained tin basis. Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, 


London, England. 


*Total of COMIBOL output. including COMIBOL purchases from lessees operating in COMIBOL mines and medium 


and small mines' sales to ENAF plus their exports. 
SEstimate by the International Tin Council. 
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ing Wheal Jane's development program and 
resulting in the lower output. The company 
obtained a loan of $6.8 million, 60% of 
which was provided interest-free by the 
Government, to finance a 3-year develop- 
ment for driving additional access tunnels 
and improving the efficiency of the concen- 
trator. 

Geevor Tin Mines Ltd. obtained a 
$900,000 low-interest loan to continue its 5- 
year expansion plan. Geevor mined 110,354 
tons of ore during the year, recovering 948 
tons of 6596 tin concentrate. 

Production began in February at the 
Mount Wellington mine of Cornwall Tin & 
Mining Ltd., but the mine operated only at 
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about 30% of capacity during the year 
owing to water seepage and labor problems. 
Ore reserves were over 1 million tons with a 
tin content of 1.35%. The capacity of the 
mill was 200,000 tons of ore per year, 
yielding 1,600 tons of tin per year. 

Zaire.— The final phase of company 
mergers in the Kivu Province took place in 
February. Cobelmine-Zaire and Syndicat 
Miniére de l'Etain (Symetain) combined to 
form Société Miniére et Industrielle du 
Kivu (Sominki) The Zairian Government 
held a 2046 interest in the company. Somin- 
ki produced 3,315 tons of tin in concentrate 
in 1976. 


Table 15.— Tin: World smelter production, by country! 


(Metric tons) 
Country 1974 1975 19165 
North America 
777; s s ος πο p £e  zIT=ll FF s 1,200 1,000 

United Stats „„ 6,096 6,500 5,700 

South America: 
Argentina? το (/ ee LL y é 120 120 120 
J§ÜöÜ ec ο ο Sig yes ee i 17,049 1,538 9,185 
Βατ κας ο ele RR Scd ue en Du a e LIAE 4,850 5,400 6,600 
Belgium uem xn ee mx 8,418 4,562 4,068 
Czechoslovakia . 2... „„ 120 108 110 
Germany, Eat "1,200 71,200 1,200 
Germany, Weuũttttdtdlu „ 1,884 1,806 1,449 
Portugal eur LU I EE 450 409 855 
οι 2-562 Lec i m e 88 6,160 8,042 5,868 
USSR! o οι ⁵ñ% ᷣ Cr: 8 29,500 80,000 81,000 
United Kingdoowmnumnmmmmmwn é 120, 404 11,520 ,848 

ica: 
/ S s ow C LEE T5 ($) m 
ö§ͤ§Ü ð —-:: s LI a Lo 5,574 4,671 8,667 
Rhodesia, δομίποτη"............-.-----------------------------.--. 600 600 600 
oUm Africa, wet ^ τος το τς κο 854 180 688 
——— ——————————— ——— Á— 71,016 648 3600 
Sane People's Republi f° 20,000 22,000 20,000 
eople's C40. A 88 ; ; ; 

Ba RERUM E JJ ο ο v EENE 15,066 17,825 22,202 
Jose —— (Ku ĩðây ĩ ορ RES 1.328 1.212 1,144 
0% AA P r 783,063 83,070 78,017 
Thailand ος Z, ¿L Suyu. SSS . S s 19,827 16,630 ,997 
Mietham" umen orc c Lit t PL LE LE 200 200 200 
Oceania: Australia ........ ...............------..----.----------.-΄-- 6,714 5,254 5,603 
Tol τν ο ⁵ðV-- eiu MI 8 1236, 198 230,596 228,856 


PPrelimi 


*Estimate. liminary. "Revised. 
ata derived in part from the Monthly Statistical Bulletin of the International Tin Council, London, England. 


te by the International Tin Council 


Smelter output from domestic ores is as follows in metric tons: 1974— 400; 1975— 378; 1976— 481. 


“Includes tin content of alloys made directly from ores. 


sTin spend: of K production from Metabol and Peru smelters plus exports by ENAF smelter. 


*Revised to 
Includes small production of tin from smelter in Singapore. 
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TECHNOLOGY 


The Institution of Mining and Metallurgy 
sponsored a meeting in London on tin tech- 
nology and economics.“ Papers were pre- 
sented on surface and underground pro- 
duction, tin ore treatment, smelting, refi- 
ning, marketing, and uses of tin, impact of 
substitution, and tin supply and demand. 

A process was developed for recovering 
underground sulfidic or oxidic ores of tin in 
metallic form.’ Electric induction heating 
by alternating current was used to melt and 
break the ore, yielding metal which was 
pneumatically pumped to the surface. 

A sled for recovering sedimentary tin 
from the ocean floor was developed.* The 
sled incorporated a bucket elevator mecha- 
nism that was loaded from a concentrate 
collector on the sled and emptied onto a 
surface vessel. 

Continued research on froth flotation 
beneficiation of tin yielded several patent- 
able processes.? One process, requiring rela- 
tively low-cost reagents, uses a coarser feed 
than usual and has increased yield. Flota- 
tion can take place between pH 2.0 and 8.0 
in the presence of alcohols and/or oils as 
frothers and sodium hexafluorosilicate or 
sodium silicate as a suppressant. Another 
method uses a cyanide reducing agent to 
lower the valence state of the tin-containing 
particles, improving their floatability in the 
presence of an olefin alcohol or propargyl 
carbinol collector agent. 

Australia’s Commonwealth Scientific & 
Industrial Research Organization (CSIRO) 
developed a highly efficient method of pro- 
cessing low grade (20% to 30%) tin 
concentrates.’° The submerged combustion 
process uses a double tubed lance to inject 
reductants and air below the surface of the 
molten concentrate. CSIRO claimed the pro- 
cess is at least 20 times faster and more 
energy efficient than conventional melting 
techniques. 

The International Tin Research Council 
sponsored the First International Confer- 


ence on Tinplate." Papers on marketing, 
production, canmaking, can performance, 
lacquering, quality control, and metals re- 
clamation were presented. 

Bethlehem Steel Corp. developed an 
organic-coated blackplate.’? It was stated 
that although the process was not competi- 
tive with 0.25-pound-per-base-box tinplate 
when coated at a toll coater’s facility, it was 
competitive when coated at the end users 
inhouse facility. A  single-side organic- 
coated blackplate would offer a savings 
over the 0.25-pound-per-base-box tinplate 
whether coated inhouse or by a toll coater. 

A new miticide based on bis (trineo- 
phyltin) oxide for controlling a wide range 
of plant-feeding mites became commercially 
available.'* Research on lead-calcium-tin al- 
loys for use in maintenance-free batteries 
was summarized, and commercial applica- 
tions of such alloys were discussed.!“ Lead- 
copper-tin batteries offer prolonged shelf 
life, and reduced battery failure due to 
positive grid oxidation. They require no 
water additions in normal circumstances. 


Mining e. Tin-Technol and Economics. V. 
196. No. 2., rus iM: p. 93; available from the 
Institution of Mining and Metallurgy, 44 Portland Place, 
London W1N 4BR, England. 

zum International. Tin Recovery Processes. V. 50, 1977, 


"ena International. Tin Recovery Processes. V. 49, 1976, 


p. 426 
Engin eering and Mining Journal. Patents. V. 178, No. 
8, March 1977, p. 238. 
p. 200 International. Tin Recovery Processes. V. 49, 1976, 


b. ἵστα International. New Australian Smelting Process. 
V. 49, 1976, p. 304. 

11International Tin Research Institute. First Interna 
nal Tinplate Conference, London, England, Oct. 5-8, 1910 
TTRA Pub. No. 530, 464 pp. 

1 Vander Vern, P. J., D.C. Shah, G.A. Perfetti, and H. 
Darlington. Coated Blackplate: Steel’s Salvation in Beve- 
rage Cans? Mod. Metals, v. 32, No. 12, January 1977, pp. 


u us C.J. À New Organotin Miticide. Tin and Its 
ses, Quarterly Review (Tin Res. Inst.), No. 110, 1976, pp. 


14Dinsdal M. Lead-Calcium-Tin Alloys for the Lead- 
Acid Batter Battery: Fin and Its Uses, Quarterly iew (Tin Res. 
Inst.), Pa No. 110, 1976, pp. 12-14; Part 2, No. 111, 1977, 


pp. 13-15. 


Titanium 


By Langtry E. Lynd! 


U.S. production of titanium sponge metal 
in 1976 was 41% less than in 1975. Con- 
sumption of sponge metal was 13,315 tons, 
down 24% from that of 1975. Ingot pro- 
duction and consumption were each about 
21,000 tons in 1976 or about 15% less than 
in 1975. Sponge inventories dropped from 
5,669 tons to 3,617 tons, and scrap metal 
consumption increased from 8,316 tons in 
1915 to 9,211 tons in 1976. Titanium dioxide 
pigment production was about 713,000 tons, 
18% higher than in 1975. Pigment imports 
increased to about 70,000 tons from about 
16,000 tons in 1975, probably due to larger 
imports by NL Industries, Inc., from its 
European subsidiaries to offset limited pro- 
duction at Sayreville, N.J. 

Domestic ilmenite production declined 
during 1976 for the third consecutive year 
to 652,404 tons, down 9% from 1975 pro- 
duction. However, imports of ilmenite, nat- 
ural rutile, and synthetic rutile increased 


38%, 18%, and 48%, respectively. Titanium 
slag imports were 19% below the 1975 level. 

The main price changes during 1976 were 
a decrease in the price of rutile to $A230 
to $A240 per metric ton ($244 to $254 per 
short ton) f.o.b. Australian ports; an in- 
crease in the price of QIT slag to $90 per 
long ton f.o.b. Sorel, Quebec; a 3-cent-per- 
pound increase in the price of titanium 
dioxide pigments to 46.5 cents per pound for 
rutile and 41 cents per pound for anatase; 
and a decrease in the price of imported 
sponge from about $2.70 to $2.45-$2.50 per 
pound. 

Legislation and Government Pro- 
grams.—In June, the Federal Preparedness 
Agency, General Services Administration, 
reinstated a stockpile objective for titanium 
sponge metal at 32,329 short tons. In Octo- 
ber, the Agency recommended a new stock- 
pile goal of 131,503 tons, based on 3-year 


! Physical scientist, Division of Nonferrous Metals. 


Table 1.—Salient titanium statistics 


1972 
United States: 
Ilmenite concentrate: 
Mine shipments... _ _ _ Short tons 739, 801 
Vale thousands 316,739 
Imports short tons 14,836 
Consumption ο _ ,984 
Titanium slag: 
Imports do 298,259 
Consumption do- 264,095 
Rutile concentrate, natural and 
synthetic: 
ουκ. ο — T8 do 220,533 
Consumption do 242,158 
Sponge m 
Imports for consumption do 3,808 
Consumption do 13,068 
Price: > aoea 31, $1.32 
per poungd : 
World production: 
Ilmenite concentrate short tons__ 2,702,898 
Titanium slag ___ --.-.--- do 924,084 
Rutile concentrate, natural do 351,380 


Revised. 
1Excludes U.S. production data in order to avoid disclosing individual company confidential data. 


1973 1974 1975 1976 
804, 355 155,338 102,252 617,896 
$20,128 $22,715 $26,946 $27,578 

69,641 82,448 122,010 168,402 
807,733 851,977 747,821 822,259 
237,248 236,272 212,682 171,624 
281,791 257,125 147,965 8,964 
226,860 246,489 224,499 281,712 
276,907 292,661 231,430 237,718 

9,172 6,963 4,190 1,718 

20,173 26,896 17,626 18,315 

$1.42 $2.25 $2.70 $2.70 

2,983,123 73,518,640 3,217,943 3,511,556 
947,394 ,023 831,506 911,043 
885,284 "397,765 1416,775 1471,053 
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war criteria for establishing stockpile ob- 
jectives. The quantity of specification tita- 
nium sponge metal in the Government 
stockpile in December 1976 was 27,853 tons. 
In addition, there was 4,476 tons of nonspec- 
ification material. 

In October, the Government stockpile 
goal for rutile ore was set at 173,928 tons 
and total rutile stockpile inventory in De- 
cember 1976 was 39,186 tons. 

In December 1976, the Antitrust Division, 
U.S. Department of Justice, began an in- 
vestigation of price fixing in the titanium 
metal industry, following voluntary disclo- 
sure by NL Industries, Inc., that certain 
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employees of its affiliate, Titanium Metals 
Corporation of America (TMCA), had 
discussed titanium pricing with competitors 
during the period 1971 to early 1976. 

Plans for the proposed B-1 strategic bom- 
ber raised expectations that titanium metal 
demand would increase significantly, be- 
cause each of the planned 241 aircraft 
would require about 175,000 pounds of tita- 
nium. The whole B-1 program would proba- 
bly require over 20,000 tons of ingot and 
would consume about 5% to 10% of annual 
U.S. mill product production for several 
years. 


DOMESTIC PRODUCTION 


Concentrates.—Production and  ship- 
ments of ilmenite concentrate decreased 9% 
and 1296, respectively, in 1976, the third 
consecutive yearly decline for both catego- 
ries. Titanium dioxide contained in concen- 
trates shipped was 7% less than in 1975, 
although the average TiO; content increas- 
ed from 57.6% in 1975 to 60.7% in 1976. A 
98% increase in production at the Titanium 
Enterprises mine, Green Cove Springs, Fla., 
and increases of 9% and 45% from the 
mines of ASARCO Incorporated and SCM 
Corp., Glidden-Durkee Div., both near 
Lakehurst, N. J., were insufficient to offset 
decreases at the mines of NL Industries, 
Inc., Tahawus, N.Y., and Humphreys Min- 
ing Co., Boulogne, Fla. Production at the E. 
I. du Pont de Nemours & Co., Inc., mines, 
Starke and Highland, Fla., increased about 
3%. The large decrease in preduction at 
Tahawus resulted mainly from reduced de- 
mand because of the prolonged strike at the 
Sayreville, N.J. pigment plant. 

Kerr-McGee Chemical Corp. completed 
construction of its synthetic rutile plant at 
Mobile, Ala., which has a reported pro- 
duction capacity of 110,000 tons per year. 
This plant was to provide feed material for 


3New York Times. Titaniferous 


a proposed new pigment plant to be built at 
Mobile with a capacity of 50,000 tons per 
year of titanium dioxide pigment and for a 
similar 10-year old pigment plant in Hamil- 
ton, Miss. The synthetic rutile plant was to 
initially consume ilmenite from Australia 
and employ the Benilite Cyclic Process, 
which involves partial reduction of ilmen- 


ite, leaching of the reduced ore with 18% to 


20% hydrochloric acid to remove iron, and 
recovery of the acid from the spent liquor. 

The U.S. Geological Survey announced 
discovery of a sand deposit of glacial origin, 
containing 31 million tons of ilmenite and a 
smaller quantity of rutile. However, the 
ilmenite occurs mainly in mixed grains, 
intergrown with silicate minerals and prob- 
ably could not be recovered profitably under 
present economic conditions.? 

A perovskite deposit in southwestern Co- 
lorado owned by Buttes Gas & Oil Co. was 
estimated to contain about 50 million tons 


Ores Found on Ad- 
irondack Fringe. V. 125, No. 43,197, May 1, 1976, p. 40. 

U.S. Geological Survey. Titanium Found in 
Upstate New York Sand Deposits. U.S. Geol. Survey News 
Release, Apr. 27, 1976, 2 pp. 


Table 2.— Production and mine shipments of ilmenite concentrates! 
from domestic ores in the United States 


Production Shipments 
Year (short tons, Short tons TiOs content Value 
gross weight) (gross weight) (short tons) (thousands) 
1912. νο c celat ed ꝛ E 611, 739,801 411,553 16,739 
/;ö˙§%Ä d 8 776, 013 804, 355 541 20,1 
11Jĩ.Üͤ ] ́ ]] um eter 88 744,571 755, 338 434,605 22,715 
1öÜöÄàd“ uhi ca é RE eT Oa E SiC E E 717,281 102,252 404,269 26,946 
1976... ώμο hs ie a a ee ee gk 652,404 617,896 874,989 27,578 


1Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
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of TiO. The deposit was also reported to 
contain a significant quantity of colum- 
bium, thorium, rare-earth elements, and 
apatite. Processes to convert the perovskite 
to titanium dioxide were being investigated 
and economic feasibility studies were being 
carried out. 

Ferrotitanium.—Ferrotitanium was pro- 
duced by Shieldalloy Corp. at Newfield, 
N.J., and by Reactive Metals and Alloys 
Corp. West Pittsburgh, Pa. As in the years 
prior to 1976, most of the production con- 
tained 40% titanium or higher. 

Metal.—Production of titanium sponge 


Welding & Manufacturing co 


American 
Crucible, Inc., Colt Industries 


Teledyne PG —— o e ³AA6¹ 


Titanium Metals Mal of America 
Titanium W 


1Now a subsidiary of Pechiney Ugine Kuhlmann Corp. 


Titanium West ceased production during 
1976. American Welding and Lawrence Avi- 
ation began ingot production in 1976 and 
1975, respectively. 

Pigment.—Pigment preduction was 1896 
higher than in 1975. Shipments were up 
2490 and the value of shipments increased 


Company and plant location 


ona Ge τοτε ολ σος. 


American Cyanamid Co., 
E. I. du Pont de Nemours ἃ Co, lnc 


Capital allocations of $40 million were 
made by Du Pont for preliminary work on a 
new chloride process pigment plant to be 
built at De Lisle, Miss. The plant was 
reported to have a planned capacity of 
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metal in 1976 was 41% lower than in 1975. 
Ingot production was down about 15% from 
the 1975 levels. 

Sponge producing companies were 
TMCA, Henderson, Nev., jointly owned by 
NL Industries, Inc., and Allegheny-Ludlum 
Steel Corp.; RMI Co., Ashtabula, Ohio, own- 
ed by National Distillers & Chemical Corp. 
and United States Steel Corp.; and Oregon 
Metallurgical Corp., Albany, Oreg., owned 
by Armco Steel Corp. and Ladish Corp., 
which resumed production late in 1976. The 
following 11 companies produced titanium 
ingot: 


Plant location 


40%. Rutile pigment accounted for 75% of 
total production and was produced by 6 
manufacturers. Five companies produced 
anatase pigment. Companies producing tita- 
nium dioxide pigment during the year with 
plant location and nominal capacity in tons 
per year were as follows: 


Pigment capacity (tons per year) 


F 50,000 50,000 
PFF L 30,000 
FF e 160,000 
ον — nÓ EA ο 235,000 
3233 e ere a te e 50,000 
I ge οσα 100,000 us 
P TR 125,000 iu 
ο ο νοκ ος 42,000 = 
οσο πω ον pe 30,000 
5 RUN TI BR D 55,000 30,000 
"νο ου € e" 30,000 
PFC 872,000 615,000 


150,000 tons per year and was expected to 
be completed in 1979 at a cost of about $150 


Wall η ο Buttes Says Studies on Colorado 
No. cR Feb. 2 Major Deposit of Titanium Ore. V. 187, 
Feb. 24. 1970. 5 6 p. 6. 
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Table 3.— Titanium metal data 
(Short tons) 
1972 1973 1974 1975 1976 
S E =Ë 
porta for consumption ...............-.- -.-.-.-. -.-.-. -. -. -..-. 8,808 5,172 6,963 4,190 1,778 
Industry stock -. -.-. -.-- -.----.-.-- ---.-.-..-- -. -.. 1,816 1,941 3,822 5,669 8,617 
Government stocks (total inventoryᷣů i)!) 35,015 32,517 31,104 31,692 32,929 
Consumption 13,068 20,173 26, 11,626 13,815 
ü ͤ K 7.802 10055 10,59 8316 9211 
Stocks J. ĩðV TUS PS ο ĩ 4296 4,447 5,517 6,132 5,764 
Productioun ! „ 20,261 28,982 36,132 25,560 21,614 
Consumption _______________ ~~ ~~ 22222-2 ,499 25,409 1,563 24,486 21,004 
e μμ μμ he ee pn ΝΑ ΝΑ ΝΑ 1,082 2,084 
Net shipments of mill products? ds 12,627 14,530 17,443 15,628 14,498 
NA Not available. 
1As of December 31 each year. 
*Includes alloy constituents. 
*Bureau of the Census, Current Industrial Reports Series DIB-991. 
Table 4.—Titanium pigment data 
(TiO, content) 
: 1 
Year uns 5250 eR — e, f.o.b 
ue, f.o.b. 
τ (short tona) (thousands) 
ü πο a νο S EEE 693,281 125,059 $346,624 
/ οκ ρα ³ ſyſ PL A LA 184,996 793,991 404,639 
DO DOR ος pa sp v ͤ a pusa eae r786,672 759,068 513,409 
1975. Lun το nnn; ²⁰ ¼ km k ua tL k E 603, 516,097 423,101 
1976F” ος οτε ! PRECES 8 112,940 111,714 594,846 
PPreliminary. "Revised. 
Includes interplant transfers. 


Source: Bureau of the Census. 


million. Du Pont's production of upgraded 
ferric chloride as a byproduct of pigment 
production at its Edge Moor, Del., plant was 
expected to reach close to its 150,000-ton- 
per-year ferric chloride capacity by the end 
of 1976. The company was reported to be 
upgrading and selling about 20% of its 
waste ferric chloride in solution form early 
in 1976 and planned to be selling around 
80% of it by 1979. Ferric chloride is used in 
water purification. 

NL Industries was planning to build a 
100,000-ton-per-year pigment plant using its 
own chloride process which can utilize low- 
er grade feed materials such as beneficiated 
ilmenite as well as rutile. Α site in the 
Southeastern United States near the com- 
pany's raw material sources was being con- 
gsidered. Start of construction was planned 
for 1979, following anticipated completion 
of a 40,000-ton-per-year chloride process 
plant at Leverkusen, West Germany, where 
NL also operates a sulfate process plant. 

The strike at the NL Industries Sayre- 


ville, N.J., plant, which began in early 
February, was settled in December, but 
production was not resumed until mid-1977. 
The plant was operated by management 
and technical personnel at somewhat less 
than 50% of capacity until September 1976. 

Kerr-McKee Chemical Co. planned to 
build a chloride process plant of 50,000 tons 
annual capacity at Mobile, Ala. The plant 
was to be supplied with feed material from 
the company's rutile plant that was com- 
pleted at Mobile in 1976. 

American Cyanamid Co. appealed a deci- 
sion by a special hearing officer of the State 
of Georgia that the company could be fined 
up to $300,000 for continued pollution of the 
Savannah River by effluent from its Savan- 
nah, Ga., pigment plant. À State antipollu- 
tion deadline had been set for December 31, 
1972. The company claimed it was impossi- 
ble to build a new waste treatment plant by 
the deadline. American Cyanamid did open 
a new waste treatment plant in August 
1975, but had operational problems 
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with the process that converts pigment Georgia Supreme Court upheld a lower 
plant waste into gypsum and a nonpolluting court decision overturning the fine that had 


liquid effluent. In September 1977, the 


been levied against the company. 


CONSUMPTION AND USES 


Concentrates.—Consumption of ilmenite, 
rutile, and titanium slag increased 10%, 
896, and 38%, respectively, from 1975 levels. 

Metal.—Consumption of titanium sponge 
and ingot decreased 24% and 14%, respec- 
tively; scrap metal consumption increased 
11%. Net shipments of mill products 
decreased 7% from the 1975 level, but the 
amount of castings shipped increased 7% to 
251 tons. The quantity of pipe and tubing 
Shipped, including other extrusions, in- 
creased 16% to about 2,800 tons. The most 
significant declines were in rod and bar 
shipments, off 22% at about 1,300 tons, and 
flat rolled products, down 15% to about 
3,700 tons. Forging and extrusion billet 
shipments amounted to about 6,500 tons, 
down 7% from the 1975 level. 

Aerospace applications, both military and 
commercial, continued to dominate the 
market for titanium metal with production 
of the McDonnell Douglas F-15 accounting 
for a substantial portion of mill product 
shipments. The use of titanium in chemical 
processing and other industrial applications 


continued to grow, but did not increase 
sufficiently to offset the decline in require- 
ments of titanium for aerospace applica- 
tions. 

A major industrial use of titanium in 
1976 was for powerplant surface condenser 
tubing, although growth in this area was 
slowed somewhat by cancellation or delay of 
construction of several nuclear power gen- 
erating plants. Other industrial applica- 
tions expected to continue to grow steadily 
include the use of titanium cathodes as 
Starter sheets in the electrolytic refining of 
copper and use in other situations requiring 
high corrosion resistance; for example, pulp 
and paper industries, petrochemical and 
chemical industries, for storage tanks, 
reaction vessels, valves, pumps, and piping. 

Pigment.—Preliminary figures showed a 
24% increase in pigment shipments in 1976, 
recovering most of the decrease that occur- 
red in 1975. Shortages, which might have 
developed because of low inventories, in- 
creased demand, and the strike at the NL 
Industries plant at Sayreville, N.J., were 


Table 5.—Consumption of titanium concentrates in the United States, by product 


(Short tons) 
Ilmenite! Titanium slag Rutile 
Year and product Gross Os Gross TiOs Gross TiOa 
weight content* weight content? weight content? 
1919 2 auem e reti 186,384 461,422 264,095 187,608 242,158 232,231 
19713 ooo ͤ ox 807,133 419,231 281,791 199,287 216,907 263,365 
1914 —— E ο cl 851,977 501,276 257,125 182,257 292,661 277,720 
1975: 
Alloys and carbide _ _ _ _ (2) (2) (3) (3) (2) (2) 
x | M d 55 737,209 424,302 147,965 104,585 191,750 181,128 
elding-rod coatings an 
flu res (3) (3) E ER 710,319 19,782 
Miscellaneous ““ 10,612 8,107 ec m 29 961 28,013 
Totaal 747,821 432,409 147,965 104,585 1231, 430 7218, 923 
1976: 
Alloys and carbide (2) (2) (5) (2) (2) (2) 
igmentss 811.975 490,845 203,964 144,506 201,440 194,950 
Welding-rod coatings and 
flu res (2) (2) ae ze 8,153 1,186 
Miscellaneous* ______ 10,284 7,168 ud i 22,125 20,926 
Total 822,259 498,013 203,964 144,506 237,718 223,612 


*Estimate. 
Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 


Ancluded with “Miscellaneous” to avoid disclosing individual company confidential data. 
Included with “Pigments” to avoid disclosing individual company confidential data. 


“Includes ceramics, chemicals, glass fibers, and titanium metal. 
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averted by increased imports from NL's 
European and Canadian subsidiaries and by 
increased production rates in the rest of the 
industry. Excluding NL, the industry's op- 
erating rate was estimated at close to 85%. 
Ferrotitanium.— The amount of ferrotita- 
nium and titanium metal scrap used in 
steelmaking increased 3896 from 2,159 tons 
in 1975 to 3,802 tons in 1976. The use of 
these materials in stainless and heat- 
resisting steels increased 8096 to 2,008 tons. 
Most of this increase was caused by larger 
amounts of titanium being used in steels for 
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automobile mufflers built to accommodate 
catalytic convertors. 

Ferrotitanium is the main form in which 
titanium is added to steel or other alloys; 
however, scrap titanium is used to make 
some of the ferrotitanium and for direct 
additions to the alloy melt. The following 
table shows the amount of ferrotitanium 
plus titanium scrap used for steel and other 
alloys in 1973 through 1976. Ferrotitanium 
is used in 30%, 40%, or 70% titanium 
grades; information on the amount of each 
grade used is not available. 


Table 6.— Distribution of titanium-pigment shipments, by industry 


(Percent) 
Industry 1972 1973 1974 1975 1916 
Distribution by gross weight: 
y lacquers - - -------------------- -. -.. 53.0 52.7 52.6 58.8 51.1 
Paper E .. 20.4 19.6 18.5 18.8 21.4 
es (except floor covering vinyl-coa 

fabrics and tea tiles, (öͤõͤĩ;ôß1ẽ mm! ꝛ μαμα. 7.7 9.8 11.3 7.4 10.6 
οι. . ñ ße I MU E EE 8.6 8.2 2.7 2.8 2.7 
(bol. Meu EHE" 2.3 2.5 2.1 1.9 1.8 
OUIEE —— o ͥͥͥͥAſfͥſ́Äeſ ͥ t 2 ae ß ek UE 11.8 9.9 8.9 7.7 9.5 
) / a ⅛⁰ ⁰mvrt ές ο rd ue e e 1.2 2.8 8.9 2.6 2.9 
Toul ree EE ³˙W¹¹W— KK y ʒ RE 100.0 100.0 100.0 100.0 100.0 

η. n titanium = content: 
J πο κ d aN E 52.0 52.5 52.5 58.7 51.1 
REL 555553 .. 20.9 19.8 18.7 19.0 21.4 

except floor covering vinyl-coa 
p lS lle ðW— mui aM u S E: S 7.9 9.8 11.3 7.4 10.6 
Rubber JJ ο κα ος ο σαν ĩ έσω 8.7 3.2 2.7 2.8 2.7 
Ceramics -m 2.4 2.6 2.1 1.9 1.9 
ο 1 an E L u ſſſ AAA A AEE 11.9 9.8 8.8 7.6 9.4 
7%; ²⁰’t a eue S 1.2 2.8 3.9 2.6 2.9 
Tol n ou p nbi mue d eec usus 100.0 100.0 100.0 100.0 100.0 
Table 7.—Consumption of titanium products! in steel and other alloys 
(Short tons) 
1973 1974 1975 1976 
i > n oum uM um 
ess and heat-resisting steel __.________________________ ᾿ 

Other alloy steel Gncludes ISLA) muon ù́1(“ç 8 1,158 969 838 818 
Tool stool - τος ο ο ως μας e ⁊èͤ d W W W W 
Total steel? n eo i SS : D ai S s lo, cM 8,104 4,420 2759 3,802 
. ⅛ õ—a.· ³ QO Gêo¼ʒ et ee e e LLL AD Er 124 108 96 100 
Superan ο αμα οσο S 8 588 779 585 455 
oys, than above______________ „„ „ 1,166 2,080 1,548 768 
Miscellaneous and ππδροςσίποὰ...............-.-........-------.----.-..-.-.-..-.. -. -.. 142 84 182 213 
Total conaumptioů nn 5,119 7,421 5.170 5,8398 


w Withheld to avoid disclosing individual company confidential data; included in E and unspecified.” 
Includes ferrotitanium containing 30% to 70% titanium and titanium metal scra 
Except for data withheld and for unspecified included under “Miscellaneous and unspecified." 
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Figure 1.—Salient trends of titanium products, 1975-76. 


STOCKS 


During 1976, inventories of ilmenite, tita- ber 1975 level. Scrap inventories decreased 


nium slag, and rutile increased 11%, 13%, 60% during 1976. Industry stocks of vari- 


and 9%, respectively. Stocks of titanium 
sponge increased in the first quarter of 


ous grades of titanium pigment were 71,556 


1976, then decreased for the rest of the year, tons at the end of 1976, down 17% from the 
and at yearend were 36% below the Decem- corresponding 1975 figure. 


Table 8.—Stocks of titanium concentrates 
in the United States, December 31 


(Short tons) 
Gross Ti 
weight content* 
Ilmenite 
κ oru 512,597 325, 918 
1915 636,881 878,181 
1916. x 707,898 429,801 
Titanium slag: 
1914. nu 57,932 40,836 
μμ μονη 87,683 62,130 
7 99,108 70 
Rutile: 
19141 —- lor 107,821 1,894 
BOTS: -.ᾱ-.----ζι-----ς 139,572 181,742 
I0 ο mos 52,251 
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PRICES 


Concentrates.—Price quotations for il- 
menite (imported, 54% TiO.) in domestic 
markets remained at $55 per long ton 
throughout the year. Australian ilmenite 
prices remained at $A15 to $A18 per metric 
ton f.o.b. Australian ports. Indian concen- 
trates (58% to 60% TiOs) were steady at $23 
per long ton f.o.b. Indian ports. 

Rutile spot prices bulk, f.o.b. cars at 
Atlantic, Gulf, and Great Lakes ports were 
quoted at $710 per ton in January and at 
$510 in February and for the remainder of 
the year. Long-term contracts presumably 
were concluded at somewhat lower figures. 
Published prices f.o.b. Australian ports be- 
gan the year at $A240 to $A250 per metric 
ton, decreasing to $A230 to $A235 in the 
third quarter. Declared valuations of ship- 
ments entering U.S. ports were in the range 
of $138 to $551 per short ton in January and 
$128 to $276 per short ton in December 
1976. Declared valuations of synthetic rutile 
shipments entering U.S. ports averaged 


$150 per short ton for the year, and c.i.f. 
value averaged $190 per short ton. 

Titanium slag f.o.b. Sorel, Quebec, in- 
creased to $90 per long ton on January 1, 
1976, and remained at that level throughout 
the year. 

Metal.—Domestic titanium sponge was 
quoted at $2.70 to $2.75 per pound through- 
out the year. Published prices for Japanese 
sponge were $2.65 to $2.70 per pound early 
in the year, but dropped in June to $2.45 to 
$2.50 per pound and remained there for the 
rest of the year. Quotations for mill pro- 
ducts throughout the year were as follows: 
Bar, $7.48; billet, $4.86; plate, $6.50; and 
sheet and strip, $11.90 per pound. 

Pigment.—The price of titanium dioxide 
pigment in carload lots increased during 
the first half of 1976 to 46.5 cents per pound 
for rutile and 41 cents per pound for ana- 
tase, and remained at these levels for the 
rest of the year. 


FOREIGN TRADE 


Titanium dioxide exports in 1976 amount- 
ed to 20,580 tons, 30% above the 1975 total. 
Of the 1976 total, Canada received 18%, 
Venezuela 16%, Brazil 12%, other Latin 
American and West Indian countries 15%, 
Western Europe 12%, Republic of Korea 
11%, Japan 7%, other Far Eastern nations 
6%, and other countries 3%. 

Exports of unwrought, waste, and scrap 
titanium were 42% higher than in 1975; 
51% went to the United Kingdom, 23% to 
Belgium, 11% to Italy, and 4% to Spain. 
The average valuation was 70 cents per 
pound, 18 cents per pound less than in 1975. 
Exports of intermediate mill shapes and 
mill products were 44% lower than in the 
previous year. 

Imports of ilmenite from Australia in 


1976 were 71% greater than in 1975. Im- 
ports of Sorelslag were 19% less than in 
1975. Imports of natural rutile were 18% 
higher and imports of synthetic rutile were 
48% higher than in 1975. 

Imports of unwrought, waste, and scrap 
titanium were 28% less than those of 1975. 
Of the 1976 total, 1,778 tons was sponge, 
which came from Japan (1,360 tons), the 
U.S.S.R. (256 tons), and the United King- 
dom (162 tons). The sponge shipments from 
Japan, the U.S.S.R., and the United King- 
dom had an average declared valuation of 
$2.01, $1.78, and $1.91 per pound, re- 
spectively. 

Imports of pigment totaled 68,497 tons 
during the year and constituted 9.6% of 
domestic consumption. 


Table 9.—U.S. exports of titanium products, by class 


Ores and Metal and alloy Pigments and 
concentrates sponge and scrap μ.ο... oxi 
SN 6.6. 
Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) eands) 
1914. ee 8,264 $121 4,780 $9,288 1,719 $19,600 130,879 1824,575 
πο A 8,147 505 4,826 7,630 1,900 24,726 15,807 12,110 
19160. —— um. DL L 4,802 477 6,144 8,547 1,065 15,039 20,580 1 


Data adjusted by the Bureau of Mines, U.S. Department of the Interior. 
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Table 10.—U.S. imports for consumption of titanium concentrates, by country! 


1974 1975 1976 
Count Quantity Value Quantity Value Quantity Value 
d (Short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Ilmenite: 
Australia 64,506 $1,176 98,352 $1,674 168,402 $2,646 
mx νο EE S 805 12 221 11 MEN eed 
India ___________________ 217,637 260 19,428 317 a Mà 
Sri Lanka _______________ Da TM 4,010 51 EH e" 
„ essre 82,448 1.448 5122010 2,059 168,402 2,646 
Titanium slag* _______________ 236,272 12,267 212,682 13,844 171,624 18,291 
Rutile, natural ; 
Australian 189,622 81,758 166,298 85,494 196,035 42,037 
NP how erie μμ. 586 271 135 58 ee == 
Indià p 2 ee τα ας reer ES 4,409 827 Pen E OS n 
ll! 194,617 32,862 166,433 35,552 196,035 42,087 
Rutile, synthetic: 
Australia! 14,454 1,851 84,222 6,218 43,866 6,955 
τμ σωμα A 10,976 1,348 6,614 900 11,011 1,668 
Japan .......... ................... 26,442 2,112 16,878 8,599 26, 363 3,193 
Taiwan __ n Ἐπὶ wor 853 92 4,491 996 
Total! 51.872 5,911 358,066 310,810 85,677 12,812 
Titaniferous iron ore: Canada _ _ _ _ _ _ 201,256 2,373 46,031 1,255 91,692 2,118 


Data adjusted by the Bureau of Mines. 
May have been used in heavy 


aggregate 
3Data do not add to total shown because of independent rounding. 


All from Canada. 


5Country of transshipment rather than country of production. 
Includes materials consumed for purposes other than production of titanium commodities, principally heavy 


aggregate and steel furnace flux. 


Table 11.—U.S. imports for consumption of unwrought titanium and waste and scrap 


/ 1974 1975 1976 

Count Quantity Value Quantity Value Quantity Value 

Ed (short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
Australia ___ _ _ _ _ _ ee -- "p 3 $5 T uns 
I.T L s D: Z. TP 1,299 $874 E UE τως TUR 
Belgium-Luxembourg .... -....-.-----...- 14 8 EP = = $24 
KENNTNIS NE MEME sss σος 142 194 154 230 219 291 
ιών ys Sucua Bn tes 8 79 149 41 92 49 
Germany, Wet 247 69 185 153 817 
Πω 8 2,191 6,510 2,545 9,882 1,659 6,114 

Mexico ___ nant 8 8 
Netherlands _________________ deem MS 18 81 152 145 
South Africa, Republic of- n oe e ON 2 4 
πα η. oic c e u SSX Bes T zx 7 26 
Sweden 211 11 61 57 
USSR eut E re: 4,032 7,410 1,698 4,326 142 1,289 
United Kingdom ,972 1 1,84 583 1,428 
Total... — A €—— 9,838 17,887 5,066 16,111 3,638 9,752 
WORLD REVIEW 


Australia.—Australia continued to domi- 
nate world markets in mineral sands, par- 
ticularly ilmenite, rutile, and zircon. In 
1976, ilmenite production was 1,104,300 
short tons including an estimated 18,740 
short tons of leucoxene, about the same as 


in 1975. Rutile production was 435,791 tons, 
15%. higher than in 1975. Exports of ilmen- 
ite were 1,063,373 tons, up 77% from those 
of 1975, and rutile exports were 382,346 
tons, 9% higher than in 1975. Ilmenite 
exports went mainly to the United States, 
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Table 12.—Titanium: World production of concentrates (ilmenite, rutile, 
and titaniferous slag), by country 
(Short tons) 
Country! 1974 1975 1976” 
Ilmenite: 3 
Australia? μον πμ μεσο κακο QUNM ™916,602 1,135,379 *1,104,800 
c ο ο το ο ο ως 7,488 5,066 75,100 
(= p ο ου ο ο μμ αμα” 167,551 135,143 135,148 
ώς ο αι εν πο ος ο Ετος ca Be ον. Σ146.000 90,000 90,000 
Korea, Republic oů 7777 176 i um ΕΒ 
VER Les dd M tee Ln SEA. 169,238 123,782 198,410 
/ a ⁰³d½.ßt..... v Z αν. 934,911 580,549 845, 270 
)) ³ðö ⁵ E 88 302 234 405 
, e . T gg, 856 70, 559 61.524 
United States 744, 571 717,281 652,404 
USSR 20560 e ſ AA tnde us 838,000 860,000 419,000 
Total; μα ee s ⅛o]A ͤöůł v..... 79,518,640 8,217,943 8,511,556 
Rutile: 
Australi 22.2. Lc LU i ea te 851,808 379,283 485,791 
Bra νομών μαμα σα E e 161 115 116 
India ο dudas loe A e Ei iE 6,400 4,000 4,000 
Dr LAMA ao Sa ιο τῳ 450 8,427 1,146 
United States __ _ _ -..-....-.-....... -...-................. 6,446 W W 
USSR 1 tcc uud C eii. MS A v 30,000 30,000 30,000 
TOUR]. p ß Ie UE OO aZ Oe τὸ T997,165 6416,775 6471,053 
Titaniferous slag: 
USER Eq SUM as ,.. Me eee ae iya? 931,168 826,564 907,200 
JEDER ο ο ] e ie E s Se ZT οι ud es ιν. 855 4,942 3,843 
Total. e d ñ d ee Z 936,028 831,506 911,043 
*Estimate. Preliminary. ‘Revised. W Withheld to avoid disclosing individual company confidential data. 


‘In addition to the countries listed, the Republic of South Africa may also produce titanium concentrates, but available 


information is inadequate to make re 
?Ilmenite is also uced in 
almost entirely in slag production (see titaniferous 


slag) 
‘Includes leucoxene as follows in short tons: 1974—16,924; 


e estimates of output levels. 
Canada and reported separately in Canadian sources but is not included here because it is 


1975—18,629; 1976—°18,740. 


5Includes a mixed product containing ilmenite, leucoxene, and rutile. 
not contain U.S. production in order to avoid disclosing individual company confidential data. 


"Contains 70% to 72% TiOs. 


the United Kingdom, Japan, France, and 
Brazil, with rutile going mostly to the 
United States, the United Kingdom, the 
Netherlands, Japan, and West Germany. 

Beach sand minerals supply was report- 
edly exceeding demand as producers were 
completing expansion plans started during 
high price periods in 1973-74. Also contribu- 
ting to the outlook for a continued oversup- 
ply situation was the imminent addition of 
new capacity elsewhere, as at Richards Bay, 
Republic of South Africa, and in Sierra 
Leone. Factors tending to decrease supply 
were the shrinking reserves on the east 
coast of Australia and some reduction of 
rutile production there for environmental 
reasons. 

Early in 1976 the Australian Government 
sharply reduced the minimum permissible 
export price for mineral sand concentrates. 
Late in the year, the Australian Govern- 
ment issued an order withdrawing all ex- 
port licenses for mineral concentrates ex- 
tracted from Fraser Island, Queensland, 
sands effective December 31, 1976. Prime 
Minister Malcolm Fraser said that this 


decision was taken to protect the environ- 
ment of Fraser Island, the largest sand 
island in the world, following recommenda- 
tions from a special environmental commis- 
sion. Fraser Island was described by the 
commission as being of international envi- 
ronmental significance, with beach sand 
mining producing permanent and irreversi- 
ble environmental harm. 

Two companies were affected by the Fra- 
ser Island action: Queensland Titanium 
Mines Pty., Ltd. (owned by NL Industries 
subsidiaries) and D. M. Minerals, Ltd. (a 
partnership between  Dillingham Con- 
struction Pty., Ltd., and Murphyores Inc. 
Pty., Ltd.) Their operations on Fraser Island 
were said to represent about 14% of Austra- ` 
lia's installed productive capacity for rutile. 
Reserves on the island were placed at 
874,000 tons of rutile, 917,000 tons of zircon, 
and smaller quantities of ilmenite and mon- 
azite. The Environmental Minister of Au- 
stralia stated that compensation for the 
mining companies involved would be 
considered. 
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Mineral Deposits, Ltd., was considering 
development of a sand deposit at Agnes 
Water, 80 miles south of Gladstone, 
Queensland. Cost to bring the project into 
production was estimated at $A14 million, 
with annual production of 132,000 tons of 
ilmenite and 22,000 tons of rutile, over a 10- 
year period. 

Western Titanium Ltd.’s mineral sands 
mining and concentrating complex near 
Eneabba, Western Australia, was comple- 
ted, and shipments of concentrates were to 
start in October. The cost of the plant, port 
installation, and housing was estimated at 
$A18.5 million. A merger was announced 
between Western Titanium and Associated 
Minerals Consolidated, Ltd., both members 
of the Consolidated Gold Fields Australia 
Ltd. group. With Western Titanium's En- 
eabba operations expected to be in full 
production during 1977, the combined com- 
panies were expected to have an annual 
production capacity of 440,000 to 550,000 
tons of ilmenite, 143,000 of tons rutile, 
50,000 tons of beneficiated ilmenite, and 
187,000 tons of zircon. 

Westralian Sands was expanding its oper- 
ations at Yoganup, Western Australia, to 
increase ilmenite capacity to 550,000 metric 
tons per year. Instead of rutile and leu- 
coxene, production was to include 55,000 
tons per year of HII 93" (minimum 93% 
TiO») and HII 68” (minimum 68% TiO»). 
The full increase in ilmenite production was 
to await construction of a proposed plant 
that would produce 110,000 tons per year of 
synthetic rutile from ilmenite. 

Western Mining Corp. purchased the Ju- 
rien Bay project, near the end of 1975, not 
far from the Eneabba area, from Black 
Sands Pty. Ltd. for about $A13 million; in 
early 1976 it was building toward full pro- 
duction planned at 33,000 tons per year of 
rutile and 33,000 tons per year of zircon. 
The company's reserves at Jurien were 
stated as 3.5 million tons of heavy minerals, 
with comparable additional reserves at 
nearby partially explored Cooljarloo. 

Alliance Oil Development Australia NL 
and Metals Exploration Ltd. announced the 
discovery of mineral sands deposits at Cata- 
by, 93 miles north of Perth. Drilling so far 
has indicated the presence of about 770,000 
tons of heavy minerals in 10 million tons of 
sand. The heavy minerals consist of about 
10% ilmenite, 7% rutile, 12% zircon, and 
1.5% monazite. 

Brazil.—The New Jersey Zinc Co. made 
an agreement with Mineração Vale do 
Paranaiba, South America, (VALEP) and 
Cia. Vale do Rio Dece (CVRD) to develop a 
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process for producing upgraded ilmenite 
and titanium dioxide from complex ores 
containing anatase. Estimates of reserves 
have ranged from 132 million tons of ore 
averaging 21.6% TiO; up to 1,600 million 
tons of ore containing 10% TiO, near Tapi- 
ra and Salitre, Minas Gerais. The ore occurs 
in carbonatite rocks containing the primary 
titanium minerals perovskite, ilmenite, 
magnetite, and rarely rutile, associated 
with apatite and pyrochlore. The bulk of the 
titanium reserves are anatase and leu- 
coxene, weathering products of the primary 
minerals. Plans were being made to recover 
phosphate, columbium, rare-earth ele- 
ments, and titanium. Production was sched- 
uled to start in May 1978. 

Nearly 94 million tons of titanium ore 
reportedly have been discovered near Cam- 
po Alegre de Lourdes, 500 miles northwest 
of Salvador, Bahia. The deposits were repor- 
ted to contain 20.6 million tons of TiO, in 
the form of ilmenite. 

Titanium Fabrication Corp. (Ti-Fab) of 
Fairfield, N.J., was reported to be setting up 
a fabrication and service organization to 
make titanium metal products in Brazil to 
satisfy what the company referred to as a 
substantial market in that country. A long 
range goal was to establish a primary tita- 
nium metal extraction facility in Brazil, 
utilizing Brazilian ore sources and employ- 
ing electrolytic processing rather than the 
Kroll process for reduction to metal. 

Canada.—Demand for Quebec Iron and 
Titanium Corp. (QIT) Sorelslag was above 
production capacity in 1976 when QIT pro- 
duced 907,193 tons of Sorelslag (70% to 72% 
TiO); 604,796 tons of Sorelmetal (a low 
manganese pig iron); and 156,799 tons of 
Sorelflux (ilmenite ore used as a flux in 
electric steel furnaces) Although demand 
for Sorelslag has been increasing, invento- 
ries of Sorelmetal had built up to 425,598 
tons by September 1976, and recovery in 
demand for this coproduct was very slow. 

Most of the Sorelslag was exported to the 
United Kingdom, Western Europe, and the 
United States, with about 13% sold to the 
two Canadian producers of pigments: Cana- 
dian Titanium Pigments, Ltd., Varennes, 
Quebec, a subsidiary of NL Industries, and 
Tioxide of Canada Ltd., Tracy, Quebec, a 
subsidiary of BTP Tioxide, Ltd., United 
Kingdom. The combined capacities of the 
two Canadian producers, both of which use 
the sulfate process, total about 76,000 tons 
per year. 

An agreement was made between Laur- 
entian Titanium Mines and Inco Limited 
for Inco to provide funds for exploration of 
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Laurentian's titaniferous magnetite deposit 
about 47 miles northeast of Montreal. Inco 
could eventually become the owner of the 
deposit, which has estimated reserves of 124 
million tons of titaniferous magnetite and 
16 million tons of ilmenite. 

European Economic Community 
(EEC).—Common Market ministers repor- 
tedly postponed until 1977 proposals for 
standards to regulate the disposal of wastes 
from titanium dioxide plants. The ministers 
failed to agree on a single set of disposal 
standards that would have required 90% 
reduction of these wastes by 1985. Instead, 
they appeared to prefer a British proposal 
that producers be allowed to continue ocean 
discharge to the extent that plant wastes 
can be absorbed by the surrounding envi- 
ronment. 

Germany, West.—Du Pont reportedly 
gave up its 26% ownership of Pigment 
Chemie, with Metallgesellschaft gaining 
control of the company. Pigment Chemie 
operates a 55, OOO-ton-per- year titanium 
dioxide pigment plant at Duisberg. 

Italy.—Montedison, S. p. A., announced 
plans to phase out the older of its two plants 
at Spinetta Marengo, southwest of Milan, 
since treatment and waste disposal costs did 
not permit profitable operation. The com- 
pany plans to build a chloride process facil- 
ity at Crotone in Calabria, with production 
planned for 1979. Montedison is said to be 
subject to the most stringent pollution con- 
trols in Europe, and the Italian Govern- 
ment has supported Montedison in its ef- 
forts to persuade the EEC commission that 
all European titanium dioxide producers 
should be governed by the same effluent 
controls. 

Society Mineraria Italiana confirmed dis- 
covery of a deposit of rutile in Savona with 
reserves of 31 million tons of ore containing 
6% TiO. . Open pit mining was planned at a 
rate of 1 million tons ore per year, using a 
patented upgrading process to yield 20,000 
tons per year of concentrate containing 95% 

4. 

Norway.—Producton of ilmenite concen- 
trate in 1976 was 845,244 tons. 

Spain.—Titanio S.A. reportedly started 
up a 50,000-ton-per-year pigment plant at 
Huelva, using Tioxide International’s sul- 
fate process technology. Titanio is owned 
55% by Esplosivos Rio Tinto S.A. and 45% 
by Tioxide Group, Ltd. The plant was said to 
be using both the sulfate and chloride pig- 
ment processes. 
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United Kingdom.—The Tioxide Group, 
Ltd., was planning extensive improvements 
and modifications of the BTP Tioxide, Ltd., 
chloride process plant at Teeside, England, 
including replacing original chlorination 
units with a newly developed chlorination 
plant and installating of the most recent 
design of vapor-phase oxidation equipment 
in place of the existing units. 

The Tioxide Group reported a marked 
improvement in sales and profits during the 
first half of 1976, compared with the de- 
pressed levels of 1975. Capacity utilization 
was considerably above the 60% level aver- 
age for 1975. 

Wogen Resources started a new company, 
Wogen Titanium Ltd., which began con- 
struction of a 3,000- to 3,500-ton-per-year 
ferrotitanium plant. Production was ex- 
pected to begin in the first half of 1977. 

Imperial Metal Industries Ltd. (IMD, 
Britain’s only titanium mill products produ- 
cer, began a campaign in August 1976 
against what it called unfair competition in 
the international titanium market. In 
complaints to the EEC and the United 
Kingdom Government, IMI claimed that 
Japanese titanium was flooding the United 
Kingdom market at prices as much as 55% 
below the Japanese domestic prices. It also 
stated that the EEC common external tariff 
of 6% to 8% was hurting its business since 
United States and Japanese import tariffs 
were 18% and 12%, respectively. In Novem- 
ber 1976, there were similar complaints 
about price cutting by the Soviet Union. 

India.—Ilmenite deposits reportedly have 
been found in seabed sediments around 
Ratnagiri in Maharashtra State by the 
National Institute of Oceanography. The 
deposits may contain several million tons of 
ilmenite. 

Work on a titanium dioxide pigment com- 
plex for the State of Kerala was scheduled 
to. begin early in 1977. Plans were for a 
production rate of 24,000 tons per year, 
starting in 1980, with expansion later to 
about 100,000 tons per year. Total cost of 
the project, to be located near Quilon, is 
estimated at about $90 to $110 million, with 
the first stage costing about $55 million. 

Japan.—Toho Titanium Co., Ltd., and 
Osaka Titanium Co., Ltd., produced 6,996 
tons of sponge metal in 1976, a decrease of 
16% from 1975 production. Exports of 
sponge and fabricated products in 1976 were 
1,799 tons and 963 tons, respectively; the 
United States received 75% of the sponge; 
while the Netherlands, West Germany 
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France, and the United Kingdom received 
over 2496. Domestic sales and internal plant 
consumption increased 16% to 4,755 tons. 

Three Mitsubishi-group companies made 
a contract for a 1-year option on the use of 
Du Pont technology for chlorinating higher 
grade concentrates. Formal licensing was 
not yet effected but seemed probable. Mit- 
subishi Metal and Mitsubishi Chemical are 
believed to have developed a new form of 
synthetic rutile. The third company, Asahi 
Glass, is a large producer of chlorine. These 
and other factors suggest that the compa- 
nies were seriously considering a new large 
scale chloride process project, aimed at 
replacing existing sulfate plants that have 
pressing pollution problems. 

Malagasy.—Montedison of Italy comple- 
ted exploration and test work directed to- 
ward exploiting ilmenite deposits near Ta- 
matave on the east coast of Madagascar. 
Montedison announced its acceptance of 
5196 State ownership of the proposed ilmen- 
ite mining venture. Montedison was report- 
edly proceeding with plans for a plant to 
produce 200,000 tons per year of ilmenite 
and 28,000 tons of zircon. 

Malaysia.—Malaysian Titanium Corp. be- 
gan operation of a synthetic rutile plant at 
Ipoh, with expected production of 4,000 tons 
in 1976, 50,000 tons in 1977, and capacity 
production of 100,000 tons in 1980. Malay- 
sian Titanium Corp. is a joint venture of 
Straits Trading Co., Ltd., Pernas Mining, 
Empat Nombor Ekor, Malaysian Tin Smelt- 
ing, and Benilite Corp. of America. Raw 
material used is ilmenite in tin tailings 
from the area around tin mines in Lahat, 
4.5 miles from Ipoh. 

New Zealand.—New Zealand Steel Min- 
ing Co. was reported to have offered to sell 
an additional 1 to 1.5 million tons per year 
of titaniferous ironsand to Japanese steel 
firms starting in 1977 in addition to fulfill- 
ing an existing contract for 1.3 million tons 
per year from the Taharoa sand mines. 
Waipipi Iron Sands Ltd. was also a major 
producer at Waipipi. 

Titanomagnetite ores in New Zealand 
also provide the basis for a local steel 
industry, utilizing the a solid fuel direct- 
reduction process. 

Sierra Leone.—It was reported by 
Bethlehem Steel Corp. and Nord Resources 
that the Export-Import Bank agreed to lend 
an additional $9 million to finance their 
rutile mining venture in Sierra Leone. 
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Bethelehem holds an 85% interest in Sierra 
Rutile Ltd., with Nord holding 15%. It had 
been estimated that the cost of the project 
would be about $28 million. Initial pro- 
duction of rutile was still planned for late 
1978 with an eventual annual rate of about 
100,000 tons of concentrate from a deposit 
containing about ὃ million tons of rutile. 

South Africa, Republic of.—Develop- 
ment of the titanium deposit at Richards 
Bay in Natal was proceeding on schedule. 
Mining was expected to begin in late 1977 
with smelting to start in early 1978. The 
planned annual production rate was about 
440,000 tons of 85% TiO; slag, 62,000 tons of 
rutile, 127,000 tons of zircon, and 239,000 
tons of low-manganese pig iron. About 1 
million tons per year of ilmenite was to be 
produced and smelted in electric furnaces to 
make the high-TiO, slag using Quebec Iron 
and Titanium Corp. technology. The ore 
occurs in dune deposits estimated to contain 
over 770 million tons of heavy-mineral- 
bearing sand. 

Because of its high TiO; content and low 
magnesium content, the Richards Bay (RB) 
slag wil be competitive for use in the 
chloride pigment process as well as the 
sulfate process. Japan's five titanium pig- 
ment producers were reported to have 
concluded a long-term agreement to import 
RB slag at an annual rate between 70,000 
and 100,000 tons. Partners in the $320- 
million Richards Bay project include Que- 
bec Iron and Titanium Corp. (40%), Union 
Corp. (project manager with 3096 interest), 
Industrial Development Corp. of South Afri- 
ca (20%), and the South African Mutual 
Life Assurance Society (10%). 

Tanzania.—It was reported that titanium 
deposits have been found near Mtwara on 
the southeast Tanzanian coast and that 
feasibility studies on exploiting the deposits 
had begun. 

U.S.S.R.—The Soviet Union was report- 
edly planning to exploit rich reserves of 
titanium ore found in the Yaregsk region of 
the northern Ural Mountains. The reserves 
are said to be extensive and higher in grade 
than any previously found in the U.S.S.R. 
Beneficiation methods were being investiga- 
ted. 

Production of titanium metal in the 
U.S.S.R. was estimated at 35,000 tons, 7% 
higher than in 1975. Development of the 
titanium industry continued to be based 
mainly on Ukranian and Siberian ilmenite 
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and rutile. Reports indicated that a titanif- 
erous slag containing 88% TiO; was being 
produced at the Zaporozhye plant in the 
Ukraine. Production of titanium was plann- 
ed to be 39,000 tons in 1977 and 46,000 tons 
in 1980, with exports of titanium sponge to 
be increased significantly. 

The Soviet Union reportedly was plan- 
ning to build a 110,000-ton-per-year tita- 
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nium dioxide plant at Armansk, using the 
sulfate process, at a cost of about $170 
million. Armansk is the site of an existing 
30,000-ton-per-year TiO; plant built using 
technology supplied by Montedison. Possi- 
ble sources of technology said to be under 
consideration by the Soviet Union include 
American Cyanamid, Du Pont, and Kronos 
Titan in West Germany. 


TECHNOLOGY 


The U.S. Geological Survey published a 
series of papers on the geology and re- 
sources of titanium, covering titanium par- 
titioning in rocks, source rocks of titanium 
placer deposits, the types of deposits asso- 
ciated with various rocks, and describing 
some alluvial ilmenite placer deposits in 
central Virginia.* Α separate publication 
reported on heavy mineral resources in the 
Port Leyden area of New York State.“ 

A review of ore dressing investigations on 
Canadian titaniferous ores was published.* 
Aside from the Allard Lake area in Quebec, 
deposits with the best potential include the 
140-million-ton magnetite-ilmenite deposit 
in the Temagami area of Ontario, contain- 
ing 38.5% Fe and 18.7% TiO,, with combin- 
ed concentrates assaying about 48% Fe and 
21.5% TiOs. Less well-known deposits in the 
Lanark and Leeds areas of Ontario yield 
magnetite concentrates containing about 
0.24% TiO; and might be exploitable if the 
present specification of 0.1% TiO, in iron 
concentrate is increased to 0.8% TiO». 

At the Third International Conference on 
Titanium held in Moscow in May 1976, 
emphasis was on improving properties in 
existing alloys such as fracture toughness, 
fatigue, and notch strength as opposed to 
developing new alloys with higher tensile 
Strength. There were papers on processing 
techniques that make more efficient use of 
titanium such as casting, forging, super- 
plasticity, and powder metallurgy. It was 
disclosed that the Soviet titanium industry 
uses hard rock ilmenite as a basic feed 
material, smelting it to obtain a slag for 
chlorination containing 88% to 90% TiO,. 
Japanese titanium producers were report- 
edly using combinations of rutile and sand 
ilmenite (converted to synthetic rutile), or 
rutile and titanium slag. In the United 
States, nearly all the feed material for 
titanium metal manufacture was Austral- 
ian rutile. All titanium-producing coun- 
tries except the Soviet Union were showing 


increasing consumption of titanium for 
commercial applications such as utility sur- 
face condensers, reaction vessels, and dim- 
ensionally stable anodes. 

In the United States, research is contin- 
uing to determine the range of thermome- 
chanical variables under which titanium 
alloys can be processed to achieve maxi- 
mum material utilization with satisfactory 
product properties. Procedures being inves- 
tigated include hot die-forging processes,’ 
impact forming, diffusion bonding, and 
superplastic forming, all of which are cost 
cutting alternatives to machining.* 

A titanium scrap reclamation process 
used by Teledyne Allvac was selected by the 
Air Force Materials Laboratory as the only 
reliable way to recycle aerospace machine 
shop chips and turnings. The problem of 
removing particles of tungsten carbide cut- 
ting tools was solved by melting the scrap 
metal using a rotating nonconsumable cop- 
per electrode. The rotating electrode avoids 
tip erosion, and the cutting tool fragments 
settle to the bottom of the furnace allowing 
the molten titanium to be poured off to form 
either a consumable electrode or a remelt 


ingot.*° 
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Papers were published describing the 
BCA Cyclic Process! and the Ishihara 
process"? for making a rutile substitute 
from ilmenite. Both processes are being 
utilized commercially. 

Bureau of Mines research related to tita- 
nium included studies on methods of recov- 
ering titanium from ilmenite”, recovery of 
chlorine and iron oxide from ferric 
chloride, soda ash smelting-leaching proce- 
dure for preparing sodium titanate from 
domestic ilmenite!5, electrodeposition of ti- 
tanium boride coatings on various metals“, 
reflectance and emittance of thin film ab- 
sorber stacks containing zirconium or tita- 
nium compound thin films”, the use of 
titanium carbide as a deoxidizer in electric 
furnace steelmaking'*, and a process for 
chlorination of titanium bearing materials 
and for dechlorination of iron chloride!*. A 
patent was obtained on a process for pro- 
duction of synthetic rutile from slag”. 
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Tungsten 


By Ben A. Kornhauser! 


Domestic production increased 4% over 
that of 1975, and consumption rose 15%. 
Production and consumption in 1976 were 
5.8 and 16.1 million pounds of contained 
tungsten, respectively. Essentially all dom- 
estic production came from two mining 
operations, one in California and one in 
Colorado. Production of ammonium para- 
tungstate (APT) increased 25%, and pro- 
duction of tungsten products rose 44%; 
consumption of APT increased 54%, and 
consumption of tungsten products rose 30%. 
Imports for consumption of tungsten 
in concentrate decreased 19% to 5.3 million 


pounds, while exports of tungsten concen- 
trate increased 31% to 1.7 million pounds of 
contained tungsten. 

The reported unit value of tungsten con- 
centrate shipments in 1976, f.o.b. domestic 
mines and custom mills, increased 2096 
when compared with that of 1975, and 
averaged $100 per short ton unit. 

Legislation and Government  Pro- 
grams.—The Office of Stockpile Disposal, 
General Services Administration (GSA) con- 
tinued to sell excess stockpiled tungsten 


I Physical scientist, Division of Ferrous Metals. 


Table 1.—Salient tungsten statistics 
(Thousand pounds of contained tungsten and thousand dollars) 


1972 1973 1974 1975 1976 
United States: 
Concentrate: 
Mine production 8,150 1,515 7,381 5,588 5,830 
Mine shipmens sss 7,045 1,059 1,836 5,490 5,869 
Value ο ο ĩðv ee $18,104 $19,154 $37,413 $29,090 $37,266 
Consumption 14,1 15,386 16,298 14,012 16,107 
5 from Government stocks 1.498 6,071 4,185 3,708 
| αι Μα m mt D is 95 90 1,187 1,316 1.729 
W eneral . od 5,898 11,047 11,786 6,908 5,802 
s for or consumption FFC 5, 739 10,834 11,096 6,570 5,301 
toc 
τ. 23222 d 1,966 225 529 531 150 
Consumers __________________~_ 2,229 1,446 1,565 1,958 1,002 
Employment „„ 510 535 540 525 540 
Ammonium paratungstate: 
Production |. _ _ . (3) 13,012 14,707 10,282 12,808 
Consumption!“ kk (3) 13,945 15,733 10,353 15,921 
Stocks, Dec. 31: Prodücers and consumers (3) 945 1,062 1,704 1,438 
Primary products: 
Production 2.2 _ _ _ _ _ _ _ Ree 14,090 16,600 20,131 12,634 18,226 
Consumption _____________________ 13,296 17,984 20,556 12,934 16,799 
Stocks, 1 
Producers )  ) ἹἹ 4,680 3,523 3,628 3,976 3,390 
Consumers ___________________ 2,121 2,051 2,771 2,753 2,778 
World: Concentrate: 
Production: unn 5 8 84,952 83,612 782,832 784,262 91,845" 
Consumption _______________-__--- 16,583 84,857 783,506 173,557 80,962 
Revised. 
lEstimated tungsten content. 


3Estimated number of employees at mines and mills, excluding office workers, at yearend. 


Included with primary products. 
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concentrate on the basis of monthly sealed 
bids. The excess concentrate was offered on 
a regular monthly basis at the disposal rate 
of 500,000 pounds of contained tungsten, of 
which 375,000 pounds was for domestic use 
only and 125,000 pounds was for export 
only. Occasionally, supplemental offerings 
also were made. These offerings resulted in 
concentrate sales of 3,708,407 pounds of 
contained tungsten, of which 1,844,935 
pounds was for domestic use and 1,863,472 
pounds was for export. The material re- 
leased for domestic use was sold at prices, 
ex-duty, that ranged from $81.74 to $127.07 
per short ton unit. Material released for 
export was sold at prices, ex-duty, that 
ranged from $78.87 to $127.00 per short ton 
unit. However, actual deliveries of concen- 
trates for domestic use and export in 1976 
were 4,003,767 pounds of contained tung- 
sten. 

On October 1, 1976, the material stockpile 
goals (formerly termed objectives) were re- 
vised by the Federal Preparedness Agency 
of GSA. These goals were to be updated as 
necessary in the future. U.S. Government 
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tungsten stockpile materials, inventories, 
and goals are presented in table 2. 

Executive Order No. 11888, dated Novem- 
ber 24, 1975, modified the Tariff Schedules 
of the United States to implement the 
Generalized System of Preferences (GSP) 
authorized by Title V of the Trade Act of 
1974. The Executive order designated bene- 
ficiary countries and eligible articles for the 
GSP. Since the implementation of GSP, it 
has been modified by various Executive 
orders. Products that are eligible articles 
and meet the conditions stipulated in the 
act are duty-free, if imported into the 
United States directly from a beneficiary 
country on or after January 1, 1976. Coun- 
tries eligible under section 504 (c) of the 
Trade Act to export tungsten ores and 
concentrates to the United States, duty- 
free, are noted in table 13. Withdrawal of 
GSP eligibility from a country for duty-free 
treatment would occur if the GSP benefi- 
ciary country, in any one year, exported 
more than $29.9 million of tungsten or more 
than 50% of the total U.S. tungsten im- 
ports. The program will expire on January 
4, 1985. 


Table 2.—U.S. Government tungsten stockpile materials, inventories, and goals 
(Thousand pounds of contained tungsten) 


Material 


Tungsten concentrate: 


tockpile grade 
Nonstockpile grade —— 


Total® 
Ferrotungsten: 

Stockpile gradteee 

Nonstockpile grade V 

Total? 

n metal powder:* 


tockpile gradllle 
Nonstockpile grade!!! 


Tungsten carbide powder: 
tockpile grade 
Nonstockpile grade 


Inventory by program, Dec. 31, 1976 


Goals! National DPA? Supple- i 

stockpile inventory en Total 
8,823 65,494 3,529 3.228 72.251 
bd 34.923 421 1:153 36,497 
8,823 100,417 3,950 4,381 108,749 
17,769 841 = - 841 
Ns 1,185 a Ed 1,185 
17,769 2,025 x M 2,025 
3.290 1,498 " "m 1,498 
Bid 213 a ο 273 
3.290 1.765 = 22 1,765 
12,845 842 __ uM 842 
un 112 ne 1,080 1,191 
12,845 953 ace 1,080 2.033 


1Goals established Oct. 1, 1976. 
Defense Production Act (DPA). 


Data may not add to totals shown because of independent rounding. 
*Includes hydrogen- and carbon-reduced tungsten metal powder, formerly reported separately. 
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DOMESTIC PRODUCTION 


Domestic mine production of tungsten 
concentrate increased 460 over that of 1975 
and totaled 5.8 million pounds of contained 
tungsten for the year; mine shipments in- 
creased 7% to 5.9 million pounds. Forty- 
nine mines in 9 Western States reported 
production, but only 46 mines reported 
concentrate shipments. However, only two 
mines essentiall operated continuously 
throughout 1976; these were the Pine Creek 
mine and mill of the Metals Div., Union 
Carbide Corp. (UCO), northwest of Bishop, 
Inyo County, Calif., and the Climax mine 
and mill of Climax Molybdenum Co., a 
division of AMAX, Inc., at Climax, Lake 
County, Colo. The major mineral value 
recovered at Pine Creek continued to be 
tungsten, with minor amounts of byproduct 
molybdenum, copper, gold, and silver. UCC 
processed ore directly into (APT), an in- 
termediate tungsten product suitable for 
conversion to tungsten powder. 

The major mineral value recovered at 
Climax was molybdenum. Concentrates of 
tungsten, tin, and pyrite were recovered as 
coproducts, which depend upon the rate of 
molybdenum production. At Climax, the 
maximum annual production capacity for 
tungsten concentrate is about 2.5 million 


pounds of contained tungsten. 

Intermittent tungsten concentrate pro- 
duction and/or shipments also were report- 
ed from Pima County, Ariz.; Fresno, Inyo, 
Kern, Los Angeles, Madera, San Bernardi- 
no, San Diego, and Tulare Counties, Calif.; 
Boulder County, Colo.; Custer and Valley 
Counties, Idaho; Granite County, Mont; 
Churchill, Elko, Esmeralda, Nye, Pershing, 
and White Pine Counties, Nev. Baker 
County, Oreg.; Box Elder and Tooele Coun- 
ties, Utah; and Stevens County, Wash. The 
Tungsten Queen mine and mill of Ranchers 
Exploration & Development Corp. near 
Townsville in Vance County, N.C., remain- 
ed on standby status for the entire year. 
UCC development of the Tempiute mine 
and mill in southern Nevada was delayed, 
with completion and startup rescheduled 
for mid-1977. When operating at designed 
capacity, this facility expects to produce 2 
million pounds of tungsten annually, plus a 
byproduct zinc concentrate. Tempiute will 
process the scheelite ore to a tungsten 
semiconcentrate for conversion to APT at 
UCC's Pine Creek, Calif., facilities. Eight- 
een mines were considerod discontinued in 
1976 based on submitted information and 
unclaimed reporting forms. 


Table 3.—Tungsten concentrate shipped from mines in the United States 


Quantity Reported value, f.o.b. mine! 
Year Short tons Short ton n Average Average per 

we WOs € (thousand (thousands) — Per unit pound of 

basis2 ΥΨΟΣ pounds) of WOs tungsten 
1912 Lx 7,401 444,145 7,045 $18,104 $40.77 $2.56 
1978 ___-_____ 7,418 445,051 7,059 19,154 43.04 2.71 
1974 8,233 494,012 1,836 37,413 75.73 4.77 
1975 22sec ee 5,769 346,112 5,490 29,090 84.05 5.30 
1976 ________ 6,168 370,069 5,869 37,266 100.70 6.35 


1Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
2A short ton of 60% tungsten trioxide (ΝΟΣ) contains 951.6 pounds of tungsten. 
3A short ton unit equals 20 pounds of tungsten trioxide (WOs) and contains 15.86 pounds of tungsten. 


CONSUMPTION AND USES 


Reported domestic consumption and 
stocks of tungsten products, by end use 
during 1976, are given in table 6. Cutting 
and wear-resisting materials continued to 
be the major end use of tungsten, primarily 
as tungsten carbide (WC). This end use 
accounted for 68% of total tungsten product 
consumption, of which 62% was used as WC 


in cutting and wear-resisting materials and 
T% was consumed in hard-facing rods and 
materials. Total tungsten product consump- 
tion increased 30% to 16.8 million pounds of 
contained tungsten for the year. Other ma- 
jor end-use categories were mill products, 
1496; specialty steels (tool, stainless, and 
alloy), 9%; superalloys, 3%; and chemicals, 
4%. 
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The major consumption distribution of 
intermediate tungsten products used to 
make end-use items in 1976 follows: Tung- 
sten carbide (including cemented, crushed 
and cast, and crystalline), 39%; tungsten 
metal powder, 41%; ferrotungsten, 6%; and 
scrap, 9%. 

Domestic shipments, imports, consump- 
tion, and the average price of tungsten 
concentrate are presented graphically in 
figure 1. The production, disposition, and 
stocks of tungsten products in the United 
States during 1976 are presented in table 5, 
and the major domestic companies engaged 
in tungsten operations during 1976 are 
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listed in table 4. 

Figure 2 is a simplified tungsten flow 
diagram showing the major process flow of 
intermediate tungsten products and major 
end-use items involved in the tungsten pro- 
cessing industry. 

The use of coated tungsten carbides and 
other coated materials for cutting tools 
increased approximately 25% during 1976, 
according to Bureau of Mines data and as 
noted by Metcut Research Associates, Cin- 
cinnati, Ohio.? 


“American Metal Market. V. 83, No. 165, Aug. 23, 1976, 
p. 23. 


MILLION POUNDS 


1970 1975 1980 


Figure 1.—Domestic shipments, imports, consumption, and average price of tungsten 
concentrate. 
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SIMPLIFIED TUNGSTEN FLOW DIAGRAM 


CHEMICAL PROCESSING TUNGSTEN CARBIDE TOOLS AND 
(PRIMARKY AMMONIUM ONDE TAL POWDER /CAST/ WEAR RESISTING 
PARA TUNGSTATE) CRYSTALLINE MATERIALS 
TUNGSTEN 
MILL PRODUCTS 


Figure 2.—Simplified tungsten flow diagram. 


Table 4.—Major producers of tungsten concentrate and principal tungsten 
processors in 1976 


Location of mine, mill, or 


Company processing plant 
Producers of tungsten concentrate: 
Abracadabra Exploration Cr Gold Hill, Utah. 
ΑΜΑΧ Inc., Climax Molybdenum Div __________________-----_ Climax, Colo. 
Oxbow Tungsten Mine, Inc __ _ Lll - Mountain City, Nev. 
Union Carbide Corp., Mining & Metals Div! ZD! Bishop, Calif. 
Processors of tungsten:? 
Adamas Carbide Corrrr „% é Kenilworth, N.J. 
, ß ——— North Chicago, Ill. 
General Electric cru -- αι id; Ohio; Detroit, 
ich. 
GTE Sylvania, Inc., a subsidiary of General Telephone & 
Electronics ggg ⅛ðᷣͤ dw Towanda, Pa. 
Kennametal, Inn,CcCcc, „ Latrobe, Pa; Fallon, Nev. 
Li Tungsten Corp ? —— deas us Es esed Glen Cove, N.Y. 
Teledyne Firth Stirling ............-.-----------------------.--- McKeesport, Pa. 
Teledyne Wah Chang Huntsvilllll Huntsville, Ala. 
Union Carbide Corp., Mining & Metals Dir Niagara Falls, N.Y. 
Westinghouse Electric Corp --—--------------------------——- Bloomfield, N.J. 


lAtits Pine Creek mine and mill in California, UCC processes ore “straight through” to APT. 
2Major consumers of intermediate tungsten products. 


1360 MINERALS YEARBOOK, 1976 


Table 5.—Production, disposition, and stocks of tungsten products in the United States 
(Thousand pounds of contained tungsten) 


Hyd- Tungsten carbide 
rand powder 
An τ EEE 
carbon- Made Crushed Chemicals Other! Total? 
reduced from and 
metal metal - 
powder powder ine 
1975: 
Gross production during year |... 9,782 7,022 1,716 3,697 1,108 23,325 
Used to make other products listed 
here ο cc 88 7,167 = =. 249 3,275 3) 10,691 
Net production ___ -- 2,615 7,022 1,467 422 1,108 12,634 
Disposition: 
To other processors 1,101 226 329 101 834 2,592 
To end-use consumers 4,783 5,589 383 319 197 11.272 
To make products not listed in 
this tabe 2 ...------ 723 1.331 1.168 9 ἘΠῊΝ 8,231 
Producer stocks, Dec. 34! 1.998 707 598 352 322 3.976 
Gross production during ea 15,873 10,054 1,582 5,932 603 33,995 
Used to make other products listed | 
here. n ore cC 10,505 es 223 5,040 3) 15,769 
Net production __ _ 5,368 10,054 1,309 892 603 18,226 
Disposition: 
To other processors 861 272 335 384 489 2,341 
To end- use consumers 6,434 8.242 419 553 279 15,927 
To make products not listed in 
this tabbte!l __ 2.372 1.913 1,101 14 2 5,402 
Producer stocks, Dec. 81... .. - „ 1,881 547 486 865 111 3,390 


1Includes ferrotungsten, scheelite 8 from scrap), nickel-tungsten, and self-: reducing oxide pellets. 
Data may not add to totals shown because of independent rounding. 
Less than 1/2 unit. 


° STOCKS 


At yearend 1976 producer-held stocks of decreased 16% from those of 1975. Produc- 
tungsten concentrate at domestic mines  ers' stocks of intermediate tungsten pro- 
decreased 72% and consumer-held stocks of ducts decreased 15%, while consumers’ 
tungsten concentrate decreased 49%, com- stocks of intermediate products remained 
pared with stocks held at yearend 1975. virtually the same, as indicated in tables 5 
Producers’ and consumers’ stocks of APT and 6. 


Table 6.—Consumption and stocks of tungsten products in the United States, by end use 
(Thousand pounds of contained tungsten) 


Tungsten Pus Tawa Other 
Ferro- metal carbide tungsten Total 


End use 1 
tungsten powder2 powder ^ materials? 
1975: 
m d heat resisting 86 72 158 
ess and heat resisting -—-—-—--------- S TON 

loy τις ree AAA 69 ae S 70 139 
% ο ο κα ees 566 A AME 326 892 
Cast ος ee A 4 ἍΝ Ne ΗΒ 4 
Superalloys ......------------------------------ ΤΊ 69 ir 233 879 

oys (excludes steels and superalloys): 
and wear-resistant materials ΜΠ 2,316 5,709 330 8,355 
Other alloy) ) 103 918 268 128 1,017 
Mill products hadi from metal powder ee 1,490 W aaa 1,490 
Chemical and ceramic uss De x W 310 810 
Miscellaneous and unspecified .... .- ------ - -- 1 6 153 30 190 
TOO). See 8 906 4,399 6,130 1,499 12,934 
Consumer stocks, Dec. 31 _______--------- 231 713 1,24 2,153 


See footnotes at end of table. 
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Table 6.—Consumption and stocks of tungsten products in the United States, by end use 
— Continued 


(Thousand pounds of contained tungsten) 


usen: Tungsten Tungsten Other 
End use 1 metal carbide tungsten Total 
tungsten 
powder? powder ^ materials? 
1976: 
Steel: 

Stainless and heat resisting ____________ 69 -- PER 51 126 
Aly κα πο ete me που Sub al 97 M OM 147 244 
!!!! ⁰ 8 682 ΧΕ ΝΕ 451 1,133 
Cast iron 4 a = ae 4 
νι ος ος 88 90 137 W 208 435 

Alloys (excludes steels and superalloys): 
Cutting and wear-resistant materials ais 3,744 6,081 577 10,402 
Other alloy“ 89 546 312 145 1.092 
Mill products made from metal powder i t 2,432 W -- 2,432 
Chemical and ceramic uses a -- W 704 704 
Miscellaneous and unspecified ~- ----------- zu 2 218 7 221 
Total u corno 1,031 6,861 6,611 2,296 16,799 
Consumer stocks, Dec. 31341 27 606 1.430 470 2.778 


W Withheld to avoid disclosing individual company confidential data, included in Miscellaneous and unspecified.” 
Includes melting base self-reducing tungsten. 
Ancludes both carbon-reduced and hydrogen-reduced tungsten metal powder. 
Includes tungsten chemicals, natural and synthetic scheelite, tungsten scrap and other. 
*[ncludes welding and hard-facing rods and materials and nonferrous alloys. 


PRICES AND SPECIFICATIONS 


don), reported in Metals Week, and shown 
in table 7, increased steadily each month 


In 1976, the average value of tungsten 
concentrate shipped from domestic mines 


and mills, as reported to the Bureau of 
Mines, increased 20% to $100.70 per short 
ton unit of WO;, when compared with the 
1975 value. During 1976, GSA sold excess 
tungsten concentrate for domestic use at 
prices, ex-duty, ranging from $81.74 to 
$127.07 per short ton unit. GSA sales of ex- 
cess tungsten concentrate for export ranged 
from $78.87 to $127 per short ton unit. 

The European price of tungsten concen- 
trate, as quoted in the Metal Bulletin (Lon- 


from a low of £42 per metric ton unit (about 
$76.31 per short ton unit) in January to a 
high of £90 per metric ton unit (about 
$135.94 per short ton unit) at yearend. The 
increase in average price per short ton unit 
of WO, was 25% over the average price of 
$83.19 per short ton unit of 1975. 

The price of APT delivered to large- 
volume contract customers was $106 per 
short ton unit at the beginning of the year. 
This low price for the year was maintained 


Table 7.—Monthly price quotations of tungsten concentrate in 1976 


Wolfram and scheelite; 
London market, pounds Equivalent quotations, dollars per 
Month sterling per metric ton short ton unit of WOs, 65% basis! 
unit of WOs, 6596 basis 
Low High Low High Average? 
January ___ _ £42.00 £45.00 $76.31 $82.77 $79.57 
Februar 43.50 46.00 80.11 84.70 82.59 
!! 45.00 51.75 82.71 90.30 86.64 
J ͤ mete 51.00 58.50 86.52 97.07 91.06 
πισω Lia E 58.00 62.15 96.70 102.38 99.38 
%%/%/é 0 y 8 62.00 64.00 96.12 103.09 100.51 
M7 κος πκωκώνς 62.50 64.00 100.93 103.93 102.35 
August .—. ees 63.50 12.15 102.83 116.97 109.99 
September! 71.00 75.00 112.52 118.33 115.70 
October 74.25 81.50 111.82 121.74 116.13 
November!, 83.50 90.00 118.66 135.94 128.19 
December ..........----------------- 385.50 388.20 130.18 134.26 132.16 


!Equivalent high and low quotations as reported in Metals Week from biweekly Metal Bulletin (London) data; price 
dependent upon the prevailing rate of currency exchange. 

3Arithmetic average of weekly quotations. The equivalent 1976 average price, excluding duty, was $103.68 per short 
ton unit. 

3In December, due to new Bank of England Exchange control regulations, the Metal Bulletin (London) quotations were 
changed to U.S. dollars per metric ton unit and from $143.50 to $148.00 per metric ton unit. The mber 1976 
foreign exchange average of $1.678 for the pound sterling was used in making the conversion. 


1362 


until August 1976, when it was increased to 
$135 per short ton unit. The price of “Blue 
Oxide (W.,) remained at $2 per short ton 
unit above the APT price plus a 196 sur- 
charge to cover processing losses. 

The conversion fee of $18.50 per short ton 
unit in effect on January 1976 was main- 
tained throughout 1976 for toll-processing 
tungsten concentrate to APT at a recovery 
rate of approximately 96%. 

The price of hydrogen-reduced tungsten 
metal powder (99.9995 purity), f.o.b. ship- 
ping point, as quoted in Metals Week, was 
$10.21 to $12.01 per pound of contained 
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tungsten from January to October 1. In 
October, the price range increased to $10 to 
$13. Within these ranges, the price depend- 
ed primarily on the tungsten powder parti- 
cle size (Fisher number). 

UCAR ferrotungsten is a proprietary 
high-purity ferroalloy containing 90% 
tungsten. In January, its price was quoted 
at $7.75 per pound of contained tungsten, 
rising to $7.95 on June 1, to $8.40 on August 
1, and to $9.25 on November 1. 

The price of scheelite concentrate (cal- 
cium tungstate) for direct addition to steel 
melts was believed to be comparable to the 
prices reported in table 7. 


FOREIGN TRADE 


Exports.—During 1976, tungsten concen- 
trate exports continued to represent excess 
materials purchased from GSA stockpiles 
and increased 31% to 1.7 million pounds of 
tungsten in concentrate. There were no 
exports of ferrotungsten during 1976. On 
the other hand, APT exports increased 41% 
to 188,360 pounds of contained tungsten 
with the United Kingdom as the principal 
recipient. In 1976, exports of WC powder 
increased 58% to 1.3 million pounds of 
contained tungsten. Mexico (26%), Canada 
(24%), West Germany (11%), Sweden (6%), 
and Iran (6%), received 73% of the exports. 

Exports of unwrought tungsten metal and 
alloys in crude form including waste and 
scrap increased 27% to 1,099,169 pounds 
gross weight, valued at $3,260,499 and were 
shipped primarily to West Germany (65%), 
the United Kingdom (12%), and Belgium- 


Luxembourg (10%). Exports of tungsten and 
tungsten alloy powder decreased 3% to 
610,858 pounds of contained tungsten val- 
ued at $3,836,671. The principal recipients 
were Israel (60%), the United Kingdom 
(1396), Canada (9%), and Austria (5%). 

Exports of tungsten and tungsten alloy 
wire increased 22% to 194,718 pounds, gross 
weight, valued at $6,219,902, and were 
received mainly by Canada (27%) West 
Germany (12%), Brazil (11%), Israel (6%), 
Japan (6%), Mexico (6%), Italy (5%), and 
the U.S.S.R. (5%). Exported wrought tung- 
sten and tungsten alloys increased 5% to 
241,727 pounds, gross weight, valued at 
$3,637,310. These materials were shipped 
mainly to West Germany (35%), Canada 
(1490), Sweden (14%), the United Kingdom 
(12%), and Mexico (7%). 


Table 8.—U.S. exports of tungsten ore and concentrate, by country 
(Thousand pounds and thousand dollars) 


Country Gross 

weight 
(Ü ¹¹¹AA d E 8 
Belgium: Luxembourg 1 
Front ὃς ἐς uc ecu 119 
Germany, Wette 1,223 
Sane MMC RR ⁵ĩð 8 7 
11 v 1.191 
89d ως μμ un 

Switzerland ______________-------- κ 
United Kingdom ------------------- 11 
SER. ο lc eis E ... 
M ]³Ü¹¹ww -- ⁰⁰ eiat 2.552 


1975 1976 
Tungsten Gross Tungsten 
content! Value weight content! Value 
---- ο 56 29 141 
(3) 4 30 16 79 
62 388 122 63 600 
ue 0 965 498 2,978 
me x 505 260 1,751 
614 8,756 1,216 628 4,225 
M vs 11 6 30 
E E 30 15 89 
6 19 844 177 1,052 
E z = 72 37 249 
1,316 8,082 3,351 1,729 11,189 


SS ee ee ee ee c — — —ßꝙ . — pp eee RET E 
1Tungsten content estimated by multiplying the gross reu by a factor of 0.516 equal to 0.65 (to convert from 65% to 


100% WOs basis) times 0.7931 (to convert from WOs to W 
?Less than 1/2 unit. 
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Table 9.—U.S. exports of ammonium paratungstate, by country 


1975 1976 
Country ` Gross Tungsten Gross Tungsten 
weight content! Value weight content! Value 

(pounds) (pounds) (pounds) (pounds) 
Canada ______________ Ep" ud zi 40,000 28,264 $253,865 
El Salvador ___________ pee 14 347 
Germany, West 44,700 31,585 $277,034 4,556 3,220 30,660 
Jamaica, 310 219 ; EN πο -- 
Netherlands 143,500 101,397 643,683 =o EE -- 
New Zealand __________ 183 i κ TM 

Philippines 122 86 1.021 13 

United Kingdom E m € 220,650 155,911 1,412,000 
Venezuela ____________ ΚΠ ἘΠ eM 1,029 727 4,410 
Sl! 188,815 133,417 928,042 266,572 188,360 1,705,282 


1Tungsten content estimated by multiplying gross weight by 0.7066. 


Table 10.—U.S. exports of tungsten carbide powder, by country 


1975 1976 
Country Gross Tungsten Gross Tungsten 
weight content? Value weight content! Value 
(pounds) (pounds) (pounds) (pounds) 

Argentina ___ 1,582 1,234 $20,194 10,574 8,248 $167,010 
ustralia_________________ 2,261 1,764 22,0 13,181 10,281 08,2 
Austria 1.716 20, „153 49,259 591,013 
Belgium Luxembourg 24,7 25 19,267 aci 92 57,225 ; 214,521 

C0006 ͤ ͤ μωρο» ; i 
Brazil 11.089 8,649 83,1 22,154 17,748 253,662 
Canada n 8 340,524 265,609 2,377,549 381,760 297,773 2,223,783 
e o clc eot 198 3, ; 2,069 ; 
Colombia |... -------- 57 44 2,695 2,695 
Costa Rica `- _  _ _ 400 312 5,1 
Denmark __ _ _ _ _ -....... 4,359 3,400 85,003 5,483 4,277 51,260 
Finland ___§_______________ 60 47 1,105 89 
Fran ee 32,757 25,550 246,448 1,102 6,008 58,071 
Gabon " --- m 1,000 780 10,800 
Germany, Wet 115,693 90,240 682,369 171,397 133,690 1,436,085 
Hong Kong - - - ------------- S = E 8,881 927 3.998 
IRR l7. ili c. 88,513 69,040 65,719 91,445 71,327 18,251 
Ireland 22223 ine 550 429 5,087 1,722 1,343 : 

111! o μυ. 38,771 30,241 320,807 30, ? 4,320 
C/ ( εως 105,137 ; 604,614 57,955 45,205 454,980 
Japan 2 wh m wed eine ᾽ 3,402 40,168 82,836 64,612 771,183 
Kuwaietetut:t!!! 1 1.394 — Tos τ εἰ 
Mexico ----------------—- 788,958 169,387 727, 655 428, 988 334,611 437, 209 
Netherlands 43,601 ; 323,062 29,387 22,922 261,485 
New Zealand 10,081 7,863 26,007 -- NS n 
Nef 8.182 6,382 12, 695 poc. ΝΕ 
Norway ιν ος uim eee 5,593 4,363 6,806 643 502 7,105 
κι μμ ³ ͤ ⁵ ð ποτ 10,907 507 9,196 2, 000 1.560 I 
Philippines 6,189 4.827 56,746 2, 395 1,868 1,032 
Portugal ----------------- "m MO n 110 86 1,374 
atar ες L S Z L Z RUE 1,800 1,404 2,084 VN TN pe 
ingapore ........-------------- 4,250 3,315 27,709 82 64 1,184 
South Africa, Republic of 21,700 16,926 124,358 1,856 1,448 26,723 
Southern Asia, n.e.c .... _______ 4,000 : 1,902 L- 
DANN 2 μας ο 88 14,312 11,163 161,700 2,057 1,604 33,218 
Surinam 468 1,000 
weden 8, O80 6,802 76,508 94,253 73,518 501,356 
Switzerland ___ 14,528 11,332 164,704 17,350 ; 110,250 
ONES RET PUES 1,125 878 12,790 
Trinidad and Tobago - - -- --- --- 318 248 2,389 a -- - 
ο ια clo iL Des 550 429 7,501 100 78 2,320 
United Arab Emirates we E 5,000 ; 10,231 
United Kingdom 8,833 6,8 98,002 29,465 22,983 127,242 
Venezuela 100 78 1,095 398 310 3,818 
/- em 71,027,101 1801, 138 6,537,155 1,623,942 1,266,675 7,950,138 
r Revised 


Tungsten content estimated by multiplying gross weight by 0.78. 
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Table 11.—U.S. exports of tungsten and tungsten alloy powder, by country 
1975 1976 
Country Gross Tungsten Gross Tungsten 
weight content! Value weight content! Value 
(pounds) (pounds) (pounds) (pounds) 

Argentina 1,000 800 $10,706 . a S 
Australian 1.170 936 10, 434 347 84.354 
Austria 39, 463 31.571 261,249 37,321 29,851 $253,933 
Belgium- Luxembourg 623 43,699 377,315 2,705 2,164 24,166 
Brazil 508 406 4,0 1.243 995 14,300 
Canada 63,707 50, 966 640, 365 67,554 54,043 706,460 
Denmark 1.097 878 9,000 ΗΕ Ta = 
Finland ____________ -~_ 9,038 7,230 65,041 4,312 3,450 40,918 
France __ _ 1,048 838 15,193 1,501 1,201 16,726 
Germany, West 51,905 41,524 123,341 28,411 22,194 181,987 
India = ua 8 88 30 1,010 ΝΕ E 
Ireland __ _ _ _ 2,240 1,792 32,118 3,308 41,443 
ö ------------ 460,224 368,179 3,322,663 457,074 365,659 1,202,601 
Maly’ oo jee ee see ee s 9,180 7,344 46,196 2,005 1,604 18,920 
Japan c AA 11,022 8,818 62, 1,915 1,532 10,623 
Mexiko 3,410 2,728 33,139 6,959 5,567 63,237 
Netherlands crm n = 236 189 1,128 
Singapore 40, 000 32,000 265,232 -- M "m 
Spain --------------- 294 235 1,47 330 5,625 
Sweden ae =o TN 28,109 22,487 260,455 
Switzerland ___________ 4,574 3,659 30,670 118 94 1,104 
Taiwan -------------- 2,000 1,600 5 3,051 2,441 49,718 
Turkey -- ο. 19,411 10,129 136,294 
United Kingdom .......- 27,194 21,755 208,331 709 79,767 775, 089 
Venezuelsla a 720 9,762 3,860 3,088 3 

Total ο ο este uu 184,635 627,708 5,064,426 163,512 610,858 3,836,671 


1Tungsten content estimated by multiplying gross weight by 0.80. 


Table 12.—U.S. imports! of tungsten ore and concentrate, by country 
(Thousand pounds and thousand dollars) 


1975 1976 
Country Gross Tungsten Gross Tungsten 

weight content Value weight content Value 
Australia ————— es ie 701 390 1,995 311 172 864 
BGI... 1,888 1,087 4,868 1,753 963 4,900 
Ill!!! é 336 187 1.012 4 2 11 
Burma e ee 308 160 815 232 123 582 
Burundi —-—-—— ͥͥ⁰ mt ix M SNR 7 3 16 
Canada z L ae ey ιο. 3,815 1,585 7,769 4,101 1,343 7,656 
Jö§˙*¹d 8 15 8 40 = n = 
ane People's Republic of --------- 715 387 2,176 711 884 2,289 
J). 8 388 116 500 D Me Set 
IT ο sassa SURE PEN TUR prm 159 28 4 55 zs 121 

ο )! AV DUE p ns 

5 = ia EUN maa Near . E 88 50 198 TUS uer Ne 
Korea, Republic of- 927 530 2, 832 351 202 1,054 
τρις G L o eoe ae a Lie 120 70 178 105 61 284 
Mexico Lune bete s reu 983 419 1,914 927 440 2,279 
Pep c W 1,509 862 4,143 1,458 839 4,450 
Portugal .. ...------.---------------------- 335 197 1,164 714 420 2,386 
8 PNE E “ 8 un res Eds 71 38 169 
Singapore em E ΕΝ 19 10 59 
South A Africa, Republic offt 83 27 68 26 15 69 
South-West Africa, Territory 6 88 50 195 es te 2 
Spaik ue mm 8 24 14 66 36 21 119 
Taiwan J. ⁵⁵ (8 44 23 124 M u NEN 
ff mmm 1,255 673 3,033 1,314 655 3,266 
Ugandá ul L ee ee 35 18 56 8 ae a 

United Kingdom __ -- 33 19 107 e» S = 
7 ce ae 109 58 236 125 68 376 
Total. hc eun cu eu i 13,964 6,908 83,493 12,355 5,802 30,950 


Data are “general imports", that is, they include tungsten imported for immediate consumption plus material 
entering warehouses. 


TUNGSTEN 


Imports.—Tungsten concentrate import- 
ed in 1976 for consumption decreased 19% 
from that imported in 1975 to 5.3 million 
pounds of contained tungsten. The major 
suppliers were Canada (25%), Peru (16%), 
Thailand (1196), and Bolivia (1192). 

Tungsten carbide imports for the year 
increased 19% over those of 1975 to 194,432 
pounds of contained tungsten valued at 
$2,184,376 and came primarily from West 
Germany (70%), France (12%), and Sweden 
(1196). Imports of tungsten waste and scrap 
containing over 50% tungsten increased 
11796 to 149,794 pounds of contained tung- 
sten valued at $694,269. The imports came 
primarily from Israel (53%), Singapore 
(17%), Japan (10%), and Mexico (9%). Im- 
ports of unwrought tungsten (except alloys) 
in lump, grain, and powder forms increased 
87% to 377,153 pounds of contained tung- 
sten valued at $2,600,338 and were re- 
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ceived mainly from West Germany (52990), 
France (14%), and Singapore (9%). Wrought 
tungsten imports increased 237% to 42,893 
pounds, gross weight, valued at $1,966,446, 


and were supplied primarily by Canada 


(51%), Japan (27%), and Austria (15%). 

Imports of tungsten material classified as 
"metal-bearing materials in chief value of 
tungsten" increased 433% to 378,528 
pounds of contained tungsten valued at 
$2,224,743. The imports were received solely 
from Bolivia and are believed to be mostly 
synthetic scheelite. Ammonium tungstate 
imports decreased 30% to 582,622 pounds of 
contained tungsten valued at $3,699,178 and 
were supplied by the Republic of Korea 
(71%) and Japan (29%). Imports of calcium 
tungstate and sodium tungstate dropped to 
relatively insignificant quantities of 19,014 
and 20,131 pounds of contained tungsten, 
respectively. 


Table 13.—U.S. imports for consumption of tungsten ore and concentrate, by country 
(Thousand pounds and thousand dollars) 


1975 1976 
Country Gross Tungsten Gross n 
weight content Value weight content Value 

Argentina! ___________________ zc d. 23 10 46 
Australia 707 390 1.995 311 172 864 
Bolivia! _____________________ 1,433 787 8,839 1,062 580 2,649 
Brazil... ³˙¹-ꝛ m. m’. s s ων. 336 188 1.012 4 2 11 
Burma!!! 308 160 815 232 123 581 
Burundi!!!k!k!᷑l ds PS τις 7 8 16 
Adi ο ος 000000 3,839 1,600 7,862 4,101 1, 7,656 
Chile? το ˙ s hl 5 he 15 8 40 -- ΕΝ 
5 o Rope: s Republic off 569 119 x 703 377 2,256 
Guatemala! JJ ĩͤ K 306 170 229 vu " s 
2322 μον 22 12 21 nee 
Korea, Republic off 898 514 2,744 357 202 1,054 
Malaysia! __ ............... 120 70 178 86 49 207 
Mexico!!! 983 419 1.914 417 2,166 
PFI ³˙W¹A a aaa LL. 1.518 866 4,166 1,501 863 4,564 
Portugal 2... 8 335 197 1,164 714 420 2,386 
πως ECKEN We "T Ne 70 38 169 
Singapore? _____________--_ ~~~ teas "e ΕΗ 19 10 59 
South A 98 Republic off 83 27 68 26 15 69 
Dal nrc λος ορ δα ους 24 14 66 36 21 118 
Thailand! ___________________ 1,217 629 2,901 1,193 588 3,073 
Uganda ~- nulle 34 1 56 Hn m -- 

United Kingdom 33 19 107 = 
p ο e EE eee 109 58 236 125 68 376 
Total: Luc . ⁵³ Ä ee pt 13,277 6,570 31,665 11,453 5,301 28,320 


1Section 504(c) of the Trade Act of 1974 establishes a Generalized System of oe for the entry of tungsten from 


designated beneficiary developing countries. The program 


January 1,1 
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Table 14.—U.S. imports for consumption of ferrotungsten, by country 


1975 1976 
Country Gross Tungsten Gross Tungsten 
weight content Value weight content Value 
(pounds) (pounds) (pounds) (pounds) 

Austria 158,989 131,609 $836,391 813,704 260,191 $1,744,103 

France 25) 44,092 34,058 225,7 312,172 246,447 ; 85 

Germany, Wett 22,046 18,122 107,393 64,588 52,920 292,170 

India ~-_____________ = ERE E 39,262 32,077 251,209 

Japaaoe nnn 44,092 35,331 204,528 En et M 

Korea i τε ner ts -- 8 ae 4,409 3,349 18,959 

Portugal 11.023 9.222 59,429 17,636 14,741 86,445 

ποσα, ος ορ. 2 κ T 2A 24,692 20,001 147,831 

United Kingdom 232,052 189,940 1,108,729 265,431 214,545 1,408,443 

Total __ nc 512,294 418,282 2,542,173 1,041,894 844,271 5,451,245 
Table 15.—U.S. imports for consumption of tungsten and tungsten carbide forms 
(Thousand pounds and thousand dollars) 
Wire, sheets 
Ingots, shot, bars, and other forms, Total 
Year and scrap n.s.p.f. 
Quantity Value Quantity Value Quantity Value 

„ E EEE S 680 1,823 1,782 1,545 2,462 9,368 

I 438 2,548 1,460 8,556 1,898 11,104 

III/ ma Zum u 1,303 5,791 1,170 8,464 2,473 14,255 

Table 16.—U.S. import duties on all forms of tungsten 
Tariff Rate of duty effective Jan. 1, 1977 
classifi- Article = 
cation Prevailing! Statutory 

601.5400 Tungsten ore 25 cents per pound on tung- 50 cents per pound on tung- 

sten content sten content. 

603.4500 Other metal-bearing mate- 21 cents per pound on tung- 60 cents per pound on tung- 
rials in chief value of sten content and 10% sten content and 40% 
tungsten. ad valorem. valorem. 

607.6500 Ferrotungsten _______—__- 21 cents per pound on tung- 60 cents per pound on tung- 

sten content and 6% sten content and 25% 
ad valorem. valorem. 

629.2500 Waste and scrap containing 33 ĩ ᷣͤ Ä Do. 
by weight not over 

% tungsten. 

629.2600 Waste and scrap containing 10.5% ad valorem _ __ _ _ _ _ 50% ad valorem. 
by weight over 50% tung- 
sten. 

629.2800 Unwrought tungsten, except 21 cents per pound on tung- 60 cents per pound on tung- 
alloys, in lump, grain, and sten content and 12.5% ad sten content and 5060 
powder. . valorem. ad valorem. 

629.2900 ers o tungsten, ingots 10.5% ad valorem ___ _ _ _ _ 50% ad valorem. 
and shot. 

629.3000 Unwrought tungsten, n. ee 12.5% ad valorem |... 60% ad valorem. 

629.3200 Tungsten wn d unwrought, 2] cents per pound on tung- 60 cents per pound on tung- 
containing by weight over sten content and 6% sten content and 2596 
50% tu n. ad valorem. ad valorem. 

629.3300 Tungsten alloys, unwrought, 12.5% ad valorem ___ _ _ _ .. 60% ad valorem. 
containing by weight not 
over 50% tungsten. 

629.3500 Wrought tungsten ~~ j) CONS Re yal NU ene nee oe Do. 

416.4000 Tungstic acid __________~_- 21 cents per pound on tung- 60 cents per pound on tung- 

sten content and 10% sten content and 40% 
ad valorem. ad valorem. 

417.4000 Ammonium tungst ate so ccu A Do. 

418.3000 Calcium tungstate ........... -. -. -. 3! SN eles Do. 

420.3200 Potassium tungs tate 535 c cus ate rin. Do. 

421.5600 Sodium tungs tate παω μπω μας Ρο. 


See footnotes at end of table. 
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Table 16.—U.S. import duties on all forms of tungsten —Continued 
Tariff | Rate of duty effective Jan. 1, 1977 
classifi- Article 
cation Prevailing! Statutory 
422.4000 Tungsten carbide 21 cents per pound on tung- 60 cents per pound on tung- 
sten content and 12.5% sten content and 50% 
ad valorem. valorem. 
422.4200 Other tungsten compounds ___ 2] cents per pound on tung- 60 cents per pound on tung- 
Sten content and 1096 sten content and 40% 
ad valorem. ad valorem. 
423.9200 Mixtures of two or more in- 7. A EAE EET 
organic compounds in chief 
value tungsten. 


1Not applicable to most centrally controlled economy countries. 


WORLD REVIEW 


In two meetings of the United Nations 
Committee on Tungsten in 1976, discussions 
were continued on methods to stabilize 
tungsten prices. At the first meeting in 
January producers and consumers only 
agreed that a concentrate containing 65% 
WO; would be the basis for any price 
stabilization measures. At the second meet- 
ing in November, the producers, led by 
Bolivia, urged the establishment of a group 
of experts (producer and consumer) to draft 
a formal price stabilization agreement. The 
meeting ended without an agreement, and 
further negotiations were put off until after 
a special United Nations Conference On 
Trade and Development (UNCTAD) board 
session in 1977. The proposed agreement, 
outlined at the November 1976 meeting of 
UNCTAD, suggested establishing a system 
of maximum and minimum prices that 
would be supported at appropriate times by 
coordinated nationally held stockpiles and 
be combined with restrictions on both im- 
ports and exports. 

Australia.—The King Island Scheelite 
Mine Division, Peko-Wallsend Ltd., the ma- 
jor producer of tungsten in Australia, devel- 
oped the Bold Head and Dolphin mines so 
that 386,000 short tons per year of ore could 
be produced from underground operations, 
with the potential of 440,000 tons per year. 
In 1976, 329,350 tons of ore, averaging 
0.77% WOs, was treated to produce 2, 600 
tons of concentrate, averaging 72.7% WO;. 

A decision was made to install an ar- 
tificial scheelite plant to produce a 
molybdenum-free calcium tungstate pro- 
duct from the flotation concentrate. The 
plant was scheduled to be completed in 
early 1978.3 

Austria.—The Miltersill scheelite mine of 
Wolfram-Bergbau and Hüttengesellschaft 
mbH, Metallgesellschaft AG, and Teledyne 
Inc. began production in late August. The 


concentrate was sold while the processing 
plant was under construction. When the 
processing plant is completed in early 1977, 
it will become part of the second integrated 
tungsten production facility in Europe, and 
the fourth in the world. The plant's pro- 
duction capacity will be 1,490 tons of con- 
tained tungsten per year. The tungsten will 
be sold in a variety of forms: Carbide 
powder, pure tungsten powder, blue oxide, 
APT, and tungsten concentrate. When op- 
erational, the plant is expected to meet 1096 
of Western Europe's demand for tungsten. 
Reserves were estimated at 3.1 million tons, 
containing 0.7% to 1% WO;. The mine has 
an estimated life of 8 to 10 years, based on 
proven reserves. 

Bolivia.—Bolivian tungsten is primarily 
in wolframite, ranging between huebnerite 
and ferberite. The Corporacíon Minera de 
Bolivia (COMIBOL) accounts for most of the 
tungsten production. The tungsten mineral- 


ization belt extends along the general line 


of the Eastern Cordillera of the Andes from 
Peru to Argentina. In the north, minerali- 
zation follows closely the tin deposits re- 
lated to granitic batholiths of the Cor- 
dillera Real and Quimsa Cruz. In the 
south, mineralization is related closely to 
deposits of antimony, zinc, and silver. 

International Mining Co. (IMCO), a sub- 
sidiary of Estalsa S.A., planned to expand 
the capacity of its Chojlla mine and mill. A 
new beneficiation plant reportedly will be 
installed to treat tailing dumps containing 
0.2296 tin and tungsten (about 50% of each). 
The plant would have a capacity to process 
4,410 tons per day. Tailing processing 
should increase the company's output of 
tungsten contained in WO, by 358 tons per 
year, and operations will begin in early 
1977. 


3Peko-Wallsend Ltd., (Sydney, Australia). Annual Re- 
port 1975-76. 32 pp. 
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Table 17.—Tungsten: World mine production, by country 
(Thousand pounds of contained tungsten) 
Country 1974 1915 19165 
North and Central America: 
Canada? ~- oet ↄ ͥq⁶ ͥ E h πμ 2,822 2,584 *3,530 
Guatemala. ________________ LL Ls sss 2LL 14 2 -- 
Merio ur. t a Za Air messe leen 681 611 518 
United States 7,881 5,588 5,830 
uth America: 
Argenti —— o· Sd A epe LEE 1207 190 180 
Bolivia sete See ie E 34471 35,661 46,700 
Brazil. c2 ποπ οκ uman a eee 2,189 2,496 2,650 
Perüc 2 csl te ALLE c Lm i EL T1,550 1,283 1,803 
Europe: 
ο ο ls a et Les emi ri A SD UU. — 798 1,198 
5 ος ο 8 115 115 115 
ο κ πα RE og MERITIS ER V 8 11,574 1.367 1,775 
Portugal JJ ðͤ d CM aM 8 13,236 3,139 2,813 
% TCT0GſG0B0B—ÿH dd ĩͤð2v νοκ 1765 774 611 
ολ õö . 8 1474 815 *440 
USSR eei ei ut Eas ο el 16,800 17,200 17,600 
United KingdoͤHꝑ,l k 122 22 22 
Africa: 
Burundi uo ß e ie tee 2 
ION A s ο οι πο ο Εκ πο ασε. (5) (5) 08) 
Rhodesia, Southern-.. Du 201 55 
Rwanda. — æE ẽd5ꝛ5⁴ 88 1624 761 *840 
Southwest Africa, Territory oa]!!! . 16 18 
7ͥͤĩÄ⁰ ³ T MS er EAS 1 (5) ἜΠΗ 
Uganda" Su. d iei e ier E 240 240 240 
^) Memor HENCE y y 8 432 547 529 
Asia: 
Burma ο ποπ EP πο πι ee 750 728 1,032 
China, People’s Republic οἵ... --- 18,700 19,800 19,800 
Idi us a ως μμ (yy y n Noe. 21 43 51 
J))7)õõͤͤͥͥ ιτ ELLE 71,786 1.693 1.795 
Korea, North 4,140 4,740 4,140 
Korea, Republic oeůe˖ kk 5,046 5,298 5,655 
Μα ανα i δις ως .... ß E 289 234 141 
Thailand Lu L u E LLLA edid ών 14,497 8,609 4,180 
jii, OY e scp AAA € ÀÓ = = 046 
ia: 
F p LL M e qeu 79,128 4,262 5,879 
New Zealand ________ 2-2 k 22222222222 2-- NR m 
Total: 6 nonc d ⅛˙¹·i¹ 6 55m 8 782,832 84,262 91,845 
Estimate. Pre 


liminary. ‘Revised. 
1Conversion factors: WO, to W, multiply by 0.7931; 60% WO, to W, multiply by 0.4758. 
*Producer’s shipments; actual production data are not officially reported, but available company figures indicate a 
substantial difference between actual output and shipments in some years. 
3Data presented are sum of production re reported by by COMIBOL and exports credited to medium and small mines and 


other unspecified exporters (including L). Total national output is not reported. 
“Actual recorded total ο... output. Not available for prior years. 
5Less than 1/2 unit. 
Production of Beardmore mine 


only. 
Production of Brandberg West mine of South West Africa Company, Ltd. only. Data are for calendar years. 
Revised to zero. 


Gosho Ltd., and a local company Mineração 


COMIBOL tungsten reserves were esti- 
Tomaz Salustino S.A. The new company 


mated as follows: Bolsa Negra, 442,000 tons 


at 1% WO,; Kami, 100,000 tons at 0.98% 
WO;; Viloco, 2,210 tons at 0.98% WO;; 
Esmoraca, 1,990 tons at 1.8% WO;,. IMCO 
reserves were estimated as follows: Chojlla, 
2,210,000 tons at 1% WO;; Chambillaya, 
496,000 tons at 1% WO;; Enrramada, 
551,000 tons at 1% WO; San José Bergue, 
55,100 tons at 1% WO;; Santa Isabel, 11,000 
tons at 1% WO,. Various small mines had 
reserves estimated at 160,000 tons averag- 
ing 1.05% WO,“ 

Brazil.—A new tungsten company, Brejui 
Mineracáo e Metallurgia S.A., was estab- 
lished by Nittetsu Mining Co., Kanematsu- 


will produce 130 tons per year of synthetic 
scheelite from tailings in the Currais Novos 
region. Α pilot plant for the production of 
10% to 75% scheelite concentrate from 
0.2% ore also was scheduled for con- 
Struction in 1977, at the site of the large 
Brejui tungsten mine. 

Union Carbide Corp. brought its new 
tungsten mine and mill in Boca DeLage 
onstream in December 1976. The operation 
is scheduled to produce 1 million pounds per 


*U.S. Embassy, La Paz, Bolivia. Industrial Outlook 
arly State Department Airgram A-86, Aug. 2, 1976. 
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Table 18.—Tungsten: World concentrate consumption, by country 
(Thousand pounds of contained tungsten) 


Country! 


Actual consumption: 


Australia ............... . ....... . Lc 
Austria eer re UA mrt e 
Canada .— u. u LD I EIC ποσα 


United Kingdom 


United States 


Apparent consumption, excluding stock variations:? 


ιο κιτ 


Estimate. Preliminary. Revised. 
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1974 1975 19765 

---- 88 88 690 
ο. 2.310 2,008 eg 000 
ö 602 269 e 3975 
553 2.745 2.700 2.700 
5 3.926 3.179 3.139 
5 6,466 4.773 5.671 
5 831 780 595 
5 3.702 3.629 3,761 
5 6,116 4.251 
„ 16,299 14,013 16,107 
Caen rene maa 150 121 © 3130 
3 313 90 401 
55 315 613 * 3620 
MODE 4,500 4,600 4,700 
"T 600 600 
5 4.068 2.551 4,464 
„ 71:320 71.320 1,920 
ο... 396 €310 e 4310 
m 3,500 3,500 8,500 
„„ 1.400 1,500 1.600 
WO a τ 495 2.465 90 593 
e 3.730 3 549 4231 
8 573 550 550 
5 231 132 *148 
a 14,900 715,300 16,100 
8 7g, 506 73.557 80,962 


lIn addition to the countries listed, Bulgaria, Denmark, Finland, Israel, Norway, Romania, Switzerland, and 
Yugoslavia may consume tungsten concentrate, but consumption levels are not reported and available general 
information is inadequate to permit formulation of reliable estimates of consumption levels. 

2Estimated by U.S. Bureau of Mines. (All estimates not so footnoted are reported in the primary source.) 


production plus imports minus exports. 


*Data represents tungsten content of concentrate consumed to make ammonium paratungstate at APT plant adjacent 


to Sangdong mine and mill. 


year of tungsten in concentrate. The output 
will be marketed by UCORE Ltd., London, a 
trading company wholly owned by Union 
Carbide. 

Canada.—Canada Tungsten Mining Corp. 
Ltd. (CTMO) planned to double the mill 
capacity at its Flat River mine in the 
Northwest Territories to 1,000 tons of ore 
per day. Construction of additional facilities 
was planned for the summer of 1977. 
CTMC's mill treated 188,934 tons of scheel- 
ite ore, averaging 1.55% WO;, during the 
year. Total production was 238,998 short ton 
units of WO,, an increase of 33% over that 
of 1975. Mill recovery was 81.6% in 1976, 
compared with 71.1% in 1975. The concen- 
trator operated at a rate of 523 tons per day 
with an overall efficiency of 97.8%. Minable 
ore reserves at yearend were estimated to 
be 4,190,000 tons of ore, grading 1.55% WO;. 
Exploration, development, and diamond 
drilling added about 857,000 tons, averaging 
1.65% WO,, to the ore reserve in 1976.5 

India.—Production of tungsten concen- 
trate from two mines totaled 97,372 pounds, 
an increase of 18% over that of 1975. Over 
80% of this production was from Rajasthan, 
with the remainder coming from West Ben- 


gal. Imports of tungsten concentrate into 
India totaled 828,937 pounds valued at $2.4 
million, Thailand and Bolivia were the ma- 
jor suppliers. 

Korea, Republic of.—The Ministry of 
Commerce and Industry reported that 5,138 
tons of tungsten in concentrate was pro- 
duced in Korea during 1976 by the following 
companies: 


Short tons of 

Company contained 

tungsten 
Chungyang Mining Co., Ltd 160 
Korea Tungsten Mining Co., Ltd. |... 4,619 
Okbang Mining Co., Ltd. _________ _ 71 
her companies 288 
OCI iS hee ee m T S: 5,138 


Korea Tungsten Mining Co., Ltd., 8.7% 
owned by the Republic of Korea, increased 
production by 86% and accounted for al- 


5Canada Tungsten Mining Corp. Ltd., (Toronto, Canada). 
1976 Annual Report. 9 pp. 
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most 90% of the country's tungsten output. 
The Economic Planning Board reported 
that stocks on hand at yearend 1976 were 
540 tons. 

Rwanda.—The larger of two competing 
wolframite mining operations was absorbed 
by Société Miniére du Rwanda (SOMIRWA), 
which in 1976 mined over 93% of Rwanda's 
yearly output. Concentrate output is rela- 
tively high grade, containing about 7096 
WO;, and was sold directly through GEO- 
MINES, a Brussels-based company. 

Thailand.—Production of tungsten con- 
centrate in 1976 totaled 4,384 tons, averag- 
ing 65% WO;, an increase of 25% over that 
of 19'75. 

Turkey.—Etibank's new Uludas tungsten 
mine and mill was nearly ready for inaugu- 
ration by yearend. The deposit is near the 
near the summit of Uludas Mountain and is 
in two sections. The upper section is low 
grade and garnetiferous, while the lower 
section is granitic and averages about 0.4% 
WO;. Mining is by underground methods, 
and the concentrator, employing magnetic 
separation and tabling, has a capacity of 
about 3,300 tons of concentrate per year at 
about 65% WO, The mine is owned and 
operated by the Turkish State mining enter- 
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prise Etibank, and the cost of development 
was reportedly about $90 million. 

United Kingdom.—An extensive drilling 
program was underway at the Hemerdom 
tungsten-tin and kaolin mine near Ply- 
mouth to prove the extent of mineraliza- 
tion. Tungsten mineralization averages 
0.29% WO;, and it was hoped that an ore- 
body of 50 million tons could be proved. The 
old mine was operated underground, but 
any new venture would use open pit 
methods.* 

Weco Development Corp. of the United 
States announced that it granted a I- year 
option, beginning September 1, 1976, to the 
Carrock Fell Mining Company Ltd. (part of 
the Amalgamated Industrials Ltd. in the 
United Kingdom) and to Robertson Re- 
search International Ltd., an international 
engineering-consulting firm, to reopen 
Weco's Carrock Fell tungsten mine. This 
consortium intends to undertake a develop- 
ment and evaluation program and to modi- 
fy and improve the mill. If the new opera- 
tors exercise their option to place the mine 
into production on a continuing basis, Weco 
will retain a 31.596 interest in the mine and 
mill, including 3,500 acres of land. 


TECHNOLOGY 


Bureau of Mines researchers successfully 
coated two large steel valve seats with an 
adherent deposit of tungsten for test in an 
experimental coal gasifier to determine 
their ability to withstand wear, abrasion, 
and corrosion at temperatures up to 1000*C. 
Approximately 0.6 pound of metallic tung- 
sten was deposited on each seat by a chemi- 
cal vapor deposition technique. Advantages 
gained by this method were the ease of 
application and the requirement of only 
moderate temperatures during application. 

Studies were continued during the year 
by Bureau of Mines research metallurgists 
to develop a process to recover tungsten 
economically from the low-grade brine de- 
posits of Searles Lake, Calif. These deposits 
contain about 35 million pounds of tung- 
sten. = 
According to manufacturers, cutting tools 
made by the particle metallurgy process are 
replacing carbide and high-speed-steel pro- 
ducts. The process is especially useful in 
blended alloys of cobalt and tungsten. Un- 
like the powder metallurgy process, in 
which powder is compacted under high 
pressure, particle metallurgy involves heat- 
ing the particles to a molten temperature 
and then cooling the material in a vacuum. 


Industrial research was reported on coat- 
ings, such as titanium and hafnium nitrides 
and alumina, and tungsten carbide cutting 
tools as well as changes in tool shapes such 
as fluting and layer webs.“ Coated tools 
combine the strength of the tungsten sub- 
strate with the hardness and reduced 
friction of coatings that minimize cratering. 
In particular, the coated tools are excellent 
for roughing steel, whereas a solid tungsten 
carbide tool is excellent for finishing oper- 
ations on medium steels at lighter feeds and 
speeds. The latest coating development uses 
a tungsten carbide substrate with triple- 
phase coatings of which the first layer is 
titanium carbide, the second layer is tita- 
nium carbonitride, and the outside coating 
is titanium nitride. The titanium carboni- 
tride provides a better bond between the 
coatings.* 

Field tests were conducted by Teledyne 
Firth Sterling on tungsten carbide tools 
coated with hafnium nitride (0.002 inch 
thick) The coated tools have a higher 


Metal Bulletin. Hemerdon Reincarnation. Νο. 6144, 
Nov. 19, 1976, pp. 26. 

"Mari, A. Technology Moves Ahead in Cutting Tools. 
Amer. Metal Market, v. 83, No. 81, April 1976, pp. 21-30. 

5Work cited in footnote 2. 
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temperature hardness since the hafnium 
nitride has more lubricity than hafnium 
carbide, thereby reducing the cratering 
problem. These coated tools perform best on 
ae alloyed steels that generate a strong 
chip.? 

General Electric Co.’s Carboloy Systems 
Department introduced a line of tungsten 
carbide disposable inserts coated with alu- 
mina for cutting metal in applications 
where cutting speeds are beyond the capa- 
bilities of tungsten carbide tools coated with 
titanium carbide and where solid oxide tools 
tend to break. The chemical inertness of 
alumina makes it an excellent material for 
high-speed machining (above 500 surface 
feet per minute). Below 500 surface feet per 
minute, titanium carbide is more resistive 
to abrasive wear, the primary cause of 
insert failure in that speed range. 0. 

An entirely different design of a carbide 
cutter tool, the Dust Hog, was introduced by 
Mining Tools Inc. and is claimed to have 
substantially better performance character- 
istics than conventional mining bits. The 
new drilling bit features layer webs and 
places the dust holes closer to the tungsten 
carbide cutting edge for more efficient drill- 
ing and dust collection. The tool is claimed 
to run cooler, to provide 5596 faster penetra- 
tion, and to have 50% longer life in dry 
drilling applications. The design change 
includes a hexagonal coupling between the 
bit and steel chuck that is more rigid, is 
almost impossible to break, and produces 
straighter holes by eliminating bit wobble." 

General Electric researchers completed a 


project for the Marshall Space Flight Cen- 
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ter to improve the service properties of 
tungsten for uses such as X-ray targets. The 
researchers designed and tested a facility 
which permits the levitation melting of 
tungsten through electromagnetic levita- 
tion with electron-beam heating. Not only 
does this process provide a means of grow- 
ing tungsten crystals for the production of 
X-ray targets, but it also can deposit tung- 
sten onto molybdenum by vapor deposition 
from a superheated melt. Several advan- 
tages were claimed for the process in that 
the targets produced were reported to have 
a greater exposure life, greater strength, 
and enhanced room temperature ductility.'? 

Several patents were issued during the 
year relating to tungsten recovery. One 
patent concerned the separation of tungsten 
and molybdenum when the two metals 
occur together in solution.’* A second pat- 
ent related to the extraction of tungsten 
from solutions containing the metal. The 
solvent extraction occurs by utilizing am- 
monium hydroxide and about 36% silica by 
weight to convert the tungsten to soluble 
ammonium metatungstate.“ 


° Page 28 of work cited in footnote 2. 
5 Metal Market. V. 83, No. 179, Sept. 13, 1976, 
1 


p. 17. 
11Mining Journal (London). V. 287, No. 7365, Oct. 15, 
1976, p. 299. 
!3 Marshall Space Flight Center. Containerless Process- 
mg H Tungsten. NASA Tech Briefs, MFS-23509, Fall 1976, 


p. 454. 

13Bellingham, A. I. (assigned to Warmen Equipment 
(International) Ltd.). Process for the Se tion of Tung- 
sten and Molybdenum. U.S. Pat. 3,939,245, Feb. 17, 1976. 

14Ritsko, J. E. (assigned to GTE Sylvania, Inc.). Process 
for Producing Ammonium Paratungstate From Ammo- 
nium Tungstate by Digestion in Silica. U.S. Pat. 3,956,474, 
May 11, 1976. 


Digitized by Google 


Uranium 


By James H. Jolly: 


The search for uranium continued to 
accelerate worldwide in 1976, owing to high 
uranium prices and expanding nuclear pow- 
er programs. Both U.S. and world uranium 
reserves increased significantly. U.S. re- 
serves at forward costs to $30 per pound of 
UO, were estimated at 680,000 tons of 
UsO,, a 40,000-ton increase, and world re- 
serves at $30, exclusive of central economy 
countries, were estimated at 2.4 million tons 
of U. O.. 

In the United States, most States had 
some level of uranium exploration activity. 
The Energy Research and Development Ad- 
ministration (ERDA) continued to expand 
its uranium reconnaissance activities under 
the National Uranium Resource Evaluation 
(NURE) program. Interest in low-grade ura- 
nium resources increased. Land acquisition 
and exploration drilling were at alltime 
highs. Mining activity continued high, and 
the gross tonnage of ore mined exceeded 
last year's record. The number of producing 
mines increased dramatically over that of 
1975. In 1976, underground mines totaled 
209, open pit mines 44, and other sources 28, 
compared with 121 underground mines, 23 
open pits, and 25 other sources producing in 
1975. More ore was milled in 1976 than 
during any previous year. Although milled 
ore increased almost 19%, uranium pro- 
duction increased only about 10% owing to 
lower ore grades and poorer mill recoveries. 
The millfeed grade averaged 0.15% U, O, in 
1976, down from 0.16% in 1975 and 0.17% in 
1974. Sixteen conventional mills and two 
plants that recover uranium from in situ 
leaching solutions operated in 1976. Ura- 
nium recovery from phosphate rock was 
hampered by technical problems. 

Uranium production was expected to in- 
crease rapidly in the next few years. A 
number of major new mines and associated 
mills were nearing startup, under con- 


struction, or planned. New developments 
were primarily underway in New Mexico 
and Wyoming. Increased emphasis was 
placed on recovery of uranium by solution 
mining, primarily in Texas and Wyoming, 
where a number of operations were starting 
up and planned. In Florida and Louisiana, 
increased production of uranium from phos- 
phate rock was also anticipated. 

In other sectors of the nuclear fuel cycle, 
legislation to aid the development of private 
uranium enrichment facilities was not ap- 
proved making the future uncertain for 
proposals by four private groups. Programs 
to increase capacity at three Government 
enrichment plants continued, and plans to 
build an additional enrichment plant mov- 
ed forward. A nuclear-fuel-reprocessing fa- 
cility in South Carolina was almost comple- 
ted; however, licensing problems and politi- 
cal decisions related to plutonium, prolifer- 
ation, and waste management were delay- 
ing startup. In October, the President put a 
3-year de facto moratorium on commercial 
fuel reprocessing and plutonium recycle. 
Waste management was a major concern. 
Long-term storage in stable geological for- 
mations continued to be the favored means 
of disposal. 

Shortages of investment capital, concern 
for reactor safety, plutonium, radioactive 
waste, nuclear weapons proliferation, and 
reduced electricity demand continued to 
delay commercial nuclear power develop- 
ment. Problems related to nuclear prolifer- 
ation, terrorism, and theft became major 
issues in 1976. Although public concern 
over nuclear power increased in 1976, 
voters in seven States voted down proposi- 
tions designed to limit or stop construction 
of all future nuclear powerplants. The 
Price-Anderson Act, which provides finan- 
cial protection to the public against losses 


! Physical scientist, Division of Nonferrous Metals. 
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resulting from a nuclear accident, was ex- 
tended for 10 years but was modified to 
enable the Government’s indemnity to be 
phased out. 

Seven new nuclear power plants became 
operable in 1976; however, there were or- 
ders for only three new plants, resulting in 
the smallest total megawatts ordered since 
1965. At yearend, 65 plants were operable 
and 172 were under construction or plann- 
ed. Nuclear powerplants generated 9.4% of 
the Nation’s electrical energy in 1976, up 
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from 8.9% in 1975. Overall, nuclear power 
supplied 2.8% of the Nation’s total energy 
needs in 1976. 

In the rest of the world, nuclear power 
development continued at a strong pace, 
and by mid-1977 the rest of the world’s total 
on-line nuclear megawatt capacity was ex- 
pected to exceed that of the United States. 
At yearend, exclusive of the United States, 
there were 111 nuclear plants operable in 
18 countries and 187 under construction or 
planned in 30 countries. 


Table 1.—Salient uranium statistics 
(Short tons of U,O, unless otherwise specified) 


1972 1978 1974 1975 1976 
Production: 
Domestic: 
Mine:! 
οι ou eee uod ο. thousand tons 6,418 6,537 7,11 7,865 9,198 
Contentoforé ....":......--------------------------- 18, 13,588 12,418 2,800 14,000 
Average grade of ore percent UsOs.. _ 213 «208 .174 164 154 
332 ⁵ KV μας μισο» 12, 12,901 11,614 11,489 12,518 
Value c ĩ A 8 thousands. . $162,272 $167,718 $192,560 $281,888 $404,830 
Mill, concentrate! ............-.--.-.-΄-------.-.---.-.-.-------. 12,900 18,285 11,528 11,600 12,700 
„„ fd Ελ E 125,625 25,488 24.616 26,677 80,100 
Domestic delivery of concentrate, private 11,600 12,100 11 12,500 12,900 
Imports, concentrate _ ~ - - - - - - - -- ---------—------ 2,829 5,605 1 1,226 5,597 
Reservessz thousand tons. _ 520 684 600 640 680 
Employment number of persona 6,403 6,595 7,298 9,672 12,612 
*Estimate "Revised. 


1Receipts at mills; excludes uranium from leaching operations, mine waters, and refinery residues. 


on mill recovery factors. 


Market value based on recoverable UsOs content and estimated average price. 
leaching operations. 


“Includes marketable concentrate from 
Market economies only. 


* At yearend; forward cost of $15 per pound Ue for 1972, and of $30 per pound UsOs for 1978-76. 


In exploration, mining, and milling at 


Principal source: Energy Research and Development Administration. 


Exploration and Reserves.—According to 
an ERDA survey,? 108 companies reported 
expenditures of $171 million on uranium 
exploration activities in 1976, compared 
with expenditures of $122 million in 1975. 
Foreign interests in 15 companies account- 
ed for $13 million, or about 8% of total 
exploration expenditures. At yearend, 96 
companies reported uranium exploration 
holdings of almost 15 million acres, 2696 
more than in 1975. During 1976, 4.75 mil- 
lion acres were acquired at a cost of $14 
million. The cost per acre ranged from less 
than 10 cents to more than $200, averaging 
$2.92, down from $4.80 in 1975. 

In 1976, more than 67,000 surface holes 
were drilled by 118 companies using an 


estimated 200 drill rigs. Total exploration 
and development drilling footage was a 
record 34.8 million feet, 8796 more than in 
1975. Exploration costs, including drilling, 
access roads, site preparation, geologic and 
technical work, sampling, and logging, 
ranged from $1 to $25 per foot, averaging 
m per foot, an 8% increase over costs in 

Ten companies reported 850,000 feet of 
surface drilling exclusively for solution mi- 
ning production in 1976 at a cost of $1.83 


million, averaging $5.28 per foot drilled. 


5 Research ον... 
ο... (Colo.) Office um Exploration Ex 
pendit in 1976 and Plans in UTR oj 108, Y 
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Table 2.—Surface drilling for uranium 


1975 1976 
Number of holes 55,900 — 67,600 
of d ill 2 1 

Exploration - - - -thousand feet 15, 4 20,360 
Development do— _ _ 9,7 14,440 
ERN UD do... 25,20 34,800 

Average dei per hole feet. 460 510 

"Estimate. 


Does not include im validation or underground long 


hole and diamond dril 


E Source: Energy Research and Development Administra- 
on. 


Table 3.—Distribution of drilling by State 


State LM 
(millions) 
Wyoming 12 
New Mexico __ _ -..... 6 
Tegag. uc o ο Lo 8 8 
Colorado 1 
μμ οικου eee xus 2 
Other? _____________________ 2 
Total uu ee UEM 26 
Includes Alaska, 


Washington, and Eastern United Sta 


Source: Energy Research and Development Administration. 


New Mexico and Wyoming continued to 
be the leading States in uranium reserves 
with a combined total of 86% of the $10 
reserves and 83% of the $15 reserves. ERDA 
estimates of yearend reserves by State at a 
cost of $30 per pound of U, O, were: 


Per- 
i iis Grade — Tons cent of 

State of ore (per. of total 

lions) UsOg) UsOs 
New Mexico 328 0.11 357,000 52 
Wyoming 308 07 1216, 000 32 
Texas 87 05 44000 7 

na, 

Colorado. Utah 39 11 43,000 6 
mt. o s ss .08 ,000 3 
Totaal 786 09 680,000 100 


Includes low grade reserves recoverable at $30 per 
pound by solution mining. 

California, Idaho, Montana, Nevada, North Dakota, 
Oregon, South Dakota, and Washington. 


Source: Energy Research and Development Administra- 
tion. 


ERDA reported increases in overall do- 
mestic uranium reserves in 1976, but esti- 
mates of reserves recoverable at a cost of 
$10 or less per pound of U;O, declined sig- 


1975 1976 
1 e 1 Approxima ^ te 
percen ootage percen 
total (millions) total 
41 12 34 
22 11 3 
13 3 9 
4 3 
7 2 6 
7 8 10 
100 84 100 


Arizona, nis Idaho, Nevada, Nebraska, North Dakota, Oregon, Oklahoma, South Dakota, 


nificantly owing to the effects of inflation 
and to reevaluation of data for certain 
deposits. There were 526 properties having 
reserves at $10 per pound of U,O, and 1,801 
properties having reserves at $30. 

ERDA continued to expand its NURE 
program to assess the potential uranium 
resources of the United States, including 
Alaska, by 1981. Nearly 80,000 miles of 
aerial radiometric reconnaissance surveys 
were flown in 1976 using computerized, 
high-sensitivity, gamma-ray spectrometers 
and magnetic detectors. The resource pro- 
gram also included hydrogeochemical stud- 
ies and the sampling of alluvial sediments. 
Participants included ERDA's national lab- 
oratories, private companies, universities, 
State agencies, and the U.S. Geological 
Survey. Data on the airborne and geochemi- 
cal studies were placed on open file follow- 
ing completion of each survey. To meet the 
expanding program, NURE funds were in- 
creased from $14 million in fiscal 1975 to 
$21 million in fiscal 1976. NURE funds for 
fiscal 1977 were $50 million. 


3Ene Ae Research and Development Administration. 
Annual Report 1976. GJBX - 11 (Grand Junction, 
Colo.), 1977, 15 pp. 
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Table 4.—Domestic ore reserves at various estimated costs 


toff Tons of ore Average e 
Cutoff costa oen on ied qm Tons of UsOs 
pound of UsOs) 1975 1976 1975 1976 1975 1976 
απο οσα ονομα σας 156 129 0.17 0.19 210,000 250,000 
παραπανω σαι μμ σώμα 829 805 .18 .14 430,000 410,000 
ο απ TREDECIM SR 774 786 .08 .09 640,000 680,000 


Includes lower cost reserves. 


Source: Energy Research and Development Administration. 


Table 5.—Domestic resource estimates 


Cost category Tons of UsOs 
per pound Prob- Pos- Specu- 
of UsOs able sible lative 
$10. ona 215,000 115,000 100,000 
3115 490, 000 190,000 
83 1,090,000 1,120,000 480,000 
Includes lower cost resources. 


Source: Energy Research and Development Administra- 


tion. 


DOMESTIC PRODUCTION 


Mine.—Gross uranium ore output was 
25% higher than that of 1975, but the 
average ore grade and mill recovery were 
lower. Domestic ores mined in 1976 graded 
an average of 0.15% U. O., down from 0.16% 
in 1975 and 0.17% in 1974. ERDA data 
indicated production, by State, as follows: 


Mine production! 
State Ore U 
(thousand content 
tons) (tons) 
New Mexico 3,401 500 
yomin ggg 3,315 4, 400 
„F 2,482 3, 100 
Total 222522. 9,198 14,000 


1Does not include output of approximately 200 tons of 
UsOs from mine waters, leaching operations, and recovery 
from phosphate rock poene 

Colorado, Texas, Utah, and Washington; combined to 
avoid disclosing individual company confidential data. 


About 48% of the total production of 
14,000 tons of U. O, was from open pit 
mines, 48% from underground mines, and 
4% from other sources. There were 209 
underground mines, 44 open pits, and 28 
miscellaneous sources in 1976, compared 
with 121 underground mines, 23 open pits, 


and 25 miscellaneous operations in 1975. 

In 1976, many new mines, mainly in New 
Mexico and Wyoming, were either brought 
into production, under development, or 
planned. The Johnny M mine in New Mexi- 
co, a joint venture of Ranchers Exploration 
& Development Corp. (RED) and HNG Oil 
Co., began production from Section 7 in late 
1976, after being delayed almost a year by 
startup problems. Full production of about 
600 tons of ore per day is anticipated in 
early 1977 following development of the 
Section 18 ore body. RED and Chaco Energy 
Co. were developing the Hope mine near 
Grants, N. Mex. for ore production of 6,000 
tons per month in1977. A 465-foot shaft was 
completed in September. Ore reserves, esti- 
mated at 224,000 tons containing 826,000 
pounds of recoverable U, O, were adequate 
for about a 3-year operation. 

Phillips Petroleum Co. announced plans 
for the development of its Nose Rock depos- 
it near Crownpoint, N. Mex.‘ Plans called 
for the sinking of four 3,400-foot shafts, two 
for production and two for ventilation, be- 


Phillips Petroleum Co. 1976 Annual Report. P. 16. 
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ginning in 1977. Production of about 3,000 
tons of ore per day was expected in the early 
1980's. Mill construction was planned for 
1978. The deposit was estimated to contain 
reserves of about 25 million pounds U, O. 

The L-Bar mine and mill complex in the 
Laguna District, New Mexico, jointly owned 
by Sohio Petroleum Co. and Reserve Oil & 
Minerals Corp. (ROM), began uranium pro- 
duction in August. The only operating mine 
of the complex, the J. J. Number One mine, 
was expected to attain full production of 
1,500 tons per day by mid-1977. Aggregate 
reserves in three deposits on the property 
totaled 17.4 million pounds of U. O.. The 
mill, which was completed by Fluor Utah, 
Inc. in July, was approaching rated design 
capacity, 1,600 tons per day, at yearend. 
Much of the ore being milled, however, was 
from the nearby, recently opened St. Antho- 
ny open pit mine of United Nuclear Corp. 
(UNC). UNC planned a yearly production of 
500,000 pounds of U, O,. Recent drilling and 
mine development indicated that the St. 
Anthony mine's U;O, reserves were sub- 
stantially higher than the 7.9 million 
pounds initially thought to be present. 

UNC continued development at its lar- 
gest ore-producing mine located near 
Church Rock, N. Mex. A second 1,760-foot 
production shaft was completed in late 
1976. Annual production of the mine was 
anticipated to be about 3 million pounds of 
UO, when the new shaft is operational in 
1977. Construction of a 3,000-ton-per-day 
mill was on schedule, and the mill was 
expected to be completed in June 1977. 

Gulf Mineral Resources Co. (GMR), a 
division of Gulf Oil Corp., continued devel- 
opment on the largest and deepest uranium 
mine in the United States, near Mount 
Taylor in New Mexico. The ore body, which 
lies at a depth of 3,500 feet, was estimated to 
have reserves exceeding 100 million pounds 
of U;O,. At yearend, both the 24-foot main 
shaft and the 14-foot service shaft were 
sunk to a depth of about 1,000 feet. Shaft 
sinking was expected to be completed in 
1979, with commercial production schedul- 
ed for 1981. 

Kerr McGee Corp. (KMC) continued ura- 
nium ore production from seven mines in 
the Ambrosia Lake region near Grants, N. 
Mex., and from its new Church Rock No. 1 
mine, which was expected to attain full 
capacity in 1977. KMC planned three addi- 
tional mines in New Mexico: A second mine 
at Church Rock and mines at Roca Honda 
in eastern Ambrosia Lake and at Rio Puer- 
co between Grants and Albuquerque. The 
Rio Puerco mine was expected to begin 
production in early 1977. 
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The Section 21 (Ruby) mine at Smith 
Lake, N. Mex., operated by Western Nu- 
clear, Inc. (WNI), began ore production in 
mid-1976 at a rate of about 15,000 tons per 
month. The ore was being toll-milled milled 
at Ambrosia Lake. WNI, which has addi- 
tional reserves at Smith Lake, was planning 
a second mine in the area. 

Mining operations at Homestake Mining 
Co.’s (HMC) F-33 mine near Grants were 
terminated late in 1976. To meet its con- 
tract commitments, HMC was increasing 
production at the four United Nuclear- 
Homestake Partners (UNHP) mines in the 
Grants area and planned to bring onstream 
a fifth UNHP mine in the latter half of 
1977. Production from the new mine was 
expected to be about 200,000 pounds of U;O, 
per year. 

In Colorado, HMC continued develop- 
ment of the Pitch open pit mine near 
Gunnison. Production, expected in 197', 
was to be toll-processed through the UNHP 
mill in New Mexico prior to the startup of 
the Pitch mill, scheduled for operation in 
1979. Plans called for mine production of 
150,000 tons of ore per year with a mill 
output of 600,000 pounds of U;O, yearly. 
Reserves were estimated to exceed 10 mil- 
lion pounds οἵ U,O,. 

In December, Utah International Inc. 
(UD, a large producer of uranium in Wyo- 
ming, merged with General Electric Co. 
(GE) with GE as the surviving company. 
UTs uranium operations were transferred 
to a new wholly owned subsidiary, the 
Lucky Mc Uranium Corp. Under terms of 
the merger, Lucky Mc will not be able to 
sell uranium to GE until the year 2000. 

Lucky Mc planned to develop nine ura- 
nium pits on its Green Mountain uranium 
property, located 15 miles southeast of 
Jeffrey City, Wyo. The company began 
stripping operations and mine construction 
in 1976. Development of the pits, which 
involves the removal of about 100 million 
cubic yards of overburden, was not expected 
to be completed until the mid-1980's. Min- 
eral Exploration Co., a subsidiary of Union 
Oil Co., and Silver Bell Industries planned a 
mining operation to produce about 15 mil- 
lion pounds of U- O, from a property near 
Rawlins, Wyo.5 Construction of a $45 mil- 
lion mine-mill complex was expected to 
begin in 1977 with a 3,000-ton-per-day mill 
scheduled for startup in late 1978. 


5Mining Journal (London) Uranium Mine Near Raw- 
lins. V. 287, No. 7361, Oct. 29, 1976, p. 342. 
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Rocky Mountain Energy Co., a joint ven- 
ture of Union Pacific Corp. and Mono Power 
Co., was constructing a $50 million mine- 
mill complex at Bear Creek, 65 miles north- 
east of Casper, Wyo. Construction of a 1,000- 
ton-per-day mill began in 1976, and the mill 
was expected onstream in late 1977. A 12- 
year operation was envisioned. 

The Cleveland-Cliffs Iron Co., Getty Oil 
Co., Skelly Oil Co., and Nuclear Resources 
Inc., a unit of Commonwealth Edison Co. of 
Chicago, were planning to develop reserves 
containing 12 million to 18 million pounds 
of UO, in the North Butte area of the 
Powder River basin in Wyoming. A full- 
scale mining and milling operation was 
envisioned in 1982.* 

KMC signed a uranium sales contract 
with Public Service Electric and Gas Co. of 
New Jersey, calling for the delivery of 20 
million pounds of uranium between 1980 
and 1995.' The uranium is scheduled to be 
mined from KMC's reserves in the South 
Powder River basin in Wyoming. The pro- 
ject, as planned, required the opening of 
three underground and several open pit 
mines and construction of a uranium mill. 
KMC planned to start production from the 
Bill Smith mine, its first mine in the basin, 
in 1977. The production shaft and haulage 
development of the Bill Smith mine were 
nearly complete at yearend. 

The Morton Ranch property in Wyoming, 
a joint venture of the Tennessee Valley 
Authority and UNC, was expected to begin 
production in 1977. Stripping operations on 
a 32-acre area began in December. Startup 
of a 1,000-ton-per-day mill was scheduled for 
1979. Ore reserves containing 11.4 million 
pounds of U, O., were expected to be ex- 
hausted in about 10 years. 

WNI, which received approval in October 
from the U.S. Department of the Interior, 
planned to proceed with its $50 million 
Sherwood uranium project on the Spokane 
Indian Reservation near Wellpinit, Wash. 
Development of the mine and construction 
of a 2,000-ton-per-day mill were to begin in 
January 1977, with completion scheduled 
for mid-1978. Reserves were estimated to be 
about 12.5 million pounds of U;O.. 

Standard Oil of California planned to 
begin construction in 1977 on a $40 million 
mining and milling operation in south Tex- 
as near Panna Maria, where the company 
has reserves of about 5.5 million pounds of 
U. O.. Open pit mining and ore processing 
were expected in 1979; eventual capacity 
was anticipated at 2,000 tons of ore per day. 

The establishment of uranium-ore-buy- 
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ing stations in Colorado and Utah by pri- 
vate companies resulted in the opening of 
many small independent mines. GE was 
planning to increase ore buying at its Natu- 
rita, Colo., buying station from less than 
10,000 tons per month in 1976 to 20,000 tons 
per month in 1977. Energy Fuels Ltd. (EFL) 
was establishing ore-buying stations at 
Hanksville and Blanding in southern Utah. 
In December, EFL owned, leased, or held 
production rights of 30 small, active mines. 
The company, which anticipates bringing in 
about 1 million pounds οἵ U,. O, in ore per 
year, was studying proposals on whether or 
not to establish mills near the buying sites. 

UOCO, Inc., established a buying station 
in Salt Lake City in July and was buying 
ore from independent and widely scattered 
producers. Plans called for the arranging of 
toll milling and supplying of yellowcake to 
utility clients. 

Solution Mining.—Niagara Mohawk 
Utilities (NMU) and U.S. Steel Corp. (USS) 
bought out the interest of Atlantic Richfield 
Co. (ARCO) and Dalco Oil Co. in two in situ 
producing properties in the Clay-West ura- 
nium field in Live Oak County, Tex. The 
sale of ARCO’s interest in the uranium 
properties reportedly was to help lessen 
antitrust objections to the planned acquisi- 
tion of The Anaconda Company by ARCO. 
Production capacities of the two properties 
were rated at 150,000 and 250,000 pounds of 
U,O, per year in 1976. Facilities at both 
properties were undergoing expansion and 
were expected to have capacities of 500,000 
and 1 million pounds of U,O, by 1978. 

Intercontinental Energy Corp. (IEC) 
planned to start production at a 150,000- 
pound-per-year in situ facility on its Paw- 
nee and Sparkman properties in Bee and 
Live Oak Counties, Tex., in early 1977 to 
fulfill a uranium contract with Virginia 
Electric Power Co. IEC concluded an- 
other sales contract in December that will 
require the startup in early 1978 of a 
300,000-pound-U;O,-per-year in situ leach- 
ing operation on its Zamzow site, also in 
Live Oak County. The Zamzow site was 
reported to have uranium reserves of 1.3 
million pounds of U. O. 

Wyoming Minerals Corp. (WMC), which 
has several in situ operations, began pro- 
duction at its Bruni, Tex., site (250,000 


*American Metal Market. Cleveland-Cliffs Reports 
Group Plans To ορ Uranium Site. V. 83, No. 178,“ 


ace 1976 „ AC 


5 8 T "Signed 
P 


SAmerican Metal Market. Socal In vesting $40 Million in 
Texas Uranium. V. 82, No. 196, Oct. 6, 1976, p. 9 
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pounds per year capacity) in 1976 after 
startup problems were resolved. WMC was 
also planning to bring its Lamprecht lease 
in Texas into production in 1977 at a rate of 
500,000 pounds of U. O. per year. In Wyo- 
ming, WMC was constructing a solution- 
mining facility at its Irigaray property, 40 
miles southeast of Buffalo. Plans called for 
a facility able to produce 500,000 pounds of 
ae per year, to be operational in early 
1978. 

Other companies operating pilot solution 
mining operations in 1976 in Texas and 
Wyoming included KMC, Union Carbide 
Corp. (UCC), and Mobil Oil Co. Mobil’s 
efforts in Webb County, Tex., reportedly 
may result in the country’s largest in situ 
leaching operation. 

Byproduct Uranium.—About 200 tons of 
byproduct uranium was produced in 1976 
from mine waters, percolation leaching of 
ore in piles or vats, and wet-process phos- 
phoric acid. Production of uranium from 
mine waters accounted for about half of the 
byproduct total. The only major heap- 
leaching operation in 1976 was a short 
campaign at UCC's Maybell, Colo., site. 

RED acquired about 2 million tons of mill 
tailings at Naturita and Durango, Colo., 
from Foote Mineral Co. for solution recov- 
ery of uranium.* Tests indicated that 1.7 
million pounds of U;O,, or about half of the 
uranium content, as well as substantial 
quantities of vanadium, were recoverable 
by acid leaching in impervious earthen 
tanks 


WMC and Kennecott Copper Corp. (KCC) 
were planning to construct a $6 million 
commercial facility to recover uranium 
from copper dump leach solution at KCC's 
Bingham Canyon, Utah, copper mine.“ The 
installation will comprise two units, each 
processing 3,350 gallons of solution per 
minute through a continuous-ion-exchange 
loop. Production of 143,000 pounds of U. O. 
per year is envisioned beginning in late 
1977. 

Production of uranium from wet-process 
phosphoric acid, although small in 1976, 
was expected to increase rapidly in the next 
few years and was projected to account for 
about 5% of domestic production in 1979." 
The Uranium Recovery Corp. (URC), a sub- 
sidiary of UNC, was expected to begin 
commercial recovery of uranium in the 
latter half of 1977 at the W. R. Grace & Co. 
(WRG) phosphoric acid facility near Bar- 
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stow, Fla. Startup of the uranium recovery 
module was delayed for more than a year 
owing to testing additional equipment and 
making process modifications. URC was 
planning to construct three additional mod- 
ules beginning in 1977. When these four 
units are operational, URC will have the 
capacity to produce 1.3 million pounds of 
UO, per year. 

Freeport Minerals Co. planned to con- 
struct a $32 million facility for the ex- 
traction of uranium at its wet-process phos- 
phoric acid plant at Uncle Sam, La. The 
facility, which has a design capacity to 
produce 690,000 pounds of U;O, per year, 
was expected to be ready for initial pro- 
duction in late 1978. 

Gulf Oil and Minerals Corp. and WMC 
continued with pilot programs to recover 
uranium from wet-process phosphoric acid 
operations. Late in the year WMC an- 
nounced that it was planning to build a 
400,000-pound-per-year uranium recovery 
plant at the Farmland Industries Corp.'s 
phosphoric acid production facility near 
Barstow, Fla. Startup was expected in 1978 
with commercial operation in 1979. 

Mill.—Output of U,O, in concentrate was 
12,700 tons, about 10% higher than in 1975, 
owing mainly to a 1996 increase in mill 
throughput. The mill feed grade continued 
to drop, averaging 0.154% U. O, in 1976, 
down from 0.164% in 1975 and 0.174% in 
1974. Sixteen conventional mills, one more 
than in 19775, plus two additional processing 
plants were operating at the end of 1976. 
The 16 mills operated at the highest aver- 
age rate per mill ever attained (1,500 tons of 
ore per day) and the total tons of ore 
processed (8.9 million) exceeded that of the 
record years of 1960 and 1961 when more 
than 25 mills were processing ore. The mills 
operated at about 77% of capacity, and mill 
recovery decreased marginally, averaging 
slightly less than 93%. At yearend, total 
operable milling capacity was 31,160 tons of 
ore per day, an increase of 2,710 tons from 


1975. 


The Mining Record. Ranchers Exploration Acquires 
, Uranium Mill Tailings. V. 87, No. 44, Oct. 27, 
P 
10Salt Lake Tribune. New Facility To Extract Uranium. 
V. 214, No. 19, Nov. 12, 1976, Sec. B, p. 12. 


Development Administratt tion. 
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Table 6.—Domestic uranium mill statistics in 1976 
(Short tons of U- O, unless otherwise specified) 


Operating mills, γοατοπὰ............--------------.-.-.--... -.......................-................... number 118 
Average daily milling rate ~- ----------------------------------------— tons of ore 24,000 
Mill receipts, content of ore 13,800 
Millfeed: 
Content OF orë ß ß ο ο ο μμ A d A AE t eh E sya 13,700 
ODE ο ος οσο y ⁵ ſſ ⁵ↄ ⁵ↄð yd ] ↄ Spe tases DERE my EQ 200 
jc ———— ÁÁ—  wás— σκοπο κα ⅛˙w ων σαν. 13,900 
Recovery Tale ur ³⁰˙üAA—A⁴A.. a c uo 88 percent 93 
%%% o cnc eiit ο ⁰ 6k yt CSS m Le tO ha 12,700 
ο τα Sas kes a T Dn tm AO Tee μοι ωα μμ φώς πα PRIMO 12,900 
Content of ore, Jan. 1, id. Á——— ο ρου 200 
Content of ore, Dec. 81, .. 8 800 
Concentrate, Jan. 1, NOT ete ο το το ee ο ο. 2,100 
Concentrate, Dec. 31, 76 2 ctc ę- , y yt 8 2,500 
In process: 
Concentrate, Jan. 1,1976 _________ nn 400 
Concentrate, Dec. d. ͤ ł r; mcer eas peisls 600 


1Consists of 16 conventional mills plus 2 additional processing plants 
*Concentrate from leaching operations, mine waters, refinery residues, recycled tailings, and cleanup. 


Source: Energy Research and Development Administration. 


Table 7.—Operating domestic uranium milling and ore processing 
companies and capacities in 1976 


Nominal 
capaci 
Company Plant location (tons 
ore per 
day) 
The Anaconda Company ......---------------------------- Grants, N. en „ 8,000 
%% AA sss eie M P1111 ⁰⅛˙ A se Z 1,100 
Conoco-Pioneer ...... ........ -... -. -. -. -.-. -.-. -.-.-. -.-. -. -- Falls City, Tex-.—— αν τν νο ο 1,750 
Cotter Corp ------------------------- Canon City, ff AAT 450 
i Company e Ford, Wash __ ος ß , 400 
Exxon Co. USA . _ _ Ec m ie River Basin, Wye 8,000 
Federal-American Partners Gas Hi AS 2; %ð v 950 
Kerr-McGee Nuclear Corp ---------------- Grants, N. Men 7,000 
Lucky Mc Uranium Corr «„ Gas Hills, Wyo -.....---------------------- 1,650 
;.ͤͤ mua ae ae 2 as Shirley Basin, Wyo- _ ------ 1,800 
Rio m CORD oom RR SL La (0) 71, MR OVES 700 
Sohio- νο osos oL S L Ceboll NM ³˙ð˙ aA aa a 1,660 
Union-Carbide Corp -------------------- Uravan, Colo 1.300 
Dg c vc ee ⁵ ⁵ 86 Gas Hi bas NO MOUSE κο 1,200 
United Nuclear-Homestake Partners Grants, N. Mex __ ---- 8,500 
United States Steel Corp ------------- NR kie West, TG ..— ------------------ (ὦ) 
U.S. Steel-Niagara Mohawk ————— μοι πο μμ.” (1) 
Western Nuclear, ina Jetfrem City; Wyo- eu ³ꝛ V eue cene 1,700 
Totale eee w LUE M ĩͤ K LE 81,160 


1Uranium obtained by solution mining. 


Includes only solution-mining operations producing dry, marketable, uranium concentrate. 


Source: Energy Research and Development Administration. 


The Anaconda Company planned a $20 
million expansion of its Blue Water ura- 
nium mill near Grants, N. Mex. The expan- 
sion, scheduled for completion in late 1977, 
would increase mill capacity from 3,000 to 
6,000 tons per day and was expected to 
allow the processing of lower grade ores 
without affecting uranium output. Additio- 
nal ore requirements were expected to come 
from the Jackpile-Pugate open pit mine at 
Laguna. 


Getty Oil Co. and Skelly Oil Co. planned 
to reopen the Petrotomics mill in the Shir- 
ley Basin, Wyo., in late 1977 or early 1978. 
The mill, which has a capacity of 1,500 tons 
per day, was undergoing reconditioning 
plus process improvements in anticipation 
of processing ore from Getty's UJV proper- 
ties in the Shirley Basin. Overburden remo- 
val from the UJV deposit began in early 
1976, and mining was scheduled to com- 
mence in 1977. 
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Cotter Corp. a subsidiary of Common- 
wealth Edison of Chicago, announced plans 
for a $23 million expansion of its uranium 
mill at Canon City, Colo.!* The expansion, 
which is designed to boost milling capacity 
from 450 tons per day to 1,000 tons per day, 
was expected to require the reopening of 
five mines on the Colorado Plateau, as well 
as increased ore production from the com- 
pany's Schwartzwalder mine. 

Uranium Hexafluoride (UF,).—Two com- 
mercial operations—the Allied Chemical 
Corp. plant at Metropolis, Ill., and the Kerr 
McGee Corp. (KMO) plant at Sequoyah, 
Okla.—produced UF, during 1976. The con- 
version capacities of the two plants were 
14,000 and 5,000 tons, respectively, of ura- 
nium as UF. KMC’s program to double 
conversion capacity by early 1978 was on 
schedule. According to ERDA, the available 
annual conversion capacity of 26,450 short 
tons of uranium after the KMC expansion 
will be sufficient until about 1979. 

Beker Industries Corp. delayed plans to 
build a plant at Carlsbad, N. Mex., for the 
conversion of uranium to UF... The company 
was, however, continuing feasibility studies 
on a plant expected to cost $100 million and 
have a capacity of 23,500 tons of UF. per 


year. 

Enriched Uranium.—ERDA reported 
enrichment revenues of $588 million in 1976 
for separative work furnished under enrich- 
ment contracts. A total of 9.6 million sep- 
arative work units (SWU) was carried out 
for 26 domestic and 17 foreign customers. 
At yearend ERDA held longterm enrich- 
ment services contracts covering 329,000 
electrical megawatts of nuclear power. Of 
the total, 208,000 megawatts represented 
domestic nuclear powerplants and 121,000 
megawatts represented foreign plants. 
Throughout 1976 the transacting tails assay 
continued at 0.20% U-235 and operating 
tails at 0.25% U-235. 

The ongoing ERDA Cascade Improve- 
ment Program (CIP) and Cascade Uprating 
Program (CUP) were expected to increase 
the annual SWU capacity of the Govern- 
ment's three enrichment plants from 17.2 
million to 27.7 million by 1981. These pro- 
grams, costing about $1.5 billion, were on 
schedule in 1976. The additional separative 
work gain installed in CIP at yearend was 
about 1.3 million SWU per year; by October 
1977, the gain was expected to total about 
2.5 million SWU. 
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ERDA obtained preliminary approval to 
build an additional gaseous diffusion 
enrichment plant at Portsmouth, Ohio. 
Plans called for initial production from this 
plant in 1984 with full production in 1986. 
The plant, which has an estimated cost of 
$4.4 billion, was expected to add 8.75 million 
SWU capacity to the present enrichment 
plant complex. The plant is anticipated to 
allow continued enrichment operations, to 
have nearly optimum nuclear fuel pro- 
duction economics, and to permit the offer- 
ing of new enrichment services contracts. 

A proposed bill, the Nuclear Fuel Assur- 
ance Act, which would allow private indus- 
try to enter the enrichment field, failed to 
obtain congressional approval in 1976. As a 
result, the plans of four private groups 
proposing construction of enrichment facili- 
ties were uncertain at yearend. The Good- 
year Tire & Rubber Co. dropped out of 
Uranium Enrichment Associates (UEA), 
the only company completely shelving its 
plans, and ARCO withdrew from CENTAR 
Associates. CENTAR, Exxon Nuclear Co., 
Inc. (ENO), and Garrett Nuclear Corp., each 
of which has proposals for 3-million-SWU- 
per-year gas centrifuge enrichment plants, 
have delayed their programs awaiting Gov- 
ernment action. 

In March, ENC and Avco Corp. applied 
for a license to operate a facility to test the 
enrichment of uranium by laser technology. 
A facility to be located at Richland, Wash., 
was scheduled for startup in 1978. Power 
consumption of a commercial laser enrich- 
ment plant was anticipated to be about 2096 
less than that of a gas centrifuge plant, and 
a laser plant was expected to require about 
half the acreage of a gas centrifuge plant. 

Fuel Fabrication.—Fuel fabrication or- 
ders continued to increase in 1976, despite 
deferrals and rescheduling of nuclear 
powerplants by electric utilities. ENC com- 
pleted the doubling of fuel fabrication facili- 
ties at its Richland, Wash., plant. Babcock 
& Wilcox Co. won a $21 million order for 
34,000 fuel pins to be used in the Fast Flux 
Test Facility being constructed at ERDA’s 
Hanford, Wash., complex. The fuel, which is 
in addition to 18,000 pins previously sup- 
plied, was to be fabricated at the company’s 
Parks Township, Pa., facility. 


Κη ο. Review. Cotler Awards Contract to 
I lari tates. V. 65, No. 52, Dec. 25, 1976, p. 20. 


1SMeasure of work expended i in separating a quantity of 
uranium (in kilograms) at a given assay into two 
fractions—- one enriched in Usss to a specific grade, and 
the other deficient in Uaas to a specific tailings grade. 
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Table 8.—Domestic nuclear fuels production facilities 


Company 


Exxon Nuclear Co., Inc 
General Atomic Co 


cGee Corp 
North American 1 Rockwell Corp., 
tomics 5 Div. 


Tennessee N clear Βρε 8 Inc 
Texas Instruments, Inc 
United Nuclear Corp 
United States Nuclear Corp 
ο ποσο Electric Corp 


Location 


In October, the Nuclear Regulatory Com- 
mission (NRC) reported its findings in the 
final environmental impact statement (EIS) 
on the use of recycled plutonium in light 
water reactors (LWR). The study indicated 
that the potential hazards to the public 
from the use of mixed-oxide fuel in LWRs 
was about the same as that from uranium 
alone.“ An NRC decision on whether to 
permit wide-scale use of mixed-oxide fuel 
was to be based on the final generic environ- 
mental statement on mixed-oxide fuel (GES- 
MO), expected in 1978. 

Fuel Reprocessing.—Commercial fuels 
reprocessing continued in abeyance await- 
ing resolution of political and regulatory 
problems related to safeguards of pluto- 
nium, mixed-oxide fuel usage, and waste 
disposal. Nuclear Fuel Services, Inc. (NSF) 
announced that its West Valley, N.Y., 
nuclear-fuels-reprocessing plant, the only 
reprocessing plant ever to operate commer- 
cially in the United States, would not be 
renovated and reopened because of rapidly 
increasing costs.'* NFS estimated that mod- 
ifications to the plant required by new 
regulations and seismic criteria would cost 
$600 million, contrasted with the $15 mil- 
lion originally estimated in 1972 when the 
plant suspended operations to double ca- 
pacity and improve efficiency. Disposition of 
about 600,000 gallons of radioactive reproc- 
essing waste at the plant remained undeter- 
mined. 

Allied General Nuclear Services Inc. 
(AGNS) completed the uranium separation 
and UF, facilities at its fuels-reprocessing 
plant at Barnwell, S.C., but was unable to 
proceed with design of the plutonium proc- 
essing and waste solidification facilities be- 
cause the standards had not been deter- 


mined. Because of anticipated continuing 
delays in licensing, early utilization of 
AGNS’s plant was expected to be related to 
implementation of an ERDA demonstration 
program for waste- and plutonium-proc- 
essing facilities. 

ENC planned a $1 billion complex at Oak 
Ridge, Tenn., for storing and reprocessing 
used nuclear fuel. The first phase of the 
project involved the building of a $300 
million fuel storage facility that could hold 
fuel from 25 nuclear powerplants for 10 
years; construction was proposed to begin in 
1979 if NRC approval is obtained. The 
second phase entailed construction of a fuel- 
reprocessing center in the 1980’s capable of 
reprocessing up to 2,100 tons of used fuel 
per year, enough to meet the needs of 40 
nuclear powerplants. 

A study by ERDA showed that recycling 
of LWR nuclear fuels has economic advan- 
tages over disposal of fuel elements after 
one use.“ Other advantages of recycle were 
increased uranium availability and natural 
resource conservation. 

Waste Management.—ERDA continued 
research on the terminal storage of high- 
level radioactive waste and was preparing a 
generic statement on the management of 
commercially generated radioactive waste. 
ERDA was expected to announce in 1978 a 
decision on waste forms, storage modes, and 
packaging criteria to be used as a basis for 
designing one or more terminal storage 


Nuclear News. NRC's Final EIS Supports Pu Recycle. 
V. 19, No. 13, October 1976, p. 33. 
I5Nuclear Industry. West Valley Plant Shut Down, 
σα to Renovate. V. 23, Νο. 10, October 1976, p. 


5 and Development Administration. 


Benefit Recycling Light 
Water Reactor Fu Fuel. wen 16 (1270. 1976 1976, p pp. 


URANIUM 


facilities. Also in 1978, the Environmental 
Protection Agency and NRC were expected 
to announce general environmental stand- 
ards applicable to high-level waste manage- 
ment and storage. As part of the manage- 
ment program, the United States was 
appraising salt deposits in several sections 
of the country to identify sites suitable for 
an ERDA underground storage pilot pro- 
gram, expected to be in operation by 1985. 
Facilities equipped to receive solidified 
high-level radioactive waste were to be 
included in the pilot underground waste 
disposal program. 

Low-level commercial wastes were buried 
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at six sites in the States of Kentucky, 
Nevada, South Carolina, Illinois, New York, 
and Washington in 1976. About 2 million 
cubic feet of waste was added to these sites 
in 1976, increasing the total to about 16 
million cubic feet. These sites were estima- 
ted to have the capacity to handle low-level 
wastes until the mid-1990's. ERDA operated 
large land burial sites at five principal 
facilities for ERDA-generated waste. These 
sites contained about 45 million cubic feet of 
radioactive waste, exclusive of classified 
waste. About 1.3 million cubic feet was 
added in 1976. 


CONSUMPTION AND USES 


Domestic nuclear reactor orders totaled 
three in 1976, the lowest megawatt amount 
ordered since reactor units became commer- 
cially available in 1965. The three orders 
(3,720 megawatts), all obtained by Babcock 
& Wilcox Co., were reorders of reactors that 
were canceled in 1975. 

The nuclear industry continued to en- 
counter many environmental and regulato- 
ry problems, as well as reduced electrical 
load growth. As a result, utilities continued 
to defer, delay, or cancel nuclear reactor 
programs. Projections of nuclear power 
growth were also reduced. The number of 
nuclear units expected to be in commercial 
operation in 1985 was 178, compared with a 
1975 estimate of 184. 

Seven power-generating units (6,796 me- 
gawatts electric) were licensed to operate, 
and 10 were expected to come onstream in 
1977. Domestic reactor status at yearend 
follows: 


Number of Capacity 
Status i - (megawatts 

lations electric) 
Oper able 165 46,391 
Under construction 90 95,195 
Plannd 82 94,878 
Total? ____ 237 236,464 

llncludes two ERDA-owned piants. 


is compares with 238 units and 236,728 megawatts 
electric at yearend 1975. 


About 10% of the total U.S. electrical 
power generation capability was nuclear 
based in 1976. Nuclear power supplied 191 
billion net kilowatt-hours or 9.4%, of the 
Nation's electricity in 1976, compared with 
170 billion kilowatt-hours or 8.9%, in 1975. 
According to an Atomic Industrial Forum 
survey, nuclear-generated electricity based 
on total generating costs averaged 1.5 cents 
per kilowatt-hour, compared with 1.8 cents 
per kilowatt-hour for coal and 3.5 cents per 
kilowatt-hour for oil. 
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An ERDA survey of uranium producers, 
utility companies, and reactor manufactur- 
ers indicated that uranium supply arrange- 
ments for planned U.S. nuclear fuel capaci- 
ty improved considerably in 1976.17 Domest- 
ic uranium-buying activity reached its high- 
est level, resulting in additional procure- 
ment of 83,400 tons of U,O, in concentrate. 
This total exceeded the previous high of 
45,800 tons in 1973 and was over 5 times 
higher than the 16,200 tons added in 1975. 


Table 9.— Current and projected domestic 


U;O, demand 
(Short tons) 
Demand 
Year : 

Annual Cumulative 
1916 me 10,700 10,700 
NOT uno 88 12,300 ,000 
1918 a AAA 19,800 800 
1979. mʒ 252522 24,400 67,200 
1980___--------— 28,600 95,800 
19888725 39, 900 
1990 — 45,100 499,300 

lFeed materials required for 5 services 
Enrichment tails assay 0.20% to Oct. 1, 1980, 0. 25% 


thereafter; no recycle. 


š Source: Energy Research and Development Administra- 
on. 
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Buyers were becoming directly involved in 
Ό.Οι production to obtain their fuel sup- 
plies. Twenty-five utilities were participa- 
ting in uranium raw materials activities in 
one stage or another. About half of addi- 
tional 1976 supply was scheduled to come 
from mine production controlled by ura- 
nium buyers. 


Table 10.—Current and projected 
domestic commercial uranium 


delivery commitments 
(Short tons of U. O.) 
Commitments? 
Year 
Annual Cumulative 
1966-75 72 — 80,000 
πμ ρω 13,800 ,800 
ITT se 15,900 109,700 
1978. 15 ie ss 17,900 127,600 
1979 AA 18,400 146,000 
1980. — ⁰ 20,400 166,400 
MOBY eh 19,000 185,400 
1In the post-1981 period, through 1995, an additional 

103,800 tons have been committed. In addition, 13,500 tons 
have been committed to foreign buyers, of which 7, ,400 tons 
were delivered prior to 1976. 

N Source: Energy Research and Development Administra- 

on. 


Table 11.—Uranium fuel supply arrangements for first cores and reloads! 
(Percent of generating capacity covered) 


Source of supply pi 

Primary produceer ss 46 

Reactor manufacturers |... s 15 

Imporig ⁵˙”wnm; ⅛¾ r ĩðé K m mee e 10 
Total uranium supply 

arrangements completed! 71 

Number of uranium supply arrangements 29 


1As of yearend 1976. Includes reactors under construction and ordered. 


3Refueling estimated on annual 
Source: Energy Research and Development Administration. 


STOCKS 


Uranium concentrate stocks held by the 
producers or by milling companies were 
reduced during 1976, whereas those held by 
the consuming industry increased by 3,200 
tons of U. O,, as indicated in the following 
data provided by ERDA (in tons of U,O.): 


l'Energy Research and Development Administration. 
Survey Of. United States Uranium Marketing Activity. 
ERDA 7-46, April 1976. 28 pp. 


Reloads* 
1 2 8 4 5 6 7 8 9 10 1 12 
48 42 39 84 31 26 23 20 18 17 13 12 
13 10 7 6 3 3 2 1 1 22 Le n- 
5 5 3 4 5 4 3 3 4 5 5 3 
66 57 49 44 39 33 28 24 23 22 18 15 
84 48 51 56 61 6 72 76 77 78 82 85 
Jan. 1, Dec. 81, 
1976 1976 
In ore at millss . 200 800 
at millss 400 600 
In concentrate at mills___ __ _ _ _ 2,100 2,500 
In concentrate held by 
utility companies, reactor 
manufacturers, and agents 
(including equivalent UsOs | 
In We) me 22,600 25,800 
Total -o s 25,900 29,200 
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A 3,500-ton inventory of foreign U, O. was 
also reported at yearend 1976, compared 
with 1,100 tons one year earlier. Overall, 
domestic stocks were an estimated 32,700 
tons of U, O., up 5,700 tons from 1975. 

The stockpile of depleted uranium contin- 
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ued to grow as a result of large-scale enrich- 
ment services provided for domestic and 
foreign customers. The ERDA 
Stockpile contained about 235,000 tons of 
uranium in the form of UF, at yearend 
1976. 


PRICES 


The price for spot sales and future deliv- 
eries of U;O, in concentrate continued to 
rise during 1976. The strong sellers' market 
that developed in 1974 continued to be 
reflected in newly negotiated 1976 con- 
tracts, many of which called for prepay- 
m^nts, price adjustments, or payments ba- 
sed on prices prevailing at the time of 
delivery. According to the Nuclear Ex- 
change Corp. (Nuexco), the spot bid price 
increased from $35 per pound of U;O, for 
delivery in January to $41 at yearend. 
During this period, the bid price for delivery 
in 1980 increased from $47.35 to $53.85.1:* 

An ERDA survey indicated significantly 
lower average U.O, prices paid by reactor 
manufacturer and utility companies having 
long-term contracts. According to the sur- 
vey, contract prices representing 9196 of 
commitments ranged from $6 to $43 per 
pound of U;O,, averaging $16.10. In 1975 the 


average price per pound of U. O, was $10.50. 
An average price of $18 per pound of U,O, 
was indicated by the survey in 1980. 

Uranium ore was purchased at the GE 
ore-buying station at Naturita, Colo., for 
9596 of one-half the listed spot price per 
pound of contained U. O.. A minimum of 2 
pounds of U;O, per ton of ore was required 
for purchase. 

The costs for enrichment services contin- 
ued to rise because of increasing operating 
expenses at ERDA's three enrichment faci- 
lities. In April, fixed-commitment contract 
holders were paying $59.05 per SWU, an 
increase of $5.70. Customers with require- 
ments-type contracts began paying $67.25 
per SWU in August. The previous price was 
$60.95 per SWU. 

Depleted uranium metal in 300-pound 
ingots (Derby metal) was priced at $2 per 
pound. 


FOREIGN TRADE 


Uranium imports were largely in the 
form of U;O, concentrate and UF's. Most 
imports were for enrichment services rath- 
er than for domestic consumption. Since 
imports are not differentiated in official 
statistics, precise figures on uranium im- 
ports for domestic consumption are not 
available. According to data compiled by 
ERDA, uranium imports amounted to 2,900 
tons of UsOs in 1976, 1,800 tons more than 
in 1975. In 1976, an additional 1,800 tons of 
foreign UO, was contracted for by the 


domestic industry bringing the total foreign 
procurement for future delivery to 43,200 
tons. 

Restrictions on the enrichment of foreign 
uranium for domestic use continued to year- 
end 1976. Beginning in 1977, the enrich- 
ment of up to 10% of a utility's uranium 
requirements could come from foreign 
sources. The allowable percentage was to be 


18Nuclear Exchange Corp. Nuexco Monthly Report to 
the Nuclear Industry. No. 101, Dec. 31, 1976, p. 3. 
19Page 6 of work cited in footnote 17. 


Table 12.—U.S. uranium import and export commitments 


(Short tons of U. O.) 
Y Exports Imports 
UM Annual Cumulative Annual Cumulative 
19076 ιν ος μυ ποσο LE 600 600 2,900 2,900 
öĩõĩ]ĩi] a Ro 8 2,100 2,100 4,000 6,900 
DE — νο επ alc LLL Ten sm ae E 900 3,600 2,600 9,500 
/ roma LU e AE s 900 4,500 3,300 12,800 
J,, ³ 11, 600 6,100 4,200 17,000 
198185 d = 6,100 19,800 36,800 
1986.90. — ³ðVͤAd ĩð v ĩ a PEN 6,100 9,300 46,100 
11980 and later. 


Source: Energy Research and Development Administration. 
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Table 13.—F oreign trade in uranium, uranium-bearing materials, and other 
nuclear materials, by principal country 


Product ENDE CONDERE 0 cH Principal sources and 
Quantity Value Quantity Value destinations, 1976 
EXPORTS 
Uranium: 
Ores and concentratos, 
UsOs content 
pounds 122,663 $1,839,953 1,495,130 324, 431,938 United Ki m 1,013,403; 
t 812,121; Italy 
Compounds do- 3,837,266 52,089,852 869,036 71,232,889 ` United Kingdom 308,038; 
West Germany 43,582; 
Netherlands 13,659; 
2,104 
Metal including 
alloy do... 14,840 203,415 7,108 145,758 Italy 2,355; Japan 1,686; 
Canada 1,661. 
Isotopes (stable) and their 
compounds NA 2,679,083 NA 2,102,844 West Germany $370, 9835 
ο ο... 3307,89 
Canada 6247, 07 
Switzerland $190. 794; 
ium-Luxembourg 
11 754. 
Radioactive materials: 
Radioisotopes, elements, 
and compoun 
thousand curies |... 37,850,886 20,087,647 31,649,488 25,905,896 West Germany 8,800,531; 
Canada 8,7 ; Japan 
4,997,834; Switzerland 
785: Australia 
1,309,505; Brazil 
1262461; Mexico 859,033; 
nited om 786; 
περα 366,469. 
Special nuclear materials? _ _ NA 236, 848, 895 NA 4426, 423,004 kic Germany $104,811,268; 
abouts 
$ bois Netherlands 
$3,927,950; Canada 
2529.88 469 India 
IMPORTS 
Uranium: 
Oxide (UsOs) 
pounds 2,451,538 24,480,662 11,074,298 203,926,307 Canada 7,201,046; France 
8, Yi Ai United Kingdom 
Other compounds. do- 19,226,578 161,507,129 33,876,908 441,608,275 France 15,034,192; Canada 
9,521, 788; United Kingdom 
9, 106, 467. 
Isotopes (stable) and their 
compounds NA 957,175 NA 1,067,344 Canada $517,806; U. S. S. R. 
$288,071; United Kingdom 
$121, 912 West Germany 
Radioactive materials: 
Radioisotopes, elements, 
and compounds‘ 
ousand curies ___ 35,346,036 8,296,907 60,302,966 12,200,050 ger Lt ,430, 198, Switzer- 
feries een 
Deeper] 408,161; U.SS. R. 
NA Not available. 
Includes thorium. 
includes carbon-14 and cobalt-60. 


includes plutonium, uranium- 233, and enriched uranium. 
Includes cobalt-60. 
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increased each year until 1984, when 10090 
of a utility s uranium requirements could 
come from imported material Commit- 
ments by domestic uranium producers to 
sell uranium to foreign buyers increased by 
2,600 tons of UO, during 19776, raising the 
total forward commitment to 5,500 tons. 
ERDA reported that 600 tons of U, O. was 
delivered to foreign buyers in 1976. 

The worldwide spread of nuclear technol- 
ogy, relative to the prevention of prolifer- 
ation of nuclear weapons, gained increasing 
attention in 1976. Bills were introduced in 
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U.S.-enriched uranium and technology and 
would restrict other countries. 

In October, the President called for a 3- 
year international moratorium on exports 
of reprocessing and enrichment facilities to 
prevent nuclear proliferation. There were 
objections by Western European countries, 
Japan, and many developing countries, pri- 
marily because they lack suitable energy 
alternatives and view nuclear power and 
the breeder reactor as their future sources 
of energy. Legislative action on the prolifer- 


Congress that would limit or halt exports of ation policy was expected in 1977. 
WORLD REVIEW 
— dr deri ''' to ex- Table 14.—World uranium resources! 
pana on a worldwide e. any coun- (Thousand tons of U, O.) 
tries had some form of exploration program 
underway or planned in 1976. Few major m Rire i 
deposits were discovered; however, uranium id assured? additional 
reserves increased significantly. Estimated | 
world uranium reserves to $30 per pound of ο. _ 680 1.090 
U,O, were about 2.4 million tons of U. O. ada ETE ae 510 
An additional = = tons of U3O, of Denmark (Greenland) — 8 13 
resources was indicated. 
Forecasts for nuclear power growth out- . - —— 
side the United States continued to decline, xA i ο τα... 
mainly because of 2 years of poor economic I 359 96 
growth and diminishing growth rates for Niger ------------ x 39 
electricity consumption. Public opposition Gabon F 26 13 
was also rising. Projections by ERDA indi- Central African Empire 10 D 
cated that the world’s nuclear generating 
capacity was expected to grow from the Ro — 160 
1976 level of about 86 gigawatts to over Europe: 
1,500 gigawatts by the year 2000. 2000.2 n ruxpb πο ο. 2 τρ 
Foreign growth was expected to occur large- Spein „55 30 56 
ly in Western Europe and Japan to the year Pc: o rer j e 
2000; significant growth in the developing inland --—-------- 3 ΝΣ 
countries was anticipated after 1990. At edi T 2; : 
yearend, the European Economic Communi- United Kingdom 2 5 
ty (EEC) Commission projected that install- Totall . 518 139 
ed nuclear capacity by 1985 in EEC count- Australia ------------ 100 
ries would be about 125 gigawatts, about 50 Asia: 
pe less than projected 2 years ear- Japan «τ = s pus i b 
° orea, Republic of Ga 
Despite lower forecasts, nuclear power key ----------- 4 1 
continued to be the fastest growing electri- Total 55 31 
cal energy form, and worldwide, operable 
capacity increased from 75, 103 megawatts 3 N 51 
in 1975 to 86,657 megawatts in 1976. Brazil - 18 11 
According to yearend data compiled by Total 45 62 
the American Nuclear Society, 111 plants Total (rounded) —_ — — - 2400 2:100 
30Hanrahan, E. J., R. H. Williamson, and R. W. Bown. 1Excludes central economy countries. 
World Requirements and Supply of Uranium. Pres. at the 2At $30 per pound of UsOs. 
Atomic Industrial Forum International Conference on 
Uranium, Geneva, Switzerland, Sept. 14, 1976, 21 pp. Sources: ERDA, International Atomic Energy Agency, 
Available from Energy Research and Development Ad- and ization for Economic Co-operation and Develop- 


ministration, Washington, D.C. 


ment Nuclear Energy Agency. 
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outside the United States were operable in 
18 countries and 187 nuclear units were 
planned in 30 countries. This compares with 
104 plants operable in 18 countries and 168 
units planned in 29 countries at the end of 
1975. Most of the planned units were sched- 
uled for completion by 1985. Tables 15 and 
16 indicate the foreign nations having oper- 


Table 15.—Operable foreign nuclear 


powerplants in 1976 
Number Net capacity 
Country of (megawatts 
units electric) 
ntina Rem 1 319 
Belgium ------------ 3 1.650 
ulgaria __ _ 
Canada 6 2,512 
Crechoslovak ia 1 110 
κ οκ ερ ree m ss 10 2818 
Germany, Eat 8 950 
Germany, Wes“˙tet 9 5,334 
India ...........--- 3 602 
IT ee 8 547 
T0 18 7,174 
Netherlands 2 532 
5 ΞΕ 3 1073 
. 5 8.169 
United Kingdom σσ 31 6.830 
ni om ___ : 
U.S.S.R Mk. 12 4, 635 
Total 111 40,266 


Source: American Nuclear Society. 


Table 16.—Scheduled foreign nuclear 


powerplants! 
Number Capacity 
Country of (megawatts 

units electric) 
Argentina 1 600 
Austria ............----------- 1 692 
Belgium ............--.-------- 4 8,835 
p 6! M ο τὰς > n 
Canada 14 9,324 
Czechoslovakia ............-- 4 1,760 
Finland __ _ .....--- 4 2,160 
France ......... ..-------.-.-. 34 92,658 
Germany, Eat 4 1,760 
Germany, Wet j 19997 

Hungary __ ; 
India __ 5 1,082 
E?%»ð³ 8 4 4,200 
Italy τς 6 4,148 
Koren, Republic of τς E 11798 

Orea, republic οι .....--- , 
„5 1 1,300 
Mexickooo -- -- -- 2 1,908 
Philippines 2 1.252 
Poland _ _ 1 440 
Romania 1 440 
South Africa, Republic of 2 ,844 
Spain __ ---2-- 18 12,081 
Sweden ......-. -.---. -.-. -- -- -.-. 7 6,240 
Switzerland ........-.-- ------- 5 4,840 
rk: —— EE - 

ni m ------- 1 
USSR ae 13 9,730 
Y CCC 1 615 
Total 187 149,860 


lUnder construction or ordered as of Dec. 31, 1976. 
Source: American Nuclear Society. 
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able or planned nuclear powerplants at the 
end of 1976. 

Western Europe and Japan continued to 
rely on enrichment services from the Unit- 
ed States, but the Europeans planned to 
become self-sufficient in enrichment in the 
mid-1980’s. Urenco Ltd., a tripartite organ- 
ization of the Netherlands, the United 
Kingdom, and West Germany, was commis- 
sioning commercial gas-centrifuge enrich- 
ment plants at Almelo, Netherlands, and at 
Capenhurst, United Kingdom. The first 
sections of both full-scale production plants, 
having capacities of 200,000 SWU, were 
completed in late 1976. Plans called for 
Urenco capacity to reach 2 million SWU 
annually by 1982 and 10 million SWU 
annually by 1985. Deliveries of enriched 
uranium reportedly were made from Uren- 
co’s two 50,000-SWU-per-year-capacity pilot 
enrichment plants. Eurodif, a five-nation 
consortium comprising France, Belgium, Ir- 
an, Italy, and Spain, continued construction 
of a gaseous diffusion enrichment plant at 
Tricastin, France. The plant was expected 
to have a 2.3-million-SWU capacity by 1979, 
increasing to 10.8 million SWU per year by 
1982. Another group, Coredif, a joint ven- 
ture of the Eurodif partners, was planning 
to construct a similar-sized, diffusion- 
enrichment facility, to meet projected short- 
falls in enrichment capacity in the mid- 
1980's.3 Although the site for the Coredif 
plant was undecided, the first stage, having 
a 5-million-SWU-per-year capacity, was an- 
ticipated to be onstream in 1985 with full 
production in 1988. 

Other countries were also building or 
planning to build enrichment pilot plants. 
Japan’s Power Reactor and Nuclear Fuel 
Development Corp. (PRF) was proceeding 
with the construction and operation of a 
50,000-SWU-capacity pilot centrifuge 
enrichment plant. PRF proposed building a 
500,000-SWU demonstration plant by 1984, 
followed by a 1-million-SWU-capacity com- 
mercial plant by 1988, and increasing over- 
all capacity to 4 million SWU by 1995. The 
Uranium Enrichment Corp. (UCOB) of the 
Republic of South Africa completed its pilot 
plant at Valindaba and tested the feasibility 
of its stationary-wall centrifuge technique. 
UCOR planned to proceed with a commer- 
cial-scale plant, estimated to have a 


21Nuclear News. Nuclear News Briefs. V. 19, No. 13, 
October 1976, p. 97. 
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o-million-SWU annual capacity. Initial pro- 
duction was planned for 1984, followed by 
full output in 1986. West Germany's plans 
to build a 180,000-SWU-per-year demonstra- 
tion enrichment plant in Brazil using an 
advanced nozzle-enrichment method were 
delayed awaiting clarification of the West 
German Government's proliferation policy. 
Α large-scale commercial plant with a ca- 
pacity of 1 to 2 million SWU per year was 
envisioned if the program is carried out. 
Progress continued toward solving prob- 
lems in the back end of the fuel cycle. 
Research programs dealing with spent fuel 
Storage, reprocessing, and waste manage- 
ment continued in those countries having 
large nuclear programs. British Nuclear 
Fuels Ltd. (BNFL) planned to spend $1.8 
billion over the next 5 years at the Wind- 
scale site to provide greatly increased repro- 
cessing and waste treatment capacity. Α 
1,300-ton thermal oxide reprocessing plant 
was proposed, based mainly on the need to 
reprocess fuel from the United Kingdom’s 
Magnox program and on fuel-reproc- 


50 


40 


30 


Thousand short tons, U53O0g 
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essing contracts from Japanese utilities. 

La Compagnie General des Matieres Nu- 
cleaires (Cogema), the French Government 
fuels-reprocessing company, also planned to 
greatly increase reprocessing capacity. 
Cogema began oxide reprocessing in May at 
its plant at La Hague. The facility, which 
will primarily be devoted to the processing 
of imported fuels, was scheduled to have a 
capacity of 800 tons per year by 1980. A 
consortium of Japanese companies was 
planning to establish a fuels-reprocessing 
company to process all nuclear fuels used by 
utilities in Japan. Plans called for the 
establishment of a 1,500-ton-per-year facil- 
ity by 1987. Most Japanese fuels were sched- 
uled to be reprocessed by BNFL and Coge- 
ma in Europe prior to full development of 
the reprocessing industry in Japan. A small 
(40-ton-per-year) reprocessing plant owned 
by the Power Reactor and Nuclear Fuel 
Development Corp. (PNC) at Tokai Muri 
had difficulties in 1976 and was not ex- 
pected to be commissioned until late 1977. 


World total (non-communist) 


1970 1975 1980 


Figure 1.—World production of uranium concentrate (U, O.). 
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Table 17.—Uranium oxide (U, O,) concentrates: World production, by country 
(Short tons) 

Country! 1974 1975 1976P 
All!. eee eee eee 142 43 44 
n, ß e e LUE im ic 465 

n ĩð2ͥ ο τν ιο τπτ ολλ HUE 4,195 6,083 6,678 
C / a 8 2,002 2,250 2,357 
Cabo scape ee ee ß eee 1,001 1,209 1,196 
ιν a ee eee ĩ ĩ r] 456 1 4820 1.898 
Portugal ͥ/ů(öö(Cͥ ⁵ ↄ˙’[¹Ü˙ꝛl2bÜ¹.t”h.rr. ee sa 100 110 97 
South Africa, Republic οἵ... ------------------------------------------ 8,525 8,234 8,587 
South-West Africa, Territory of ..........--------------------.-.-- -.-. -.-. Ese E 772 
H/ hh ⁰ Aa ss saa C rr r87 248 226 
Sweden" cocto ]ð i eui Ee ee LU kia m su απο 80 80 
fh l Lu d E L 2 22 11,528 11,600 12,700 

"oll n ο ποτ ελα κος ώρα 724.616 26,611 30,100 


*Estimate. Preliminary. ‘Revised. 

‘In addition to the countries listed Brazil, 
Israel, Japan, the ο. Re 
information is inadequate 


East Germany, West Germany, H 


s chon ovaria, Finland, ungary, India, 
lic of China, and the U.S.S.R. are believed to have produced uranium oxide, but 


reliable estimates of output levels. 


*Data represent arpa Official production was reported as follows in short tons: 1975—"4,565; 1976—6,252. 


Argentina.—A 600-ton-per-year uranium 
mine-mill complex was planned at Comision 
Nacional de Energia Atomica's (CNEA) ura- 
nium deposit at Sierra Pintala in Mendoza 
Province, 500 miles west of Buenos Aires. 
CNEA projected that this operation, ex- 
pected to start in mid-1979, could supply the 
country's uranium needs for 15 years. 

A new mill at Los Adobes in Cherbut 
Province started up in June and was ex- 
pected to produce about 6 tons of yellowcake 
per month beginning in 1977. CNEA was 
expecting the country's uranium output to 
exceed 130 tons in 1977 as a result of the 
new operation; 1976 output was about 44 
tons. 

Australia.—Uranium exploration, after 
several years of intense effort, was at re- 
duced levels in 1976, as companies waited 
for clarification of Government policy on 
production and exports. The first Fox Com- 
mission report endorsed uranium mining 
and milling; however, development of ura- 
nium deposits in the Northern Territories 
was not to be allowed until a second Fox 
report on the Ranger deposit was issued. An 
interim report released in October indicated 
that development might be limited in 1977. 

In November the Government granted 
export permits for earlier uranium sales 
contracts for Mary Kathleen Uranium Ltd. 
(MKU), Queensland Mines Ltd. (QM), and 
the Ranger deposit of Electrolytic Zinc Co. 
of Australasia Ltd. and Peko-Wallsend 
Mines Ltd. Because production from QM or 
Ranger was not expected for a few years, 
deliveries from government stocks were to 
be permitted to meet early delivery 
commitments. 


The Government was dropping out of 
active uranium exploration and selling its 
participation in uranium mining ventures. 
Government policy requiring 7596 Austral- 
ian ownership in uranium projects before 
production begins, however, was continued. 

In June, the South Australian Govern- 
ment announced that a 2-year feasibility 
study of a proposed $1.6 billion uranium 
gas-centrifuge enrichment plant would be 
carried out. The proposed plant, which 
would include a hexafluoride conversion 
facility, was to be sited at Redcliffe near 
Port Augusta. 

Australia’s reasonably assurod uranium 
resources recoverable at less than $15 per 
pound of U;O, in June totaled 250,000 tons, 
an increase of almost 48,000 tons over the 
$10 reserves estimated 1 year earlier.** The 
addition was due primarily to a substantial 
increase in the reserves at the Jabiluka 2 
deposit in the Northern Territory. 

MKU resumed operations in May at the 
Mary Kathleen mine in Queensland pro- 
ducing at a rate of about 1,000-tons of U, O. 
per year. Reserves at the mine were suffi- 
cient for about 8 years’ operation. Ship- 
ments of concentrate, all for export, were 
delayed for much of the year owing to 
strikes by the transportation unions. 

Western Mining Corp. Ltd. planned to 
build a $15 million alkali-leach pilot plant 
as part of the development of the Yeelirrie 
uranium deposit in Western Australia. 
Commercial development was, however, de- 
pendent on Government approval of export 
contracts. 


Commission. Twenty- 


13 Australian 
Fourth Annual Report. rt. 1915.76. 135 po pp. 
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Brazil.—Empresas Nucleares Brazileiras 
S.A. (Nuclebras), a Government agency, 
spent about $20 million on uranium explor- 
ation in 1976. Extensive uranium reserves 
were reportedly found in Goías State near 
Amarinopolis, 300 miles southeast of 
Brasilia. A new company, Nuclebras Auxi- 
liar de Mineração (Nuclam), owned 51% by 
Nuclebras and 49% by West Germany's 
Urangesellschaft MbH, began uranium ex- 
ploration programs in the States of Paraíba 
and Santa Catarina. This company was the 
first of a group of nuclear ventures to be 
established under a nuclear cooperation 
agreement signed in July 1975. 

According to Nuclebras, Brazilian ura- 
nium reserves totaled about 29,000 tons of 
U,;O,. The principal deposits and estimated 
tonnage follow: 


; Tons of 
Deposit UsOs 

Pocos de Caldas (Minas Gerais) _ 15,300 
Figueira Parana) 5,300 
Quar iharra. πα... (Minas Gerais) ...... 4,500 
Cantos Balas (Ge i é 3, 300 
los (Goa) „ 600 

Total c Soci 29,000 


Nuclebras planned a $30 million mine- 
mill facility at Pocos de Caldas. Production 
was scheduled to start in 1979 at a rate of 
500 tons of U- O. per year. 

Canada.—Uranium production, 6,252 
tons of U. O. in 1976, was 37% higher than 
in 1975. One new mine was brought into 
production and established producers were 
well advanced with expansion programs.“ 

Exploration activity continued to in- 
crease, and significant mineralization was 
found in several areas, most notably at Key 
Lake in Saskatchewan. 

The Canadian Government continued its 
Uranium Reconnaissance Program, which 
is similar to ERDA's NURE program but 
smaller in scope. During 1976, the program 
covered approximately 214,000 square miles 
including 174,000 by airborne gamma 
spectrometry and 85,000 by regional geo- 
chemistry. 

In late December, the Dominion Govern- 
ment announced that exports of uranium 
and Canadian nuclear reactors will be al- 
lowed only to countries that ratify the Non- 
Proliferation Treaty or otherwise accept 
international safeguards for their nuclear 
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programs. The new policy became effective 
on January 1, 1977. 

Canada's national uranium policy, en- 
acted late in 19714, requires at least a 30- 
year reserve for nuclear fuel for existing, 
committed, and planned reactors in any 10- 
year forward period. Allocations amounting 
to 21% of each producer's reserves have 
been applied to provide for the 30-year 
fueling requirements of about 90,000 tons of 
U. O, for the 16,240 megawatts of nuclear 
capacity expected to be operating in Canada 
by 1987. As of June 1976, uranium produ- 
cers had export commitments of about 
110,000 tons of U- O, and domestic commit- 
ments of 33,000 tons of U;O,. Production 
was expected to increase significantly in the 
next 10 years to meet contract commit- 
ments and anticipated demand for us 
nium. Uranium output was e 
reach 10,300 tons of U, O, in 1980 and 16, 200 
tons in 1984.25 

Government estimates of Canada's recov- 
erable uranium resources in short tons 
follow: 


š Meas- Indi- In- 
Minable ured cated ferred 
Up to $40 per 
pound of UsOs _ 103,000 115,000 809,000 
Up to $60 per 
pound of UsOs _ 5,000 14,000 90,000 
Total _ 108,000 129,000 399,000 


Uranium production in 1976 came from 
five operations—Denison Mines Ltd., Rio 
Algom Ltd., and Madawaska Mines Ltd., in 
Ontario, and Eldorado Nuclear Ltd. (ENL) 
and Gulf Minerals Canada Ltd./Uranerz 
Canada Ltd. in northern Saskatchewan. 
Shipments from these operations totaled 
6,678 tons of U. O,, an increase of 595 tons 
over those of 1975. 

Denison Mines Ltd. reported increased 
uranium output for the third successive 
year, reaching 1,556 tons of U. O., about 7% 
higher than in 1975. Mill throughput was 
up 13.6% to about 1.7 million tons, but ore 
grade decreased from 2.30 pounds of U;O, 
per ton to 2.16 pounds. The mill expansion 
to 7,100 tons of ore per day was completed 


33American Metal Market. Brazilian Geo ο. 
ver Extensive Uranium Reserves. V. 83, No. 146, July 20, 


1916, p. 8. 
el. R. M. Uranium. Can. Min. J., v. 96, No.2 


sources. di Assessment y 
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in early 1976, and the company was increas- 
ing ore output to run the mill at capacity. 
Ore-handling capacity was to be increased, 
and the No. 1 shaft was being rehabilitated 
for use as a production shaft. 

In October, Rio Algom announced plans 
to reactivate the Panel mine and mill which 
are east of the company's Quirke mine. 
The project, expected to cost about $100 
million, was to be completed in 1980. Initial 
mill capacity was planned at 3,000 tons per 
day. Rio Algom was also well along with its 
$76 million expansion of the Quirke com- 
plex. The expansion of mill capacity from 
4,500 tons per day to 7,000 tons per day was 
expected to be completed in 19778. 

ENL continued a 5-year, $44 million pro- 
gram to increase uranium production at the 
Beaverlodge mine and mill in Saskatche- 
wan. Plans called for increasing output to 
1.5 million pounds of U, O, by yearend 1977 
and to 2 million pounds of U. O, by 1979. 
Production in 1976 was 1,187,846 pounds of 
U. O. 

The Gulf / Uranerz uranium operation, 
which began production at Rabbit Lake, 
Saskatchewan, in late 1975, reached full 
capacity in the third quarter of 1976. The 
company, which has a mill designed to 
process 1,800 tons of ore per day, anticipa- 
ted an annual production of about 2,200 
tons of U. O. 

Madawaska Mines Ltd., a joint venture of 
Federal Resources Ltd. (51%) and Consoli- 
dated Canadian Faraday Ltd. (4996), reopen- 
ed the Faraday mine and mill and began ore 
production at a daily rate of 750 tons in 
August." Full capacity, 1,500 tons of ore 
daily, was expected in early 1977. Amok 
Ltd., owned entirely by French interests 
(Compagnie de Mokta, Cie. Française des 
Minerais d'Uranium, Péchiney  Ugine 
Kuhlmann, and Commissariat à l'Energie 
Atomique), planned to bring its Cluff Lake 
deposit in northern Saskatchewan into pro- 


duction in 1977. A two-phase operation was 


envisioned, at a total cost of $183 million. 
The first phase involved the mining and 
milling of high-grade ore from the D-ore 
body at a rate of about 80 tons per day in 
1979, followed by a second-phase mill with a 
milling rate of 1,200 to 1,500 tons per day in 
1981 or 1982 for an annual output of 1,700 
tons of U. O.. Amok's development program 
could be significantly delayed, however, 
owing to a yearend announcement by the 
Saskatchewan Government that it planned 
to hold hearings relative to the Cluff Lake 
operation. Agnew Lake Mines Ltd. (ALM) 
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completed a $3 million program, begun in 
1974, to test large-scale leaching of uranium 
from broken ore both on surface and under- 
ground. In March, ALM announced a $37 
million project designed to produce 1 mil- 
lion pounds of U;O, per year. The mine, 
near Espanola, Ontario, was dewatered, and 
underground development was in progress. 

France.— COGEMA, a new group formed 
by the Commissariat à l'Energie Atomique, 
was the major uranium producer with a 
mine output from three operations of 2,258 
tons of U, O, in 1976, or almost 84% of total 
production. Production from France's eight 
active uranium mines, in tons in 1976 fol- 
lows: 


: UO. 
Mine production content 

Limousin ............... . . . 377,000 
Vendée _____________ 000 697 
Forez 2.52 oo ie a 139,000 598 
Lozere _____________ 151,000 211 
Creuse ess 16,000 65 
Morbihan _________~_~- 8,000 47 
rréze __ _ 8,000 85 
Cantal/Creuse es 36,000 84 
Totaal 1,119,000 2.700 


Uranium concentrate output was 3, 144 
tons of U. O,, of which 788 tons was derived 
from preconcentrated material imported 
from Gabon.” 

Italy.—AGIP Mineraria planned to de- 
velop uranium deposits near Novazza in 
Bergamo Province. Mining operations were 
expected to begin in 1979 and to continue 
for about 10 years.“ Mineralization occurs 
in small separate deposits, the largest of 
which contains about 1,650 tons of U. O.. 

Mexico.— The Institute Nacional de Ener- 
gia Nuclear (INEN) increased its efforts to 
provide the uranium necessary to sustain 
Mexico's nuclear power program, projected 
to be 15,000 megawatts electric by 1990. The 
program was estimated to require 250 mil- 
lion pounds of U. O.. Exploration activity 
was centered in the States of Chihuahua 
and Tamaulipas, where significant deposits 
have been found. The major deposits were 
Las Margaritas, with reserves of 9 million 
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pounds of U, O, and Nopal with reserves of 2 
million pounds of U, O., in Chihuahua State, 
and LaComa and Buenavista with reserves 
of about 6 million pounds of U. O. in Tamau- 
lipas State. 

Niger.—The Arlit mine of Société des 
Mines de L’ Air (SOMAIR), an international 
consortium composed of Niger, French, Ital- 
ian, and West German interests, was the 
only uranium producer in 1976. Production 
was 1,898 tons of U, O, in 1976, compared 
with 1,820 tons in 1975. Another interna- 
tional consortium (Niger, French, Japanese, 
and Spanish) the Compagnie Miniere 
d'Akouta, was developing the Akouta ura- 
nium mine 5 miles south of the Arlit mine. 
The Akouta mining complex, which will 
cost $200 million, was expected to begin 
production in 1978 and reach an output 
level of 2,200 tons of U;O, annually by 1980. 

At Imouraren, a joint venture composed 
of Niger's Uraniger (80%), Continental Oil 
Co. (85%), and the French Commissariat à 
l'Energie Atomique (85%) expected to com- 
plete the drilling of 500 exploratory holes by 
mid-1977. Results have been favorable, and 
production might be possible by 1981. 

Major exploration for uranium was car- 
ried out by several foreign companies in 
1976. Most efforts were centered in 10 
concession areas largely in the north- 
central and northeast parts of Niger. 

South Africa, Republic of.—In 1976, ura- 
nium output, as a byproduct and coproduct 
from eight gold mines and one copper mine, 
totaled 3,587 tons of U, O., an increase of 353 
tons over that of 1975. The uranium content 
in gold ore processed continued to decline, 
decreasing from 0.454 pound of U;O, per 
metric ton in 1974 to 0.417 pound in 1975 
and to 0.397 pound in 1976. Production by 
gold mines in 1976 follows: 


š Pounds of 
Mine UsOs 

Blyvooruitzicht |... 2. -------- 288,996 
Buffelsfontein ........----.---.-.-.-.-.-.. -.. 1,337,994 
OV oc IE ts 1,096,344 
Hartebeestfonti nnn 768, 734 
Vaal Reeft _ - --.-------.----- 2, 233, 658 
West Driefontein nnn 500,945 
Western Deep Levels 308,702 
West Rand Consolidated _______ ~~~ 825,189 
Total uua 6,860,562 


Palabora Mining Co. reported a 1976 
production of 315,926 pounds of U;O, in 
calcine, an increase of about 40,000 pounds 
over 1975. 
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Government estimates indicated that ex- 
pected uranium oxide output for South 
Africa and South-West Africa would be 
about 10,000 tons by 1978. The Anglo Amer- 
ican Corp. of South Africa Ltd. opened its 
large-scale coproduct complex at its Presi- 
dent Brand mine in the Orange Free State 
in August. The complex and beneficiation 
plants are designed to process tailings slime 
from seven area mines—President Brand, 
President Steyn, Free State Geduld, Welk- 
om, Western Holdings, Free State Saay- 
plaas, and Freddies. Principal products ex- 
pected to be produced were pyrite for sulfu- 
ric acid production, gold, and uranium. 
When fully operational, annual uranium 
oxide output was projected to be about 1.3 
million pounds. 

East Rand Gold and Uranium Co. Ltd. 
planned to extract uranium, gold, and py- 
rite from 19 slimes dams containing about 
415 million tons of slime at an overall grade 
of 0.015 troy ounce of gold, 1.16 pounds of 
uranium, and about 21 pounds of sulfur per 
ton of slime. Commissioning of the various 
plants was planned for late 1977 with pro- 
duction starting in early 1978. Annual pro- 
duction, after a few months' buildup period, 
was expected to be 7.7 tons of gold, 220 tons 
of uranium, and 580,000 tons of sulfuric 
acid. 

Vaal Reefs Exploration and Mining Co., 
Ltd., and Randfontein Gold Mines, Ltd., 
were both expanding their uranium plants. 
West Rand Consolidated, Ltd., a nonproduc- 
er of uranium in 1975, owing to moderniz- 
ation and expansion of its uranium plant, 
resumed uranium production in 1976. The 
upgraded plant has an annual capacity of 
about 1 million pounds of U;O,. 

South-West Africa, Territory of.—In 
October, Rossing Uranium Ltd. announced 
that full production would be delayed 18 
months to 1978 owing to the need for ore- 
processing equipment replacement and me- 
chanical changes to rectify construction 
faults. Estimated uranium output in 1976 
was 770 tons of U3O,. Production was ex- 
pected to reach half the ultimate production 
level, 5,000 tons U;O, annually, by mid- 
1977. 

General Mining and Finance Corp. Ltd. 
reported the finding of a large calcrete-type 
uranium deposit at Langchenrich in the 
Swakopmund district. Metallurgical prob- 
lems were delaying development of the 
deposits. 

Sweden.—Luossavaara-Kiirunavaara Ak- 
tiebolag planned to develop a small ura- 
nium mine at Pleutajokk in Lappland to 
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supplement production from the Ranstad 
mine in southern Sweden. Plans called for 
the mining of 200 tons of ore per day 
beginning in 1980. The Pleutajokk deposit 
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was estimated to have 2,200 tons of U,O, 
reserves. Planned expansion of the Ranstad 
mine was postponed because of environmen- 
tal problems. 


TECHNOLOGY 


ERDA continued to enlarge its NURE 
program, stepping up both airborne ra- 
diometric and geochemical surveys and 
developing new technologies to improve ur- 
anium exploration mining and extraction.*! 
Many reports and maps resulting from the 
program were published in 1976.** In June, 
ERDA issued the preliminary NURE 
report. 

The U.S. Geological Survey and ERDA 
continued development of automated delay- 
ed neutron activation analysis and design, 
and tested a downhole californium-252 
neutron-generating probe capable of de- 
tecting uranium concentrations as low as 
0.01%. In the United Kingdom, a towed 
seabed spectrometer, used for continuous 
seabed surveys, was developed.** The device 
has operated at depths up to 1,000 feet. The 
alphameter, an instrument that measures 
alpha particles emitted by radon, reportedly 
was easier to use, cheaper, and more re- 
liable than older uranium emanometer 
prospecting methods. 

Α rapid procedure for measuring ura- 
nium in natural waters using thermal neu- 
tron activation and anion-exchange sepa- 
ration of uranium was reported to have a 
detection limit of 0.05 part per billion.** A 
comparison of analytical methods to deter- 
mine uranium in granitic rocks was made. 
Α combination of delayed-neutron deter- 
minations for uranium and gamma ray 
spectrometric analyses of radium equiv- 
alent uranium, thorium, and potassium pro- 
vided the best data base for geochemical 
prospecting. 

Increasing demand and high uranium 
prices continued to stimulate Government 
and industry interest in solution mining as 
a means to reduce investment and con- 
struction lead times, to produce from low- 
grade ore bodies, and to minimize environ- 
mental problems. Α generalized cost model 
for current solution mining practices was 
developed.* Operating costs accounted for 
60% of total costs and capital costs for about 
40%. Estimated costs per pound of pro- 
duction ranged from $13.94 for a 1-million- 
pound-of-U;O,-per-year operation to $17.19 
for a 250,000-pound operation. 

The Bureau of Mines expanded its re- 
search and development work on processing 


technology for recovering uranium from 
low-grade and refractory ores. Beneficiation 
and leaching of granites from Wyoming and 
Vermont were studied. Also investigated in 
1976 were ores resistant to acid leaching; 
these ores proved to be readily leachable 
after they were subjected to autoclave oxid- 
ation or to roasting. 

The South African National Institute for 
Metallurgy was developing and pilot-plant- 
testing a lower cost continuous-ion- 
exchange (CIX) process for uranium 
extraction.’ Capital costs of a uranium 
plant using the CIX process were estimated 
to be 2096 lower than costs of one using the 
Purlex process. Resin use was also cutto 
one-third to one-half that of fixed-bed ion 
exchange, and unlike Purlex, CIX operated 
satisfactorily in solutions containing sus- 
pended solids. The process reportedly was 
particularly well suited to in situ and heap 
leaching solutions. 

Another process similar to the CIX proc- 
ess was undergoing pilot plant tests to 
extract uranium at Elliott Lake, Canada. 
The first full-scale installation was to com- 
mence operation at a new ura- 
nium mill in 1977. 


31Energy Research and Development Administration. 
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and Visual Presentations. Grand κος C. Colo., Sept. 14- 


16, 1976, 260 pp 
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Research continued on novel uranium- 
enrichment methods." A variation of the 
West German nozzle process using a higher 
percentage of carrier gas was believed to 
accelerate the lighter uranium isotopes. 
The technique is called "seeded beam sepa- 
ration." Asahi Chemical Industry Co., Ltd., 
in Japan reported that it had successfully 
developed a technique combining chroma- 
tography and ion-exchange resin for en- 
ric uranium.** Power consumption was 
estimated at half that required by gas 
centrifuge methods. TRW, Inc. was develop- 
ing a method of uranium isotope separa- 
tion by a plasma-electromagnetic effect, 
known as the Dawson separation process.“ 
In the Dawson process, natural uranium is 
introduced into a plasma and subjected to 
magnetic and radio frequency fields. The 
U-235 nuclei resonate to different fields 
than other uranium isotopes and then can 
be isolated. 

NRC continued efforts to improve LWR 
gafety. Research was directed toward devel- 
oping methods of calculating the course of 
events if an accident should begin. To assist 
this effort, NRC conducted tests at the 
Power Burst Facility (PBF) at the Idaho 
National Engineering Laboratory to pro- 
vide data to define the behavior of nuclear 
fuels under abnormal and hypothetical acci- 
dent conditions. The Loss-of-Fluid-Test pro- 

am (LOFT), NRC's largest experimental 
facilit , was completed, and the first experi- 
ments were conducted in 1976. The LOFT 
facility was designed to provide verification 
of analytical methods used for prediction of 
integrated system behavior in a loss-of- 
coolant accident. 

ERDA continued its basic research and 
development program on four breeder 
concepts—the liquid metal fast breeder 
reactor (LMFBR), the light water breeder, 
the gas-cooled breeder, and the molten-salt 
breeder. Reference designs, work schedules, 
and cost data were established for the 
demonstration Clinch River LMFBR in Ten- 
nessee. ERDA planned to have the facility 
completed in 1983; however, late in the year 
the President indicated that he would rec- 
ommend delaying the development of the 
breeder reactor. The Flux Test Facility for 
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testing breeder fuels and materials, and for 
safety and reactor development experience, 
was expected to be completed in 1977. Prog- 
ress was made in studies on advanced oxide 
fuels and higher breeding mixed uranium- 
plutonium carbide and nitride fuels. 

Development of the Actinide Nitride- 
Fueled (ANF) reactor was proposed as a 
possible means to recycle nuclear waste, 
sharply reduce problems of environmental 
safety and radioactive waste storage, and 
minimize the risks of theft or attack by 
terrorists.“ The recycling aspects of the 
system reportedly would permit almost 90% 
cost savings over presently accepted me- 
thods. 

Research directed toward preventing 
theft of weapons-grade uranium and pluto- 
nium increased substantially in 1976. Plant 
security improved, and proposals for inter- 
national fuel fabrication and reprocessing 
centers were advanced. ERDA proposed co- 
processing of uranium and plutonium in 
mixed oxide fuels in order to prevent pluto- 
nium from existing as a separate entity 
anywhere in the fuel cycle. Battelle Colum- 
bus Laboratories was studying the addition 
of long-lived actinides to fuel elements, 
which would make the fuel elements so 
radioactive that remote control equipment 
is required, thereby making theft difficult. 
Similarly, irradiation of fuel elements to 
make them too radioactive to handle was 
proposed. 

Conversion to a thorium fuel cycle was 
advanced as a means to help prevent 
worldwide proliferation since very little plu- 
tonium is created in the cycle and the bred 
U-233 can only be separated from the other 
uranium isotopes present by enrichment 
techniques.“ 


*!Chemical Engineering. Uranium-Enrichment Update. 
V. 84, No. 2, Jan. 17, 1977, pp. 77-80. 
Chemical Week. Asahi Chemical’s Nuclear Enrich- 
91.157 ο Cuts Power Needs. V. 118, No. 18, Mar. 
p.3 
Nuclear News. ERDA Funds TRW's Look I New 
Separati on Process. V. 19, No. 18, October 1976, p. 4 
Industrial Research. Meet the ANF Reactor. No. 104, 
lon E » pp. 55-58. 
on Hippel, F., and R. H. Williams. Ene 
r Growth. Bull. of the Atomic 
$2 Nel 10, Dec December 1976, pp. 18-21, 48. 
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Vanadium 


By Grace N. Broderick! 


Consumption of vanadium in 1976 in the 
United States was 14% less than in 1975, 
and 34% less than the alltime high of 7,200 
short tons of contained vanadium „reported 
in 1974. Domestic production of vanadium 
oxide, however, was considerably higher 
than in 1975. Arkansas, for the fifth consec- 
utive year, was the leading vanadium- 
producing State. Both exports and imports 
of ferrovanadium increased in 1976. Exports 
classified as ores, concentrates, oxides, and 
vanadates were at a much lower level than 
in 1975. Vanadium pentoxide imports, 


which until 1974 were insignificant, ac- 
counted for about 1696 of total vanadium 
imports for consumption in 1976. U.S. price 
quotations for the principal vanadium 
materials, which remained stable in 1975, 
increased about 10% in mid-1976. 

Requests for high-purity vanadium metal 
continued to be received by the Bureau of 
Mines; a total of 16 pounds was supplied to 
the Oak Ridge National Laboratory and to 
the University of Illinois for research pur- 


poses. 


Table 1.—Salient vanadium statistics 
(Short tons of contained vanadium) 


Ore and concentrate: 


Recoverable vanadium! ________________ 


errovanedium and other vanadium 


goons materials (gross weight) 
um 


ies concentrates, 


oxides, and vanadates _________________ 
poris (general) 
πο - ros weight) __ 


Ores, slags, res 


Vanadium EIS (anhydridey „ 
World production ___ _ - -------------------—- 


1972 1973 1974 1975 1976 
4,877 4,870 4,743 7,916 

$30, $26,611 ; $49,329 $81,279 
: 4,864 5,368 4,859 6,197 
5,227 6,393 7,200 5,501 4,120 
269 1,416 1,335 1,018 1,210 
176 232 203 215 99 
572 303 225 179 433 
1,400 600 2,485 2,895 2,998 
(3) (3) 533 1,275 668 
20,239 21,653 r20,762 r23,201 25,950 


rRevised. | ' 
l1Recoverable vanadium contained in uranium and vanadium ores and concentrates received at mills, plus vanadium 
recovered from ferrophosphorus derived from domestic phosphate rock. 
Produced directly from all domestic sources and includes metavanadates. 


Less than 1/2 unit. 


Legislation and Government Pro- 
grams.—As of December 31, 1976, the physi- 
cal inventory of the U.S. Government stock- 
pile remained at 540 tons of vanadium, all 
in the form of vanadium pentoxide. New 
stockpile goals for strategic and critical 


minerals were announced by the General 
Services Administration on October 1; those 
for vanadium were 10,095 tons of ferrovana- 
dium and 2,576 tons of vanadium pentoxide. 


! Physical scientist, Division of Ferrous Metals. 
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DOMESTIC PRODUCTION 


Four mills produced vanadium pentoxide 
from domestic sources in the United States 
during the year. Union Carbide Corp. con- 
tinued to operate beth its Uravan-Rifle mill 
complex in Colorado, and its Hot Springs, 
Ark., mill; Kerr-McGee Corp. operated its 
Soda Springs, Idaho, plant; and Atlas Corp., 
Moab, Utah, began recovering vanadium 
early in 1976. Colorado Plateau uranium- 
vanadium ores, Arkansas vanadium ore, 
and Idaho ferrophosphorus constituted the 
domestic raw materials that were run 
through the mills. Other sources included 
vanadium-bearing slags from Chile, the 
U.S.S.R., and the Republic of South Africa 
and spent catalysts and powerplant resid- 
ues from U.S. and Caribbean sources. Vana- 
dium recovered from imported vanadium- 
bearing materials was not included in any 
of the production figures shown in the 
tables, nor was the vanadium recovered 
directly from slags or residues as ferrovana- 
dium or similar products. 

The Cotter Corp. a wholly-owned subsi- 
diary of Commonwealth Edison Co., Inc. of 
Chicago, awarded a contract for the design 
and construction of a $26.1 million 
uranium-vanadium processing facility at 
Canon City, Colo. In addition to a new ($23.5 
million) mill that will process 1,000 tons of 
ore per day, the facility will include a plant 
($2.6 million) for recovery of vanadium, 
molybdenum, nickel, cobalt, and tungsten 
from spent catalysts. Startup of the mill is 
not expected until 1978 or early 1979. 

Ranchers Exploration and Development 
Corp. planned to rework, for its residual 
uranium-vanadium content, tailing rem- 
nants of uranium-vanadium milling oper- 
ations conducted in 1943-63 at Naturita and 
Durango, Colo, by Vanadium Corp. of 
America. The tailings totaled around 2 
million tons; about 600,000 tons of this is 
located at Naturita, and 1.5 million tons is 
at Durango. The tailings will he removed 
from their present sites to locations where 
they can be leached and processed by sol- 


Table 2.—Mine Production and recover- 
able vanadium of domestic origin pro- 


duced in the United States 
(Short tons of contained vanadium) 
: 
Mine g Recoverable 
Year gto lium? 
1912... 4, 4,887 
197838 4,117 4,877 
1974... eee nae 5,240 4,810 
/ A 5,213 4,148 
19008 — os 8,076 7,816 
1Measured by receipts of uranium and vanadium ores 
and concentrates at mills, vanadium content. 


le vanadium contained in uranium and = 
nadium ores and concentrates received at ou illa, plus 
vanadium from ferrophosphorus 
domestic phosphate rock. 


Table 3.— Production of vanadium oxides 


in the United States! 
(Short tons) 
Gross Oxide 
Year weight content? 
1972 10,410 9.367 
1918  — —88 8,226 8,683 
1974 9,304 9,583 
19757555 8,597 8,674 
1976___________ 10,886 11,063 


1produced direcHy from all domestic sources; includes 
metavanadates 
*Expressed as equivalent VsOs. 


vent extraction. It has been reported that 
about 1,100 pounds of U;O, and 4,000 
pounds of V- O, per day are expected to be 
produced. Production from the Naturita 
tailings pile is to begin in late November 
1977 and continue for approximately 16 
months; production from the Durango tail- 
ings is projected to begin in mid-1979 and to 
continue for about 32 months. 

Long Island Lighting Co. (LILCO) report- 
ed that sales of vanadium produced as a 
byproduct of the burning of Venezuelan oil 
in its power-generating operations over the 
past 12 years have produced more than $5 
million in revenues. 
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CONSUMPTION AND USES 


Domestic consumption of vanadium, re- 
ported by type of material in table 4 and by 
end-use category in table 5, decreased 14% 
in 1976 from that of 1975 and 34% from the 
alltime record high of 7,200 tons established 
in 1974. Decreases occurred in nearly all 
end-use categories, tool steel being the one 
noteworthy exception as it increased 37% 
over that of 1975. Stainless and heat- 
resisting steel and full-alloy steel remained 
at about the same level of consumption as 
in 1975. Reduced activity in aircraft con- 
struction and less demand for carbon steel 
and high-strength low-alloy steel contribut- 
ed significantly to the drop in consump- 


tion. 

Eighty-eight percent of the vanadium was 
consumed as ferrovanadium and associated 
proprietary vanadium-iron-carbon mate- 
rials. Compared with data for 1975, ferrova- 
nadium (including proprietary materials) 
consumption fell 12% and oxide consump- 
tion declined 19%. Consumption of ammon- 
ium metavanadate, however, increased 
58%. Consumption of other vanadium mate- 
rials, consisting principally of vanadium- 
aluminum alloys and small quantities of 
other vanadium alloys, was ee below that 
of 1975. 


Table 4.—Consumption and consumer stocks of vanadium materials in the United States 
(Short tons of contained vanadium) 


1975 1976 
Type of material ; : 

-- Consumption atocke Consumption mi 

Ferrovanadium!  ... _ _ . 4,703 868 4,144 924 
Oxide μμ ²³⅛˙uG . μμ 8 216 56 175 50 
Ammonium metavanadate _____________~_ 26 5 41 9 
Other! k 556 212 360 97 
e ß i tuer eee cm 5,501 1,141 4,120 1,080 


Includes other vanadium-iron-carbon alloys. 
vanadium metal 


principally of vanadium-aluminum alloy, plus relatively small quantities of other vanadium alloys and 


Table 5.—Consumption of vanadium in the United States, by end use 
(Short tons of contained vanadium) 


End use 


steels and Ana ree 


ume irons 
pou 
C Cutting ad wear 


tting materials 
Welding and alloy hard facing rods and materials εκ» 
Nonferrous alloys 


W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and unspecifi M 
‘Includes magnetic alloys. 
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STOCKS 


In addition to the consumers' stocks 
shown in table 4, producers' stocks of vana- 
dium as fused oxide, precipitated oxide, 
metavanadate, metal, alloys, and chemicals 


totaled 3,018 tons of contained vanadium at 
yearend 1976, compared with 3,375 tons at 
yearend 1975. 


PRICES 


Prices in the United States for the princi- 
pal vanadium materials increased about 
10% at midyear. The price for domestic 
98% fused vanadium pentoxide, as quoted 
by Metals Week, began the year as a dual 
quotation of $2.45 and $3.06 per pound of 
contained V4,O, and increased to $2.75 and 
$3.85. Prices for technical-grade air-dried 
vanadium pentoxide per pound of contained 
V.: O, were raised from $2.45 to $2.75 on 
August 1, 1976, by Kerr-McGee Corp. and 
from $3.06 to $3.35 on July 1, 1976, by 
Union Carbide Corp.; Foote Mineral Co.’s 
air-dried vanadium pentoxide price has 
been posted at $3.54 per pound of contained 
V. O, since January 10, 1975. 

Metals Week, as of midyear, no longer 


published a price quotation for U.S. stand- 
ard grade (70% to 75% vanadium) ferrova- 
nadium, which had been quoted at $6.35 per 
pound of contained vanadium since Novem- 
ber 1974. It began publishing, effective July 
1, a new price quotation of $6.10 per pound 
of contained vanadium for U.S. producer 
80% vanadium grade ferrovanadium. The 
price per pound of contained vanadium for 
both Carvan and Ferovan, effective July 1, 
rose from $5.10 to $5.60. 

Metal Bulletin’s United Kingdom price 
for ferrovanadium containing 50% to 60% 
vanadium was quoted as £5.30 to £5.40 at 
the beginning of the year and ended the 
year at £7.30 to £7.60. 


FOREIGN TRADE 


Exports of ferrovanadium were up about 
19% in 1976. Exports of ores, concentrates, 
and oxides, however, were at a much lower 
level than in 1975, declining by 54%. Aver- 
age declared value for exports of ores, con- 
centrates, and technical-grade oxides re- 
mained about the same, $2.11 per pound of 
contained vanadium pentoxide in 1976, 
compared with $2.12 per pound in 1975. The 
average declared value for exports of ferro- 
vanadium was $3.79 per pound of alloy in 
1976, compared with $3.91 in 1975. 

No imports classified as vanadium ore 
and concentrate were received in 1976. Im- 
ports classified as vanadium carbide totaled 
525 pounds (gross weight), all of which came 
from West Germany. Imports of vanadium- 


bearing materials (such as ashes and slags) 
totaled 6.0 million pounds of contained va- 
nadium, compared with 5.8 million pounds 
of contained vanadium in 1975. In both 
years, the Republic of South Africa, the 
U.S.S.R., and Chile were the major sources 
of this supply. Vanadium pentoxide (anhyd- 
ride) imports decreased significantly from 
those of 1975, with imports for consumption 
in 1976 totaling 2,184,241 pounds (gross 
weight) valued at $3,481,047, compared with 
4, 297,303 pounds (gross weight) valued at 
$7,873,796 in 1975. Ferrovanadium imports 
in 1976, shown in table 7, came largely from 
West Germany and Norway; in terms of the 
vanadium content, they were about double 
the 1975 ferrovanadium imports. 
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Table 6.—U.S. exports of vanadium, by country 
(Thousand pounds and thousand dollars) 


| Vanadium ore, concentrates, 
Ferrovanadium and other pentoxide, vanadic acid, 
vanadium alloying materials vanadium oxide, and vana- 
containing over 5 dates pete chemically 
Destination TES (vanadium 8 
1975 1976 1975 1976 
Quan- Quan- Quan- 
tity Value tity Value tity Value tity Value 
Argentina. 17 70 40 172 LS 8 
AUGSUpIR.... l ]iQ 0 νο ϱ.----.- 174 788 ΚΡ T 
Belgium-Luxembourg __ _ _ _ _ _ _ - . 111 405 110 394 us αν m SPA 
3322... ). 745 3.055 780 3.236 6 27 65 206 
China, People’s Republic f me e EE -- 5 n TEE 
inland. sues eue ente T ut n 33 122 n EUN Ἐπ = 
Frani ll he 8 4 18 . T == un ME E 
Germany, Wet 6 12 41 128 139 36 ae Pe 
Tadia ceos . 8 135 452 1 3 e 23 100 
| No RUPES νο Ου”. 2 E s 2 z 5 20 
n SS 8 160 587 718 2,414 55 ee zz 
Malaysias 1 2 1 4 = EUM ur i 
Mexico ——— ðꝛ ä sss s s; ee 5 ss ΜῈ 16 51 52 230 50 233 
Netherlands...  .............. 388 1,618 132 521 NE Sa -- Net 
New Guiness ΚΝ m S s ΚΠΕ p (1) 1 
BF. ο οσα ο AL EN a -- .- m = 1 1 
Poland .. _ _ _ _ _ c2c cl s 107 399 ΕΠΕ MEE "d 
span - ET EAE E REE AEREN να 43 171 934 me M 53 181 
Sweden- o s E s s ee 804 1,022 121 504 2 8 T" A 
Switzerland TO νο κ 8 70 204 Te mes zm E 
Venezueaeikkkk„ .. 59 256 x NM - m=: = 22 ER 
Vugosla via. t e 22 82 M^ TN UR V 
Total. τος noeud us 2,0836 7952 2422 9,180 431 1,628 197 742 
'Less than 1/2 unit. 
Table 7.—U.S. imports of ferrovanadium, by country 
(Thousand pounds and thousand dollars) 
1975 1976 
Country Gross Vanad- Gross Vanad- 
À ium Value : ium Value 
weight ten weight content 
General imports 
Austria ______________ ee 77 53 294 55 45 219 
J c E ð v ĩ K E sS 44 31 155 εὐ. ον d 
"eR 16 12 68 91 69 871 
Germany, West ______________________ 222 177 918 323 238 1,200 
κοπο ος αμ ο 88 "m M e 353 166 656 
ο EN E OTEA A E EAR AA E ME SM 44 86 172 
1σια MMC τας ας ει —— MORE 359 219 1,435 866 1553 2,618 
mp o for consumption: 
MPs ds UTER EET 77 53 55 45 219 
232% 8 44 31 155 My NN f 
JJ aM i e αμ 16 12 68 91 69 871 
Germany, West __ _ - 222 171 918 219 202 1,029 
OFWBV o ασ ⅛ ov y νοκ ELI Ade ais PM CR EN 858 166 
Sweden ___ ee ἘΠΕ ius m" 44 86 173 
TOUR octo u ð2Lu m 8 359 218 1,435 822 518 2,448 


Data do not add to total shown because of independent rounding. 
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Table 8.—U.S. imports of vanadium pentoxide (anhydride), by country 

1975 1976 

anad- Vanad- 
Country Gross 8 Gross ium 
weight content Value weight content Value 
(pounds) (pounds) (pounds) (pounds) 
General imports: 

hadi cne E 1,682 942 $303 ΜΙ si Επ 
Finland Z; ου, 44,974 25,194 124,209 ΜΕΝ "- 2 

rmany, West ________________-----_- 99,498 55,739 241,319 -- Sa 8 
South Africa. 

Republic off 4.404.727 2.467.528 7.940.330 2,383,754 1,335,379 83.766.686 
United Kingdoooů nnn 1 (1) 255 665 373 2,851 

οκ ως πώ ων μον 4,550,882 2, 549, 404 8, 306,416 2,384,419 1,335,752 3,769,537 

Imports for consumption: 

Ä ]˙¹⁴ ⁰ ¹˙]à³ÄÄA sha TUN 1.682 942 303 T— a we 
Finland Z o SNS SL Zoar ee eee 44,974 25,194 124,209 ie -- μη 
Germany, West ______________-------- 99,498 55,739 241,319 x oe "e 
South Africa, 

Republicof ` _ _ -- 4.151.148 2,325,4737,507,710 2,183,576 1,223,239 3,478,196 
United Kingdom ___________________-~- 1 (1) 255 665 373 2,851 

Total. πώ de noii tum e bua 4,297,303 2, 407, 349 7,873,796 2,184,241 1,223,612 3,481,047 

Less than 1/2 unit. 
Data do not add to total shown because of independent rounding. 
WORLD REVIEW 


In addition to the nations listed in table 9, 
some others had relatively small vanadium 
production from secondary, waste, or bypro- 
duct sources. Japan and West Germany 
produced vanadium from several such 
sources. Pipeline production continued to be 
a major factor in world demand. 

Australia.—Western Mining Corp. Ltd.’s 
prospective uranium mine at Yeelirrie, 
Western Australia, may also produce bypro- 
duct vanadium pentoxide. Annual output 
would start around 1982 and would be about 
1,000 tons of V-. O, per year. 


Bolivia. — Construction of a ferroalloys 
plant in Bolivia, which was to have begun in 
January 1977, was postponed by Empresa 
Nacional de Fundaciones (ENAF). Market- 
ing and financial considerations were given 
as factors in delaying the project for 1 year. 
In addition to producing 500 tons annually 
of ferrotungsten from Bolivia's tungsten 
concentrates, the planned facility would 
have capacity to produce ferrovanadium. 
The latter production would be from im- 
ported concentrates because Bolivia does 
not produce vanadium. 


Table 9.—Vanadium: World production from ores and concentrates, by country 
(Short tons of contained vanadium) 


Country 1974 1975 1976» 
Chit or e , d ο. 640 660 1 199 
Finland (in vanadium pentoxide produee· ))) 1,635 1,405 1,598 
NOR WOY Li hie tS ⁰⁰yd y See, ie ea '500 1510 580 
South Africa, Republic of: * 
Content of pentoxide and vanadate product*__________________________- 3,657 5,300 3,931 
Content of vanadiferous slag product! ______________________________ 5,321 6,434 6,954 
7öCöĩ˙%ĩ5˙.⅛ĩ. ο ⅛ ] ˙ . arr ae 8.984 11.734 10.885 
South West Africa, Territory of (in lead vanadate 
Concentrate ⁵ ] ⁵ ο ² ] ] ⁰ i 3.9ͥꝛiĩBĩ. ³ dͥ d LEM LI D eee 903 619 782 
U.S.S.R. (in slag ex ports only? _________________-_______-__-_-____ Le 3.230 3.530 3,530 
United States (recoverable vanadium) dd 4,870 4,743 7,376 
Total. uc ua suma ͥ 0 at a AR "20,762 23,201 25,950 
Estimate. Preliminary. Revised. 


‘Based on U. S. imports 


The Republic of South Africa officially reports the undistributed total production of vanadium in pentoxides and 
vanadate products as well as in vanadium bearing slags. Data on vanadium content of vanadium slag are estimated on 
the basis of a reported tonnage of vanadium bearing slag (gross weight) multiplied by an assumed grade of 14% 
vanadium. Vanadium content of pentoxide and vanadate products represents the difference between the reported total 
and the calculated estimate for vanadium in e 

Data represent output of South West Africa Co. Ltd. for the years ending June 30 of that stated. 


VANADIUM 


Finland.—According to Finnish trade sta- 
tistics, Finland exported 2,653 tons of vana- 
dium compounds? in 1975, compared with 
2,955 tons in 1974. Of the 2,653 tons, 672 
tons went to France, 590 tons to Sweden, 
450 tons to West Germany, 364 tons to 
Great Britain, 331 tons to the U.S.S.R., 165 
tons to Czechoslovakia, 46 tons to Brazil, 23 
tons to the United States, 12 tons to Mexico, 
and negligible amounts to Spain and Italy. 

Rautaruukki Oy reported an output of 
2,854 tons (gross weight) of vanadium pen- 
toxide in 1976, of which 2,424 tons came 
from the Otanmäki mine and 430 tons from 
the Mustavaara mine. Production at the 
Mustavaara mine began in May 1976; be- 
cause most of the year was consumed by 
trial runs of the various processes and 
repairing faults discovered, only minor 
quantities of vanadium pentoxide could be 
obtained from this mine. 

Germany, West.—According to official 
trade statistics, West Germany imported 
22,002 tons (gross weight) of vanadium- 
containing ashes, residues, and slag in 1976, 
compared with 29,614 tons (gross weight) i in 
19775. 

India.—Ferrovanadium production was 
58 tons in 1976, compared with 55 tons in 
1975 and 72 tons in 1974. 

Yearly production of vanadium sludge 
was reported to be around 1,760 tons from 


two alumina plants— the Bharat Alumin- 


ium Co.'s (BALCO) plant at Korba in 
Madhya Pradesh, with a capacity of about 
880 tons of sludge per year; and Hindustan 
Aluminium Corp. Ltd's (HINDALCO) plant 
at Renukoot in Uttar Pradesh, also with an 
annual capacity of about 880 tons. HIN- 
DALCO was in the process of increasing its 
capacity to 1,820 tons of sludge per year. 
Indian Aluminium Co. Ltd. INDALCO) was 
examining the feasibility of vanadium re- 
covery from sludge in a pilot project at its 
Muri (Bihar) alumina plant, and eventually 
expects to recover about 330 tons of sludge 
per year from each of its two alumina 
plants at mur (Bihar) and Belgaum (Karna- 
taka). 
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Philippines.—Filmag (Philippines) Inc., 
the second largest iron sand processor in 
the Philippines, was reportedly con- 
structing, in cooperation with Japan's Mit- 
subishi Corp., a 4,400-ton-per-year ferrova- 
nadium plant at Luzon. They also have 
planned to build in 1978 a 6,000-ton-per- 
month pig iron plant (using Lingayen iron 
sand) which also would produce a 1596 
vanadium slag. 

Sweden.—MX-Processor AB, Mölndal, 
Sweden, has developed a new process for 
recovering vanadium from flue dust pro- 
duced at heavy-oil-fired power stations. 
Plans call for building a large pilot plant 
adjacent to the Stenungsund power station. 
The plant would be capable of recovering 
about 100 tons per year of vanadium worth 
about $660,000 with startup expected in 
19778. 

South Africa, Republic of.—South Africa 
continued to be the world's leading 
vanadium-producing country. Vanadium 
statistics published by the South African 
Government's Department of Mines were 
for the combined forms— slag, polyvana- 
date and metavanadate, and fused pentox- 
ide as V- O.. In this combined form, pro- 
duction in 1976 totaled 19,431 tons, com- 
pared with 20,946 tons in 1975. 

Production of vanadium-bearing slag by 
Highveld Steel and Vanadium Corp. Ltd.— 
South Africa's and the world's leading pro- 
ducer of vanadium—totaled 49,671 tons 
(gross weight) in the fiscal year ending June 
30, 1976, compared with 45,955 tons (gross 
weight) in the previous fiscal year. 
Highveld's ore originates from the Steel- 
poort Roosenekal area of the Transvaal. It 
is smelted at Witbank, where a sixth kiln 
was commissioned in October and major 
overhauls and uprating were carried out on 
the original four. The company's Vantra 
Division, which produces fused vanadium 
pentoxide, took its small kilns out of oper- 
ation in December 1975 for major repairs 
and modifications and recommissioned 
them in April 1976. 


TECHNOLOGY 


Aspects of the geology of vanadium as a 
framework for appraising resources of this 
commodity in the light of present-day tech- 
nology, economics, and geologic knowledge 


were discussed in a report by the U.S. 


Geological Survey. Geologic habits of base- 
metal vanadates and of titaniferous mag- 
netite deposits were described; maps show- 


ing world distribution of these deposits were 
included.* 


*Although the title of the | export class is “vanadium 
ο the material is almost all vanadium pentox- 


*Fischer, R. P. Geology and Resources of Base-Metal 
d Discs US Ὁ Geol. Survey Prof. Paper 926-A, 


anadium in Titaniferous ette 
Deposits. US. Gaal eid Survey Prof. Paper 926-B, 1975, 10 pp. 
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Hot-rolling behavior of austenite micro- 
alloyed with vanadium and nitrogen was 
investigated. The addition of vanadium and 
nitrogen to an aluminum-killed carbon- 
manganese-silicon steel altered the behav- 
ior of austenite during both deformation 
and holding subsequent to hot rolling in five 
different ways. The net result of the 
changes increased the number of heteroge- 
neities present in the austenite prior to 
transformation. This caused an increase in 
the number of sites for the heterogeneous 
nucleation of ferrite and a concomitant 
decrease in the grain size of the transform- 
ation product.* 

Α new superconducting magnet system 
installed at the Japanese National Re- 
search Institute for Metals was developed 
through the combined use of columbium-tin 
superconductor tape manufactured by In- 
termagnetics General Corp. of the United 
States and vanadium-gallium supercon- 
ductor tape developed by Vacuum Metallur- 
gical Co. Ltd. of Japan. The magnet has 
produced a record magnetic field of 175,000 
gauss.’ 

A patent was issued on a process for 
producing carbide addition agents including 
a new steel addition agent marketed as 
Ferrovanadium Carbide. This product, 
which contains about 70% vanadium and 
approximately equal percentages of carbon 
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and iron, was introduced in the second half 
of 1976 by Reading Alloys, Inc., of Robeso- 
nia, Pa.* 

A vanadium sludge, suitable for process- 
ing into vanadium metal, can be recovered : 
from digestion solutions obtained in the 
processing of vanadium-containing bauxite 
or alunite into aluminum metal. The caus- 
tic solution is cooled to 40° to 65° C., and 
maintained at that temperature until a 
precipitate forms. The precipitate is re- 
moved, and the liquor is further cooled to 
20° to 30° C. A precipitate of vanadium 
compounds is formed, the liquor is settled, 
and the second precipitate is separated as a 
sludge.’ 

The Vanadium International Technical 
Committee (Vanitec) continued to sponsor 
research projects on vanadium applications 
in 1976. Development of high-performance 
steels having high strength and impact 
resistance has been a major emphasis. 


*DeArdo, A. J., and E. L. Brown. Hot Rolling Behavior of 
Austenite Microalloyed With Vanadium and Nitrogen. J. 
of Metals, v. 29 n 1971, pp. 26-29. 

STrade Times. nducting Magnet System Ῥτο- 
duces 175 KG. June , 1976. 

y i Proektny institut 


Veesojuzny * 
55 


ον 999747 Ne Nov. TN 1976. 


Vermiculite 


By Stanley K. Haines! 


Domestic production of crude vermiculite 
declined 8% from the 1975 level to 304,000 
short tons. Output of exfoliated vermiculite 
remained the same as in 1975 at 235,000 
short tons. The average value per ton of 
exfoliated vermiculite increased 5% to 
$161.82. Exfoliating plants processed both 


domestic and South African crude. The 
principal end uses were concrete aggregate; 
as premixes for acoustic, fireproofing, and 
other applications; and as loose-fill and 
block insulation. World production of crude 
vermiculite was 565,866 tons, a decrease of 
2% from 1975. 


Table 1.—Salient vermiculite statistics 
(Thousand short tons and thousand dollars) 


1972 1973 1974 1975 1976 
United States: 
Sold or used by producers: 
$15 ok a es 337 365 841 830 304 
///;;Ä ] mͥ. εκ % ορ E $8,092 $9,464 $10,120 $13,761 $14,032 
Average value per ton _______________ $24.01 $25.93 .68 $41.70 $46.16 
Exfoliatddũʒluu 24 293 275 235 235 
õö;m ³ĩð2 aL Cice $24,777 $31,186 $30,916 $36,345 ,055 
Average Value per ton $100.31 $106.44 $112.42 $154.66 $161.82 
Exports to Canada ____________________ 31 44 45 41 
Im from the Republic of 
Ami RESORT 26 80 42 83 40 
World: Production, crude __________________ 512 549 1557 1579 566 
"Revised. 
DOMESTIC PRODUCTION 


Crude Vermiculite.—Output of vermicu- 
lite concentrate, commonly called crude, 
decreased from 330,000 tons in 1975 to 
304,000 tons in 1976. The principal mining 
operations were W. R. Grace & Co.'s mine, 
in Libby, Mont., and beneficiation plants in 
Libby, Mont., and Enoree, S.C. In addition, 
Patterson Vermiculite Co. produced a small 
tonnage at Lanford, S.C. 

Progress has been made by Virginia Ver- 
miculite Co. in its efforts to begin mining in 
Louisa County, Va. In the latter part of 1976 
the circuit court of Louisa County, Va., 
upheld the right of the board of supervisors 
to rezone the tracts of land containing 
vermiculite to allow mining. This decision is 
under appeal. The principal disputed issues 
are the damage mining would cause to the 


land (sight pollution) in light of the area’s 
rural national historic landmark designa- 
tion and the possible adverse effects 
caused by the presence of asbestos fibers in 
the ore. 

Exfoliated Vermiculite.—The tonnage of 
exfoliated vermiculite sold or used remain- 
ed about the same as in 1975. The five 
leading producing States were California, 
Florida, New Jersey, South Carolina, and 
Texas. W. R. Grace & Co., Construction 
Products Div., the principal producer of 
crude and exfoliated vermiculite, operated 
30 exfoliating plants in 24 States. Crude 
vermiculite imported from the Republic of 
South Africa was exfoliated at 10 domestic 


1Physical scientist, Division of Nonmetallic Minerals. 
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plants. The sources of crude for domestic Libby, Mont., 62%; South Carolina, 26%; 
exfoliated vermiculite sold or used were  andthe Republic of South Africa, 12%. 


Table 2. —Exfoliated vermiculite sold or used, by end use 


(Short tons) 
Use 1975 1976 

Aggregates: 

CORCTOLS n o oe hoe ees eee A eel eet et 75,000 67,706 

u^ 57. Z zu ο ων ων ον μα πμ ο εαν 4,000 8,099 

Premixes! ~...» 38,000 89,448 

z d ο ERU REDE 117,000 110,258 
Insulation 

ff mE εαν ος uut Lc 8 39000 89, 

ff ee s 5 n Áo 99 00 

ος ος ο ταρώ ⅛ ½ d 74,009 78,158 

Horticulture and soil conditioning | pae 36,819 

a S Me ο ο ο eC qe É; 2452 

ο ώμο. ---- 38,000 383.881 
Ü ¾ q˙ mm mA yd ee Aa 6.000 884 

Grand totalallLAALALMla˖mLl¶LLLsLs „„ 235,000 285,171 


αι Includes vermiculite used in premixes for acoustic and fireproofing purposes, decorative textures, moisture sealant, 


Table 3.—Vermieulite exfoliating plants in the United States in 1976 


State 


Carolina Wholesale Florists, Inc 


Cleveland — Supply Co., 


Clevelan 
Dicerzifad 18 tion, Inc 
W. R. Grace & Co., 


Div. 


Hyzer & Lewellen 


Construction Products 


— < gp s «τῳ = — 


-— ο ap «αν «πο « «κα =w — 


— vp ——— απο ο. a 


— =o op ow —— 


County irem city 
Allegheny ------ vet Falls 
St. Louis Bee Louis. 
νο eon Sanford. . 
Cuyahoga a Cleveland. 
Hennep in Minneapolis 
Maricopa ..........-.-- Phoenix. 
Pulaski ii North Little Rock. 
Alameda ....... Newark. 

Los Angeles Los les. 
Orange Santa 
Denver Denver. 
Broward ld Pompano Beach. 
Duval 0 acksonville. 
Hillsborough _ _ _ _ _ ampa. 
Campbell 5 N es τ l 
HE l ewpo 

Orleans New Orleans. 
Prince Georges Muirkirk. 

pshire ______ Easthampton. 
Wayne Dearborn. 
Hennepin- ------ Minneapolis 
St. Louis St. Louis. 
Do e 
Cayu ga w 
Guilford... i int. 
Oklahoma Oklahoma City. 
Multnomah - _ — ~~ — Po 3 
Lawrence _______ New Castle. 
Greenville  . Kearney. 
RE IN Travellers Rest. 
Davidson ashville. 
Bezau San Antonio 
Dallas 
Milwaukee ______ ilwaukee. 
Bucks Southampton. 
Macoup in Girard. 


VERMICULITE 
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Table 3.—Vermiculite exfoliating plants in the United States in 1976 —Continued 


Company State County N 
)J 8 Wisconsin Kenosha aa Kenosha. 
La Habra Products, Inne California Orange eim. 
MacArthur cod Minnesota ____.__ Ramsey ________ St. Paul. 
Mica Pellets, Ine Illinois... DeKalb F Kalb. 
Patterson Vermiculite Co __________ South Carolina Laurens ord. r 
i Insulation CIC0o Montana Cascade Great Falls 
North Dakota ____ Ward _________ Minot. 
Schmelzer Sales Associates, Inne Florida Hillsborough _ _ —_ _ Tampa. 
The Schundler Co_______________ New Jersey _ _ _ _ _ _ Middles e Metuchen 
Strong - Lite Products... _ _ _ _ _ _ _ Arkansas Jefferson Pine Bluff. 
Supreme Perlite o Oregon Multnomah_ _ __ _ _ land. 
Vermiculite of Hawaii, Inne Hawai Honolulu Honolulu. 
Vermiculite-Intermountain, Ine DDr t Lake Salt Lake City 
Vermiculite Products, Ine Texas _________ — E ouston. 
CONSUMPTION AND USES 
Only minor changes in the end-use pat- miscellaneous, 396. Additionally, 15,000 


tern occurred from 1975 to 1976. The princi- 
pal end-use categories follow: Aggregates, 
47%; insulation, 33%; agriculture, 17%; and 


tons of crude vermiculite was consumed for 
various end uses without exfoliation. 


PRICES 


According to the Bureau of Mines 
canvass, the average value of domestic 
crude vermiculite increased from $41.70 per 
ton in 1975 to $46.16 per ton in 1976. The 
average value of exfoliated vermiculite in- 
creased 5% to $161.82. These values are 
f.o.b. mine or plant. 


Engineering and Mining Journal quoted 
nominal yearend prices for crude vermicu- 
lite as follows: Per short ton, f.o.b. mine, 
domestic crude, $38 to $68, and c.i.f. Atlan- 
tic ports, Republic of South Africa crude, 
$60 to $80. 


FOREIGN TRADE 


Approximately 40,000 tons of crude ver- 
miculite was imported duty-free into the 
United States from the Republic of South 
Africa, a 21% increase over that imported 


in 1975. A total of 40,850 tons of crude 
vermiculite was exported to Canada, princi- 
pally from Libby, Mont. 


- WORLD REVIEW 


Canada.—A total of 62,856 tons of crude 
vermiculite was imported in 1976, from the 
United States and the Republic of South 
Africa. The end-use pattern in 1975 follows: 
Loose insulation, 77%; insulating concrete, 
4%; insulating plaster, 1%; agriculture, 9%; 
and miscellaneous (including fireproofing, 


underground pipe insulation, and barbecue 
base), 9%.? 

South Africa, Republic of.—Total pro- 
duction of crude vermiculite increased over 
7% in 1976 to 244,798 tons. 


2Stonehouse, D.H. Lightweight Aggregates, 1975. Cana- 
da Dept. Energy, Mines, and urces (Ottawa), 1976, 6 
pp. 
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Table 4.—Vermiculite: World production, by country! 


(Short tons) 
Country! 
7 ² eL DU UC E ILL ποπ κα 
Bra dedu dau fec eins LL ει 
. 
i c CNN SUID CHRON M 
South Africa, Republic of 7 μαμα εμας 
United States (sold or used by producers) 4 
Τομ o ß ññ p us Lem x 


1Excludes production by centrally planned economy countries. 


Zinc 


By V. Anthony Cammarota, Ir. 


As the rate of economic activity rose 
during 1976, mine and smelter production 
and imports of metal increased to satisfy a 
23% increase in slab zinc consumption. 
Imports of slab zinc supplied about three- 
fifths of metal consumption. Imports of ores 
and concentrates fell, continuing the 
decline of 1975. Producer and consumer 
Stocks at yearend 1976 were higher than at 
yearend 1975. 

Mine production increased 3% compared 
with that of 1975, to 484,518 tons of recover- 
able zinc. Tennessee, Missouri, New York, 
Colorado, and Idaho accounted for 70% of 
the output. Eleven States showed increases 
and eight registered declines. Exploration 
activities were high in Tennessee and in 
Wisconsin, where Exxon Corp. announced 
the discovery of a massive sulfide deposit 
that could increase U.S. zinc reserves about 
10%. 

U.S. primary smelters operated at slight- 
ly more than 80% capacity in 1976 to pro- 
duce 536,479 tons of slab zinc, a 13% in- 
crease compared with 1975 production. At 
yearend, National Zinc Co. started up a new 
electrolytic zinc plant to replace its horizon- 
tal retort plant. AMAX Inc. completed an 
extensive rehabilitation program at its 
electrolytic zinc plant. The New Jersey Zinc 
Co. broke ground for a 90,000-ton-per-year 
electrolytic zinc plant in Tennessee, which 
is expected to be operational in 1979. The 
Bunker Hill Co. completed construction of a 
600-foot stack at its zinc plant in Idaho to 
meet pollution requirements. 

Consumption of slab zinc increased to 
1,184,141 tons. Increases in automobile pro- 
duction and housing starts of 27% and 2596, 
respectively, contributed to the recovery in 
consumption. À 3-month strike in the tire 
industry reduced consumption of zinc oxide. 

Producer and consumer stocks were 
181,952 tons on January 1, and after falling 
to 164,889 tons in March, the level gradual- 


ly increased to finish the year at 215,047 
tons. 

In January, the price of Prime Western 
zinc was reduced 2 cents, to 37 cents per 
pound. In August, the producers raised the 
price to 39 to 40 cents per pound, but in 
October the companies rescinded the price 
increase. The 1976 average price was 37 
cents per pound. The European producer 
price remained at 36.1 cents per pound. On 
the London Metal Exchange (LME), equiva- 
lent prices climbed in the first half of the 
year to an average of 35.9 cents per pound 
in June, but then underwent a steady 
decline to end the year at under 30 cents per 
pound. 

On October 1, the Federal Preparedness 
Agency (FPA) approved a new goal for zinc 
of 1.318 million tons. The previous goal was 
874,830 tons set in June. Achievement of 
the goal was to be a long-term program 
requiring a number of years. 

With the exception of 1974, general im- 
ports of zinc in ores and concentrates have 
declined since 1970. In 1976, such imports 
were 97,115 tons, a 33% drop from those of 
1975. General imports of slab zinc reached 
714,489 tons in 1976, the highest level on 
record. Canada supplied 44% and Mexico, 
9%. Major suppliers, who more than dou- 
bled shipments to the U.S. market com- 
pared with those of 1975, included Italy, 
Mexico, Yugoslavia, and Zaire. The People's 
Republic of China shipped 2,532 tons. The 
European Economic Community provided 
19% of U.S. imports of zinc metal, compared 
with 1796 in 1975. 

Legislation and Government  Pro- 
grams.—On June 28, FPA raised the stock- 
pile goal for zinc to 374,830 tons, which was 
the total uncommitted inventory at the 
time of the announcement. The previous 
goal was 202,700 tons. This action elimina- 


Physical scientist, Division of Nonferrous Metals. 
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ted the excess of 172,180 tons of zinc that 
the General Services Administration (GSA) 
previously had available for disposal. In 
addition, GSA cancelled its agreement to 
sell zinc under long-term contracts with the 
producers. On October 1, ΕΡΑ announced a 
new goal of 1,818,000 tons. At the end of the 
fiscal year, total inventory was 385,171 tons; 
uncommitted inventory was 374,830 tons, 
and 10,841 tons was committed to various 
Government agencies. The Director of FPA 
stated that stockpile planning was based on 
a 9-year emergency and that civilian needs 
were considerod in the program. 

The Environmental Protection Agency 
(EPA) suspended the daily average effluent 
limitation of 0.5 milligram of zinc per liter 
for ore mining and dressing facilities until 
April 30, 1977, to study additional data.* 

A bil, H.R. 12883, was introduced in 
Congress on March 30 to suspend for a 2- 
year period the duty on zinc slab, but it did 
not pass. 

Public Law 94-418, Electric and Hybrid 
Vehicles Research, Development, and Dem- 
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onstration Act of 1976 was passed, the 
objective of which was to advance the tech- 
nology of battery systems for electric vehi- 
cles through research and grants by the 
Energy Research and Development Admini- 
stration (ERDA). Batteries using zinc have 
shown promise as practical high energy- 
density batteries for electric vehicles. 

The International Lead and Zinc Study 
Group (ILZSG) held its 20th session in 
Geneva, Switzerland, November 4-12, to 
review developments in lead and zinc and 
consider projections for 1977. Producers cur- 
tailed zinc metal production in 1976, and 
were expected to continue to do so into 1977 
in an attempt to avoid stock increases. 
Because France, Japan, and the United 
States have national stockpile policies, the 
need to review the impact of stockpiles on 
the market was expressed. 


Table 1.—Salient zinc statistics 
1972 1978 1974 1975 1976 
United States: 
Prod 
content short tona... 418,818 418,850 499,872 469,855 484,518 
C — $169,808 $197,861 $358,908 $866,097 $858,541 
Slab zinc: 
From domestic ore short tona. _ 899,119 846,993 807,959 881,872 
From foreign ore AAN 11 184 208,195 130,092 116,983 
From scrap ---------------- do- 73,718 83, 187 78, 585 57, 886 63,555 
Otel l nonc Lt EE 106,898 666,666 683,723 495,987 562,410 
ο αλ 8 da- 814,043 800,078 259,947 225,815 809,836 
Exports οἵ slab zinc do. _ _ _ 4,824 14, 19,062 6,897 8,518 
Imports (general): 
Ores (zinc content do- 199,684 240,043 144,987 97,115 
Slab zi . do- 522,612 592,046 538 487 714,489 
At producer plants do 30,068 25,94 39,720 "14.616 99,898 
t consumer plante dow - 124,956 114,317 211,158 107,276 121,154 
Government 5 2525350 do- 949,588 671,009 1, 885,714 885,192 
πα μαμα do- 80,408 109,833 42,850 3,442 Πε 
Consumption: 
Slab zinc ~- - ----------------- do- 1.418.349 1,508,988 1,287,696 925,880 1,184,141 
All classes --- 1,844,028 1,981,925 1,678,013 1,281,815 1,541,890 
Price: Prime Western 
won per pound (delivered 17.75 20.66 85.95 88.96 87.01 
ος 9 
Production: 
ESI LOT el amu uay short tons. . 6,992,071 6,298,484 76,371,590 76,390,509 6, 462, 255 
FFC do- 5,655,704 5,876,535 — *6,182,680 15, 592,458 5,978,484 
Price: Prime Western grade, London 
conta per pound 17.18 38.55 56.13 89.16 82.88 
Revised. 
1Excludes redistilled slab zinc. 


*Included in total amount withdrawn from Government stockpile. 
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Figure 1.—Trends in supply and consumption in the United States. 
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Figure 3.—Trends in average London Metal Exchange (LME) and domestie zinc prices. 


DOMESTIC PRODUCTION 


U.S. mine production from 19 States was 
484,518 tons, a 3% increase over that of 
1975. The major producing States were 
Missouri and Tennessee, 17% each; New 
York, 15%; and Colorado and Idaho, 1096 
each. All of the major producing States, 
except New York and Tennessee, showed 
higher production than in 1975. 

Table 5 shows sources of zinc production 
in 1976 according to ore type. Zinc ore 
accounted for 53% of the total zinc pro- 
duction, followed by zinc-lead ore, 2196; load 
ore, 1896; copper-zinc and copper-lead-zinc 
ores, 7%; and other ores, 1%. 

Table 6 shows the 25 leading U.S. zinc 
mines, which accounted for 89% of the 
recoverable domestic zinc mined in 1976. 
The five leading mines accounted for 4196 of 
the total U.S. mine production. 

Tennessee zinc mine production dropped 
1% from that of 1975. Seven mines pro- 
duced zinc from zinc ores, and one mine, 
Copperhill, produced zinc from copper-zinc 
ore. Jersey Miniére Zinc Co., a 60-40 joint 
venture of The New Jersey Zinc Co. and 
Union Miniére, S.A., continued develop- 
ment of the Gordonsville and Stonewall 
mines; New Jersey Zinc developed the Bea- 
ver Creek mine. The Elmwood mine at- 
tained full production status in 1976. 

In east Tennessee, ASARCO Incorporated 
operated its zinc mines below design capaci- 
ty throughout the year.“ Production from 
the four mines was 42,700 tons of zinc, 
compared with 47,900 tons in 1975 and 
56,400 tons in 1974. The zinc concentrate is 


used mainly for the production of zinc oxide 
at ASARCO's own plants in Ohio and Illi- 
nois. At the Young mill, construction began 
on a new ore concentrate drying and load- 
ing facility. 

St. Joe Minerals Corp. formed a joint 
venture with a subsidiary of Freeport Min- 
erals Co., for a 3-year, $5 million explor- 
ation and development project for zinc near 
Carthage, Tenn. ASARCO, Cominco Amer- 
ican Inc., and NL Industries Inc. formed a 
joint venture to explore for zinc near 
Burkesville, Ky. 

Zinc production as a coproduct from eight 
lead mines in Missouri increased 1296 over 
that of 1975, as the State regained its 
position as the leading zinc producer. The 
Buick mine, owned 50% each by Home- 
stake Mining Co. and AMAX Inc., mined 
1,614,028 tons of ore with a lead content of 
9.996 and zinc content of 3.996. Ore roserves 
were given as 55 million tons assaying 7% 
lead and 296 zinc.* A program was begun to 
increase mine production to 1.8 million tons 
annually through improved techniques. 

Production of zinc decreased 496 in New 
York, where St. Joe Minerals Corp. opera- 
ted the Balmat and Edwards mines with a 
total capacity of 4,900 tons of ore per day. 
The Balmat mine retained its position as 
the Nation's largest zinc producer. The 
company stated that the decline in pro- 
duction resulted from mining lower grade 
ore. 


*3ASARCO Incorporated. His Annual Report Ep. I1 18. 
*Homestake Mining Co. 1976 Annual Report. P. 
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In Colorado, zinc production from 13 
mines was 50,621 tons, up 496 compared 
with that of 1975. Idarado Mining Co., 
owned 80.190 by Newmont Mining Co., 
treated 361,000 tons of ore grading 8.83% 
zinc, 2.4096 lead, 0.4996 copper, and 0.08 and 
1.87 ounces of gold and silver per ton, 
respectively. Ore reserves were 3.5 million 
tons grading about 4.496 zinc. Resurrection 
Mining Co., wholly owned by Newmont 
Mining Corp. milled 200,000 tons of ore 
grading 9.2696 zinc from the Leadville mine, 
which is managed by ASARCO. Ore re- 
serves were 2 million tons grading 9.94% 
zinc.“ Minerals Engineering Co. closed its 
Creede lead-zinc mine because of poor ore 
grade. Standard Metals Corp. increased mill 
capacity at its Sunnyside mine at Silverton 
to 1,000 tons of ore per day. 

Zinc mine production was reported from 
17 mines in Idaho, where production in- 
creased 1490 over that of 1975. The Bunker 
Hill Co., a wholly owned subsidiary of Gulf 
Resources & Chemical Corp., increased pro- 
duction 1096 at its Bunker Hill mine; pro- 
duction from the Star mine, owned 90% by 
Hecla Mining Co. remained unchanged. 


Proven and probable reserves of lead-zinc 


ore at these mines were 4.1 million tons 
containing 4.5% zinc and 3.8% lead.* Ore 
grade of the Star mine averaged 6.05% zinc, 
5.61% lead, and 2.98 ounces of silver per 
ton, all of which were higher than 1975 
levels.“ Several veins contributed signifi- 
cantly to overall mine production and the 
preparation of new stoping areas assured 
adequate production for the next year. Most 
of the lateral development was at the 7,900- 
foot level, but the No. 4 shaft was deepened 
to the 8,100-foot level. Hecla's Lucky Friday 
mine produced 186,520 tons of ore, up 896 
over 1975 production. Ore grade was 1.47% 
zinc, 10.9196 lead, and 14.41 ounces of silver 
per ton. Operating costs increased about 
5%, but were partially offset by improve- 
ments in productivity. Stope preparation on 
the 4,250-foot level was completed, along 
with station work on the 4,450-foot level, 
deeponing of the main shaft to the 4,660- 
foot level, and installation of hoisting facili- 
ties. Ore reserves at yearend were 475,000 
tons compared with 505,000 tons in 1975. 
Intermountain Mining Engineers, with 50% 
participation by U.S. Antimony Corp., reha- 
bilitated the Nabob mine in the Pine Creek 
area of the Coeur d’Alene mining district 
and produced a small quantity of zinc. 

Utah production of zinc from three mines 
was 22,481 tons, a 14% increase over that of 
1975. Park City Ventures, a joint venture 
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owned 60% by The Anaconda Company and 
40% by ASARCO, mined 174,888 tons of ore 
at its leased lead-zinc-silver Ontario mine. 
In addition, Park City purchased 12,437 
tons of ore from the Bingham district for 

illing. The milled ore contained 7.4% zinc, 
5.2% lead, and 3.3 ounces of silver per ton. 
A 5-year development and exploration pro- 
gram was underway.* 

Production was reported from one mine 
in Virginia, where production dropped 26%. 
Piedmont Mineral Associates, a joint ven- 
ture of Callahan Mining Corp. (49%) and 
The New Jersey Zinc Co. Mid suspended 
its underground drifting and pro- 
gram at the Cofer mine at Mineral, Va. The 
company believes that high mining costs 
may make the deposit uneconomical. 

Washington reported a significant in- 
crease in production compared with that of 
1975 from its four mines. Ore production at 
the Pend Oreille mine increased about 2596 
over that of 1975. Exploration for additional 
reserves continued.* 

In Maine, the Blue Hill joint venture, 
60% owned by Kerr Addison, Ltd., and 40% 
by Kerramerican, Inc., was the only zinc 
producer. Mine production of recoverable 
zinc was 7,810 tons, a 6% decline from that 
of 1975. Total ore mined was 176,100 tons 
grading 1.2% copper and 5.1% zinc. Be- 
cause of zinc smelter cutbacks, 10,700 tons 
of concentrate was stockpiled. Minable ore 
reserves of 219,000 tons grading 3.2% zinc 
were down 58% from those of 1975. About 
186,000 tons of ore reserves in the Carlton 
area, which were included in the 1975 
figure, were deleted from the reserves fig- 
ure given in 1976, because they were con- 
siderod uneconomic. 

Mine production of zinc from two mines 
in Southwest Wisconsin increased slightly 
compared with that of 1975. Exxon Com- 
pany, U. S.A., a division of Exxon Corp., 
announced the discovery of a massive sul- 
fide deposit near Crandon in northern 
Wisconsin containing 70 million tons of ore 
grading 5% zinc, 1% copper, and lesser 
amounts of lead, gold, and silver. 

Arizona zinc production from nine mines 
was 9,501 tons, up 10% over that of 1975. 
Cyprus Mines Corp. produced 90,278 tons of 
ore grading 13% zinc and 3.54% copper 


5Newmont Mig Cx Im 1976 Annual Report. Pp. 5-6. 
Gulf Resources & Chemical Corp. 1976 Annual Report. 
Pp. 11-12 


Mining Co. 1976 Annual Report. Pp. 6- 
* Park City Mines Co. 1976 aid Report. 


Work clied in fosteda t 
1°Kerr Addison Mines Ltd. 1976 Annual Report. P. 10. 
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from its Cyprus Bruce mine. Proven re- 
serves were established at 128,000 tons. 
Exploratory underground drilling uncover 
ed no significant mineralization." 
Production in Nevada declined 7496 with 
the closing of the Pan American mine near 
Pioche early in the year. Later, The Bunker 
Hill Co. acquired an interest in the mine 
and Caselton concentrator 16 miles away. If 
exploration and development work 
sufficient reserves, full-scale mining oper- 
ations were to begin in 1977. 


τα 5 ΠΠ 
- MES 


U.S. slab zinc production at 6 primary 
plants and 18 secondary plants was 562,410 
tons in 1976, an increase of 1896 over that of 
1975. Primary and secondary metal pro- 
duction at primary plants was 536,479 tons, 
for a capacity utilization of slightly more 
than 8096. The portion of domestic slab zinc 
production from domestic ores was 68%; 
from foreign ore, 21%; and scrap, 1196. Zinc 
produced from foreign ore decreased 10% 
from that of 1975, while production from 
domestic ore increased 24%, and from 
scrap, 1090. Producer stocks at the smelter 
increased from 74,676 tons to 93,898 tons 
during the year. 

Primary slab zinc produced at — 
refineries increased 1196 compared with 
that of 1975 and was 46% of the total slab 
zinc produced. Zinc produced at retort 
plants was up 17% and comprised 43% of 
the total. Redistilled slab zinc from secon- 
dary materials produced at primary smel- 
ters increased 8% and contributed 7% of 
the total, and redistilled slab zinc at secon- 
dary smelters increased 1896 and comprised 
496 of the total. Distribution of slab zinc 
production, by grades was Prime Western, 
4896; Special High Grade, 4296; High Grade, 
5%; Intermediate, 4%; and Brass Special, 
196. 

The new 350-ton-per-day acid plant at 
ASARCO's Corpus Christi, Tex., electrolytic 
zinc plant was almost completed by year- 
end. The company planned to modernize 
the leaching and electrolyte purification 
systems, which would lead to increased 
capacity and operating efficiency. ASAR- 
CO's plans for a 180,000-ton-per-year zinc 
plant in Kentucky advanced when M.I.M. 
Holdings Ltd. of Australia, owned 49% by 
ASAROO, agreed to participate in the ven- 
ture and supply concentrates in proportion 
to its ownership interest. 
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National Zinc Co. completed construction 
of its Bartlesville, Okla., electrolytic plant 
in mid-1976. The new $40 million plant, 
rated at an annual capacity of 56,000 tons of 
slab zinc, replaced the old horizontal retort 
smelter of similar capacity at the same 
location. However, a 3-month strike delayed 
startup until December. The new facility 
makes use of the existing roaster and sulfu- 
rip acid plant. The compeny intends to 
debase its Special High Grade zinc product 
to Prime Western and Continuous Galvaniz- 
ing Grade. The plant was expected to meet 
air and water pollution standards that were 
a major factor in the decision to replace the 
retort smeltor. 

AMAX Zinc co., Inc., completed moderni- 
zation of its Sauget, Ill., electrolytic zinc 
plant with the installation of a new water 
treatment facility. The plant produced 
70,081 tons of zinc compared with 58,060 
tons in 1975." 

Bunker Hill produced 100,000 tons of slab 
zinc, a 7,000-ton increase compared with 
1975 production. The company filed a peti- 
tion in late 1975 for a judicial review of the 
EPA decision to disapprove the Idaho plan 
for control of sulfur dioxide emissions. Bun- 
ker Hill began a long term program of re- 
vegetation of 18,000 acres near the Kellogg 
plant. Bunker Hill and NL Industries Inc. 
terminated their toll agreement on De- 
cember 31, 1975, and Bunker Hill Sales Co., 
Inc., was formed in January to handle sales 
of zinc metal from the Kellogg plant. 

The New Jersey Zinc Co. and Union 
Miniére, 8.Α., of Belgium, broke ground for 
a $977 million, 90,000-ton-per-year zinc plant 
at Clarksville, Tenn., scheduled for comple- 
tion in early 1979. Concentrate from the 
Tennessee mines being developed by the 
partnership will be transported to the plant 
by river barge. 

St. Joe Minerals Corp. was building a zinc 
dust facility at its Monaca, Pa., smelter that 
will have an initial capacity of 6,000 tons 
per year.“ In addition, the company plan- 
ned to spend about $50 million for pollution 
control] at the zinc smelter. Zinc concen- 
trates from the Balmat and Edwards mines 
comprise about one-half of the smelter feed, 


11Cyprus Mines Corp. 1976 Annual Report. P. 7. 
13AMAX Inc. 1976 Annual Report. P. 19. 

Pages 11-18 of work cited in footnote 6. 

149ὲ Joe Minerals Corp. 1976 Annual Report. Pp. 10, 19. 


ZINC 


with the balance being obtained from other 
domestic and foreign suppliers. The com- 
pany stated that energy costs for producing 
zinc had increased 145% since 1974. 

A contract was awarded to St. Joe for the 
design, construction, and operation of a 
facility to test the U.S. Bureau of Mines 
citrate process for removing sulfur from 
Stack emissions. The test facility will be 
built at the powerplant that supplies 
electricity to its electrothermic smelter. St. 
Joe owns the coal mines which supply the 
powerplant. 

Secondary Zinc Smelters.—Zinc recov- 
ered from zinc-bearing scrap was 372,891 
tons in 1976, a 3296 increase compared with 
that recovered in 1975. Zinc-base scrap 
accounted for 5996 of the total compared 
with 5896 in 1975, while zinc recovered from 
copper-base scrap was 4196, the same as in 
19775. Recovery from both new and old scrap 
was higher than that in 1975, with old scrap 
accounting for 26% in 1976 of the total zinc 
recovered from scrap, compared with 27% 
in 1975. Of the total zinc recovered from 
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Scrap, 29% was recovered as zinc metal, 
58% as alloys, mostly brass and bronze, and 
13% as compounds, mostly zinc oxide. 

Slag-Fuming Plants.—Hot and cold lead 
blast furnace slags and residues were pro- 
cessed by slag-fuming plants to produce zinc 
oxide fume. The oxide was either sold and 
used as oxide or sent to smelters and refine- 
ries for processing into metallic zinc. Three 
plants operated in 1976 as in 1975: ASARCO 
at El Paso, Tex., and East Helena, Mont., 
and Bunker Hill, at Kellogg, Idaho. 

Byproduct Sulfuric Acid.—In 1976, seven 
plants roasted zinc sulfide concentrates and 
produced sulfuric acid, with one plant op- 
erating solely to produce calcine for process- 
ing to zinc oxide or slab zinc. In 1976, 
production of byproduct sulfuric acid from 
zinc plants was 799,773 tons, up from 
711,769 tons produced in 1975. 

Zinc Dust.—Production of zinc dust in- 
creased 10% over that of 1975 to 46,358 tons 
in 1976. Zinc dust from distilled scrap 
accounted for 40,471 tons. 


CONSUMPTION AND USES 


In 1976, slab zinc consumption increased 
23% over that of 1975 as a result of the 
economic recovery. Domestic consumption 
of slab zinc was 1,184,141 tons in 1976. The 
zinc content of the ore used directly in 
galvanizing or compounds was 101,241 tons, 
up from 82,732 tons in 1975. The zinc 
content of secondary materials to make 
alloys, zinc dust, and compounds was 
306,508 tons, up from 223,753 tons in 1975. 
Total consumption of zinc for all classes was 
1,541,890 tons, an increase of 25% over that 
of 1975. 

Slab zinc used for galvanizing accounted 
for 433,083 tons (8896); zinc-base alloys, 
421,031 tons (88%); brass products, 166,244 
tons (15%); zinc oxide, 39,027 tons (390); 
rolled zinc, 29,859 tons (8%); and other, 
88,897 tons (896). 

Slab zinc consumption distributed by 
grade was Special High Grade, 551,270 tons 
(49%); High Grade, 111,407 tons (10%); In- 
termediate, 23,204 tons (290); Brass Special, 
104,460 tons (9%); Prime Western, 342,538 
tons (80%); and Remelt, 1,262 tons (0.1%). 
Consumption of all grades of slab zinc 
increased over that of 1975. The most signif- 
icant increases were 34% for High Grade 
and 26% for Special High Grade zinc, while 
the gain for Prime Western was 11%. 

Slab zinc consumed at rolling mills was 
29,859 tons in 1976, an increase of 9% over 


that of 1975. Production of rolled zinc pro- 
ducts increased 13% to 29,874 tons. Strip 
and foil accounted for 75%. Exports of 
wrought zinc increased 39% to 2,271 tons 
and imports decreased from 236 tons to 209 
tons. Production of rolled zinc from scrap 
was 24,630 tons in 1976, yielding a total of 
54,504 tons of rolled zinc during the year, 
compared with 49,878 tons in 1975. 

The leading zinc-consuming States in 
1976 were Illinois with 155,357 tons (14%); 
Ohio, 152,814 tons (13%); Pennsylvania, 
124,991 tons (11%); New York, 119,542 tons, 
(11%); Indiana, 117,070 tons (10%); and 
Michigan, 113,882 tons (10%). These six 
States accounted for 69% of the slab zinc 
consumed, excluding remelt zinc. Ohio 
ranked highest in galvanizing and Michigan 
was the leader in di ing. 

The Zinc Institute Inc. conducted a sur- 
vey of 446 diecasters to determine the mar- 
ket distribution of the 416,450 tons of zinc 
consumed by these companies in 1976. The 
results showed that automotive components 
accounted for 49.6% of the total; builders’ 
hardware, 21%; domestic appliances, 7.3%; 
industrial, agricultural, and commercial 
machinery, 5.7%; electrical components, 
8.9%; sporting goods and toys, 2.4%; scien- 
tific and professional equipment, 1.3%; 
sound and television equipment, 1.2% and 
miscellaneous, 2.6%. 
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ZINC PIGMENTS AND SALTS 


Production.—Production of zinc oxide in 
1976, at 194,481 tons, increased 18% compa- 
rod with that of 1975. Shipments were 2% 
higher than production. The source of do- 
mestic zinc oxide production was 59% from 
ore and concentrate (American process), 
24% from slab zinc (French process), and 
17% from secondary material. Total French 
process zinc oxide, including that from re- 
melt and scrap, was 31% of the total. Lead- 
free zinc oxide was produced at 13 plants in 
the United States and leaded zinc oxide was 
produced at 1 plant. 

Zinc sulfate production, at 34,681 tons 
from nine companies, showed an increase of 
48% as Madison Industries Inc. became a 
significant supplier of zinc chemicals. Zinc 
sulfate production came from secondary 
material and from ore or intermediate pro- 
ducts. Zinc chloride production from five 
companies was 15,241 tons, 11,457 tons of 
which was shipped. 

St. Joe Minerals produced 52,246 tons of 
zinc oxide, up 1196 over that of 1975, and 
ASARCO, with plants at Columbus, Ohio, 
and Hillsboro, Ill., produced 34,100 tons, up 
94% over 1975. New Jersey Zinc also pro- 
duced zinc oxide from ores or concentrates. 
Other major zinc oxide producers, such as 
the Eagle-Picher Industries, Inc., Hillsboro, 
III., plant and the Sherwin-Williams Co., 
Coffeyville, Kans., plant, used calcines, 
fume, and secondary materials as raw mate- 
rials. ASARCO, New Jersey Zinc, and St. 
Joe were the three producers of French 
process zinc oxide from primary slab zinc. 

Consumption and Uses.—The apparent 
consumption of zinc oxide increased 18% in 
1976 to about 213,000 tons. Analysis of 
domestic shipments by industry usage 
showed the largest consumers to be the 
rubber industry with 5396 of the total; 
chemicals, 17%; photocopying, 1296; and 
paints, 8%. The use of zinc oxide increased 
in all categories except photocopying, which 
declined 2% and other, down 29%. Among 
miscellaneous uses, zinc oxide was used in 
floor coverings, fabrics, lubricants, plastics, 
and rayon manufacturing. Agriculture was 
the chief use for zinc sulfate with lesser 


amounts assigned to rayon, flotation reag- 
ents, and chemicals. Leaded zinc oxide was 
used in rubber, and lithopone was used 
mainly in paints. Most of the zinc chloride 
was used in soldering fluxes and batteries. 

Prices.—Effective January 5, U.S. pro- 
ducers lowered prices 1 cent per pound for 
zinc oxide. Prices quoted were 89 to 40 cents 
per pound for American process zinc oxide, 
40.5 cents for French process, 48 to 44 cents 
for electrophotographic grade, and 35.5 
cents for leaded zinc oxide. St. Joe increased 
prices 3 cents per pound in July to 42 cents 
for American process and 48.5 cents for 
French process. The price for electrophoto- 
graphic grade climbed to 45 to 46 cents per 
pound and leaded zinc oxide was quoted at 
89 cents. New Jersey Zinc also increased its 
zinc oxide prices to the same level, citing 
higher labor, production, and energy costs 
as the reason. On October 18, with the 
reduction in the price of zinc, the prices of 
various grades of zinc oxide were also re- 
duced. List prices were 40 cents per pound 
for American process, lead-free, pigment 
grade, 41.5 cents for French process, regu- 
lar, 48 to 44 cents for electrophotographic 
grade, and 88 cents for zinc oxide, leaded, 
1296. The price of zinc sulfate, granular 
monohydrate industrial, 36% zinc, bags in 
car load lots, was reported as $24.00 to 
$26.50 per 100 pounds in December, un- 
changed from a year earlier. The price of 
technical grade zinc chloride, 6090 solution, 
in tank car quantities, was $15.25 per 100 
pounds during the year. 

Foreign Trade.—Exports of zinc oxide 
increased 5696 over those of 1975 to 4,888 
tons, of which 4,261 tons was pigment grade. 
Canada and Mexico received 70% of the 
total. Lithopone exports decreased by 1596 
to 779 tons. Imports of all classes of zinc 
compounds increased in 1976 to a total of 
21,969 tons, a 52% gain. As in 1975, zinc 
oxide was the major component of imports 
of zinc compounds. Mexico and Canada 
supplied 9490 of the zinc oxide; other Eu- 
ropean Economic Community countries con- 
tributed most of the remainder. 
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Figure 4.—Trends in shipment of zinc pigments. 


STOCKS 


Producer Stocks.—Stocks of slab zinc at 
producer plants at the beginning of the year 
were 74,676 tons, increasing to 93,893 tons 
by yearend. The Zinc Institute Inc. reported 
that producer stocks at smelters dropped to 
59,092 at the end of September, but by 
yearend had climbed to the monthly high 
for the year. 


Consumer Stocks.—Slab zinc inventories 
at consumer plants were 107,276 tons at the 
beginning of the year, but by yearend con- 
sumer stocks had risen to 121,154 tons. In 
the January to October period, consumer 
stocks gradually climbed to about 136,000 
tons, but fell off in the last 2 months. 


PRICES 


ASARCO led a price cut of 1.5 to 2 cents 
per pound of zinc on January 5 to 87 cents 
for Prime Western, 37.5 cents for Special 
High Grade and Continuous Galvanizing 
Grade, and 37.25 cents for Controlled Lead 
Grade. Competition from imports was given 
as the major reason for the decline. Other 
domestic producers also | cut prices as did 
foreign producers selling zinc in the United 
States. In April, speculation arose of a price 
increase, but a clause in the agreement 
between GSA and producers on stockpile 
purchases that would have allowed the 
opening of a closed quarter if the price of 


zinc increased dampened the possibility. In 
July, when GSA could no longer sell zinc 
because FPA raised the stockpile goal, the 
possibility of producers being required to 
buy stockpile metal if prices were increased 
was removed. Effective August 3, Texasgulf 
Inc. increased its U.S. price by 8 cents per 
pound across the board. St. Joe, the first 
U.S. company to follow, quoted prices of 40 
cents for Prime Western and High Grade, 
40.25 cents for Controlled Lead, and 40.5 
cents for Continuous Galvanizing Grade. 
ASARCO sold its zinc on a Metals Week 
weighted average of Prime Western metal. 
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Bunker Hill increased its Prime Western 
price by 2 cents per pound, as did ASARCO 
and National Zinc at the end of August. By 
September 1 a two-tier price was in effect 
for Prime Western, High Grade, and Special 
High Grade zinc. By mid-October the de- 
pressed zinc market forced a price cut of 8 
cents, initiated by AMAX, which most com- 
panies made retroactive to the August in- 
crease date. Discounting, price protection, 
and a weak LME price led to the drop. The 
average price of Prime Western zinc in 1976 
was 87.01 cents per pound. 

In May the U.S. Department of Justice 
opened an antitrust investigation into 
pricing practices abroad. The Department 
requested information and documents on 
the European producer price, agreements, 
and sales receipts. Later in the year U.S. 
producers were queried. 

On the LME, zinc prices varied widely 
during the year. The price rose from 31 
cents per pound in January to 37.1 cents in 
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April, higher than the prevailing U.S. price, 
on speculation of a price increase. In May a 
voluntary ban on LME speculative zinc 
accounts, less expectation of a U.S. price 
increase, and the first arrivals of significant 
quantities of North Korean zinc led to a 
decline to 33.6 cents per pound in June. The 
turnover of 483,170 tons of zinc on the LME 
in the first 4 months was 58% above that of 
the same period in 1975. Lifting of the LME 
trading ban and news of GSA contract 
cancellations in the United States started a 
rally to more than 36 cents in midsummer. 

Despite the U.S. price increase in August, 
the LME reportedly was more influenced by 
arrivals of North Korean zinc and the 
accumulation of over 100,000 tons of LME 
Stocks. By November the price had fallen to 
26 cents, but recovered by yearend to almost 
80 cents because producers supported the 
price by allowing customers to purchase 
part of their needs from LME stocks 
through the producer agent. 


FOREIGN TRADE 


Exports of unwrought zinc and alloys 
were 5,106 tons in 1976, a 47% decrease 
from those of 1975. The Netherlands re- 
ceived 56% of the exports; Canada, 19%; 
and Saudi Arabia, 7%. Wrought zinc and 
zinc alloy exports were 9,998 tons in 1976, of 
which 48% went to Belgium-Luxembourg 
and 3396 to Canada. 

Exports of lead and zinc ores and concen- 
trates, which have been reported as a com- 
bined category since 1965, are shown in 
table 32, and a 3-year breakdown of recip- 
ient countries is given in table 33. Exports 
have increased from 484 tons (gross weight) 
in 1965 to 148,787 tons in 1976. 

General imports of zinc in ore were 97,115 
tons in 1976, a decrease of 33% from those 
of 1975. Canada supplied 72% and Hondu- 
ras 17%. Imports from Peru fell 84%. Gen- 
eral imports of zinc metal were 714,489 
tons, an increase of 8896 over those of 1975. 
Canada supplied 4496 of the total; Mexico, 
9%; and West Germany, 7%. Other leading 
suppliers, in decreasing order, were Zaire, 
Belgium-Luxembourg, Australia, and Fin- 
land. Countries that more than doubled 
shipments to the U.S. market over those of 
1975 included France, West Germany, Italy, 
Mexico, Poland, the People's Republic of 


China, Yugoslavia, and Zaire; together, 
these countries provided 31% of the total. 
In 1976, developed market economy coun- 
tries provided 78% of the total, developing 
market economy countries, 1796; and cen- 
trally planned economy countries, 596; com- 
pared with 8596, 1896, and 296, respectively, 
in 1975. 

Imports of concentrate for consumption 
were 155,808 tons in 1976, a decrease of 
428,544 tons from those of 1975 when large 
tonnages were withdrawn from bonded 
warehouses after removal of the tariff on 
concentrates. Metal imports for consump- 
tion were 695,131 tons in 1976, 85% more 
than in 1975. 

The U.S. Department of the Treasury 
investigated charges by U.S. zinc producers 
that a tax rebate allowed by Spanish tax 
laws subsidized zinc exports from that coun- 
try. À finding against Spain could lead to 
the imposition of countervailing duties by 
the United States. 

There were no changes in the basic tariff 
rates in 1976 for slab zinc at 0.7 cent per 
pound, and zinc dust at 0.8 cent per pound. 
The duty rate for unwrought alloys of zinc, 
which include diecasting alloys, was 19% ad 
valorem. 
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WORLD REVIEW 


Preliminary data from the World Bureau 
of Metal Statistics! indicated that the 
world consumption of slab zinc increased 
14% over that of 1975. Western Europe 
gained 17%; Australia, 8%; Japan, 28%; 
and centrally planned economy (CPE) 
. countries, 4%; but Canadian consumption 
fell 10%. Bureau of Mines data showed 
world mine production up 196, and slab zinc 
production up 7%, over 1975 levels. In 
mining, increases were especially noted in 
Brazil, France, Greece, Sweden, the Repub- 
lic of South Africa, and the Republic of 
Korea; Australia, Canada, Mexico, Zaire, 
and Zambia made significant cutbacks. 
Mine production in the CPE countries gain- 
ed 4%. Increases in smelter production 
were prominent in Australia, Canada, 
France, Japan, Spain, the United States, 
and the U.S.S.R. Production in Zambia fell 
because of mechanical problems at the 
smelter. Production in the United Kingdom 
declined owing to a labor strike at the 
Avonmouth smelter that did not end until 
March. Zinc metal production in CPE 
countries increased 2% over that of 1975. 

Stocks in LME warehouses increased 
from 80,772 tons on January 3 to 98,299 tons 
by yearend. Most of the increase occurred 
from April through November, with a fall- 
off in the last month. Producer stocks 
worldwide decreased 7% to about 763,000 
tons during the year. European producers 
held about 257,000 tons; Japanese produ- 
cers, about 201,000 tons; and other coun- 
tries, the remainder. Consumer stocks were 
about 171,000 tons.1* 

World mine capacity increased 322,000 
tons of zinc per year with the opening of the 
Huari-Huari mine (80,000 tons) in Bolivia, 
four new mines or expansions in Canada 
(108,000 tons), the LaPlata mine (3,000 tons) 
in. Ecuador, the Noailhac-Saint Salvy mine 
(28,000 tons) in France, the Balaria mine 
(22,000 tons) in India, six mines (66,000 tons) 
in Peru, the Stekenjokk mine (13,000 tons) 
in Sweden, the Zamanti mine (44,000 tons) 
in Turkey, and the Brskoro mine (23,000 
tons) i in Yugoslavia. Two mines closed, one 
in Canada and one in Australia. 

World smelter capacity for slab zinc in- 
creased slightly to 7.545 million tons per 
year. A new 44,000-ton-per-year electrolytic 
plant was brought onstream by CINKUR 
(Zinc and Lead Metal Industry, Inc.) Tur- 
key. The Ghazaouet smelter in Algeria 
reached its full capacity of 40,000 tons, and 


Española del Zinc, S.A., increased capacity 
of its Cartagena smelter in Spain by 33,000 
tons. In Poland, a capacity reduction of 
29,000 tons took place at the Katowice 
horizontal retort plant. An agreement was 
reached between the Thai Government and 
Thai Zinc Co., Ltd. on the construction of a 
smelter, but formal approval had not been 
received by yearend. 

Australia.—Zinc production from the 
Mount Isa mine in Queensland, operated by 
Mount Isa Mines Ltd., was 123,000 tons, 
down from 126,000 tons in 1975. Reserves at 
the mine were 61 million tons of ore assay- 
ing 6.5% zinc. Development of the new 
Hilton lead-zinc-ilver mine was scaled 
down, where reserves are 41 million tons of 
ore grading 9.6% zinc and 7.7% lead. The 
company planned to begin pilot operations 
at the McArthur River lead-zinc-silver de- 
posit in the Northern Territory." The ore 
body contains proven reserves of 210 million 
tons of ore assaying 9.5% zinc. 

In late 1976 North Broken Hill Holdings 
Ltd. became the holding company for the 
operating subsidiary North Broken Hill 
Ltd. During the fiscal year the company 
mined 491,511 tons of ore grading 9.79% 
zinc, to produce 83,610 tons of zinc concen- 
trate assaying 52.32% with a mill recovery 
rate of 91.2%. The concentrates are smelted 
in Australia.! At the West Coast mine in 
Tasmania, EZ Industries Ltd. produced 
71,509 tons of zinc from ore grading 12.6% 
zinc. The company also treated zinc-rich 
tailings at the site. Reserves were given as 
8.8 million tons of ore grading about 17% 
zinc. Mining of the willemite (zinc silicate) 
ore deposit at Beltana, South Australia, 
continued, with 5,896 tons being shipped to 
the Risdon smelter and 23,346 tons being 
exported. However, the mine was placed on 
standby pending new contracts. Exploration 
of the Elura prospect near Cobar indicated 
a resource of about 24 million tons of lead- 
zinc-silver ore grading about 8.6% zinc. The 
company planned to sink a shaft to obtain 
ore samples for pilot plant testing. 

EZ Industries produced 151,808 tons of 
zinc metal and 7,674 tons of zinc dust from 


World Bureau of Metal Sta tistics (London). World 
Metal Statistics. V. 29, No. 5 August 197, md 

i International Lead and 5 
regi 77 Monthly Bu Bulletin, No. ay δὲ ποεῖ June 197 
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PPiTM LM. Holdings Ltd. 1976 Annual Report. Pp. 4, 7, 30. 
1% Broken Hill Holdings Ltd. 1977 Annual Report. 
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its Risdon smelter in the fiscal year ending 
June 30, 1976. Production at the Cockle 
Creek smelter of Sulfide Corporation Pty. 
Ltd., which operated at about 6596 capacity 
most of the year, was 54,000 tons. Pollution 
control equipment was installed at a cost of 
$2.4 million. The Broken Hill Associated 
Smelters Pty. Ltd. embarked on a $9 million 
pollution control program at its Port Pirie 
smelter, which produced 34,000 tons of zinc 
in 1975. 

St. Joe Minerals, Phelps Dodge Corp., and 
Australian Mining and Smelting will each 
have a one-third interest in the Woodlawn 
zinc-lead-silver-copper deposit in New South 
Wales. The deposit is estimated to contain 
10 million tons of ore averaging 9.1% zinc, 
8.5% lead, 1.8% copper, and 1.8 ounces of 
silver per ton. The cost for the open pit 
mine and mill, which is to be operational in 
1978, is $88 million. 

Minerals, Mining and Metallurgy closed 
its South mine at Broken Hill, New South 
Wales, because of lower ore grades and 
higher costs, but retreatment of old tailings 
will continue. 

Bolivia.—Corporación Minera de Bolivia 
(COMIBOD) produced 37,529 tons of zinc in 
1976, up from 34,963 tons in 1975. A new 
400-ton-per-day plant was installed at the 
Colquiri mine, and a second concentration 
plant to treat the marmatitic ore was under 
construction. The Matilde mine, the largest 
in Bolivia with a mill capacity of 1,100 tons 
per day, produced 23,145 tons of zinc. À new 
shaft was being sunk that was expected to 
increase production significantly in 1977. 
Production began from New Jersey Zinc's 
Huari-Huari mine, where both silver and 
cadmium are found in the ore. 

Canada.—Mine output, at 1,321,500 tons, 
was 3% lower than that of 1975. About 38% 
came from zinc ores, 1896 from copper ores, 
and the balance from mixed ores. Depleted 
reserves forced the closure of one mine, but 
three new mines came into production. Mill 
capacity at yearend was 103,220 tons of ore 
per day. The Sullivan Mining Group Ltd. 
planned to close the Cupra and D'Estrie 
mines in early 1977, which had a combined 
capacity of 1,400 tons per day. 

The leading producing provinces were 
Ontario with 31% of the total zinc pro- 
duction, followed by New Brunswick, 17%; 
Northwest Territories, 1496; Quebec, 1296; 
and British Columbia, 11%. Data for the 
principal producing mines are given in 
table 2. Slab zinc output was 521,200 tons, 
up 1196 over that of 1975. Consumption of 
slab zinc was estimated at 138,000 tons, up 
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slightly over that of 19775. 

Texasgulf Inc. mined about 1.55 million 
tons of ore from the open pit and about 2.05 
million tons from underground workings at 
the Kidd Creek mine in Timmins, Ontario. 
The program to increase mine capacity to 5 
million tons of ore per year by the addition 
of the No. 2 underground mine and fourth 
concentrator circuit was on schedule. Work 
was already in progress to develop the ore 
between the 2,600- and 2,800-foot levels. 

In New Brunswick, Brunswick Mining & 
Smelting Corp. Ltd. continued its expansion 
of the No. 12 mine to increase capacity to 
11,000 tons per day by 1979. The company 
experienced a total operating cost per ton of 
ore milled of $20.06, compared with $15.81 
in 1975 at its No. 12 underground mine. The 
cost was $11.84 at the open pit mine, up 
from $9.83 in 1975. Texasgulf continued 
evaluation work at its Half Mile Lake 
project but deferred sinking an exploration 
Shaft. 


On Baffin Island in the Northwest Terri- 
tories, Nanisivik Mines Ltd., in which 
Texasgulf has a 35% net profits interest, 
began production in September at the Nani- 
sivik mine, which has a capacity of 1,500 
tons of ore per day. Texasgulf continued 
drilling at Izok Lake and estimated that the 
deposit contained 12 million tons of ore 
assaying 13.8% zinc. 

In British Columbia, Northair Mines Ltd. 
began production in March at its gold-lead- 
zinc mine near Brandywine Falls. Concen- 
trate from the 300-ton-per-day mill was 
shipped to Cominco at Trail for smelting. 
Ore reserves were estimated at 460,000 tons 
averaging 3.1% zinc and 2.896 lead. 

Lemoine Mines Ltd., a wholly owned 
subsidiary of Patino Mines (Quebec) Ltd., 
began commercial operation of its mine in 
early 1976. Mattagami Lake Mines, Ltd., 
shipped 76% of its zinc concentrate from 
the Mattagami mine in Quebec to the Val- 
leyfield smelter in Quebec and 24% was 
exported.* Almost 70% of the mill feed 
came from pillars because the major part of 
the stoping sections have been mined to the 
extremities of the ore body. Orchan Mines 
Ltd. supplemented production from the Or- 

main mine with ore from the Norita 
division. Site preparation was begun for 
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development of a low-grade zinc-copper de- 
posit acquired from Phelps Dodge of 
Canada.* 

In Manitoba, ore production by Hudson 
Bay Mining & Smelting Co., Ltd., was 92,333 
tons more than that of 1975 owing to 
improved mining methods and initial pro- 
duction from the Centennial mine in the 
Flin Flon-Snow Lake area. The Schist Lake 
mine closed due to ore depletion. Develop- 
ment work continued on the Centennial and 
Westarm mines.™ Production at the Ruttan 
and Fox mines of Sherritt Gordon Mines 
Ltd. decreased owing to operating problems, 
but the decreases were partially offset by 
higher metallurgical recoveries. Favorable 
results from the underground drilling pro- 
gram at Ruttan led to the decision to mine a 
substantial part of the reserves during 
1979-86. 

Zinc production in the Yukon was ad- 
versely affected by a 169-day strike at the 
Cyprus Anvil mine, where output fell by 
about one-half. A 2-month strike cut pro- 
duction 16% at United Keno Hill Mines 
Ltd.” The evaluation of the Grum zinc-lead- 
silver deposit, in which Kerr Addison held a 
60% interest, was comploted and feasibility 
and ecological studies were underway. 

Texasgulf Canada Ltd. produced 107,700 
tons of zinc metal at its smelter in Ontario, 
up from 93,000 tons in 1975. Cominco Ltd. 
produced 224,000 tons at Trail, British Co- 
lumbia, up from 194,000 tons in 1975. ** 
Canadian Electrolytic Zinc completed a 
50% expansion of its Valleyfield, Quebec 
smelter to a capacity of 225,000 tons per 
year. Production of metal in 1976 was 
125,800 tons, compared with 117,700 tons in 
1975. Hudson Bay Mining & Smelting Co., 
Ltd., produced 60,340 tons of zinc. 

Canadian zinc reserves on January l, 
1976, were given as 31 million tons at the 
producing mines and deposits under devel- 
opment, with the Previnces of New Bruns- 
wick and Ontario containing about one half 
of the total.” 

France.—Sociéte Miniére et Métallur- 
gique de Peñarroya began operations at its 
N t Salvy mine in January. The 
capacity of the mill is 1,300 tons per day to 
produce a concentrate containing 52% zinc 
and 5% lead. The concentrate is moved by 
road and rail to Peñarroya’s Imperial Smel- 
ting furnace at Noyelles-Godault. 

Honduras.—Production from the El Mo- 
chito mine of Rosario Resources Corp. was 
353,907 tons grading 8.3896 zinc, 7.26% lead, 
and 9.68 ounces silver per ton, and contain- 
ing minor quantities of gold.“ Zinc in con- 
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centrates was 24,063 tons. Reserves decreas- 
ed 155,000 tons to 1.51 million tons aver- 
aging 8.1696 zinc and 4.8496 lead. 

Ireland.—Tara Mines Ltd. completed con- 
struction of the mine site surface and ore 
treatment facilities at its Navan zinc-lead 
mine, and crushed ore was hoisted to the 
surface for stockpiling. The mine was er- 
pected to provide about 2.5 million tons of 
ore per year to the 7,500-ton-per-day concen- 
trator during the 25-year lease. About 
440,000 tons of zinc concentrates and 80,000 
tons of lead concentrates were to be expor- 
ted to nine European smelters under con- 
tracts that provided for diversion of the 
concentrate to an Irish smelter, should one 
be built. Ore reserves total about 67 million 
tons grading 11% zinc and 2.4% lead. . 

Irish Base Metals, a subsidiary of North- 
gate Exploration Ltd., treated 594,823 tons 
of ore from the Tynagh mine, County Gal- 
way. The ore grade was 3.02% zinc, com- 
pared with 4.27% in 1975. Metallurgical 
recovery of zinc was 77%, down from 80% 
in 1975. Direct operating costs per ton of ore 
mined during 1976 were $12.02, down from 
$13.78 in 1975. Ore reserves were given at 
2.8 million tons assaying 3.89% lead, 3.75% 
zinc, 0.18% copper, and 0.9 ounce of silver 
per ton. Sufficient diamond drilling was 
completed to establish ore reserves over the 
full extent of Zone III. At the Tatestown 
zinc-lead prospect in the Navan area, 
Northgate indicated the possibility of a 1.6- 
million-ton deposit containing close to 7% 
combined zinc and lead.** 

Mogul of Ireland Ltd., of which Kerr 
Addison bought 75% interest in 1976, mined 
1 million tons of ore grading 6.26% zinc and 
2.27% lead.** Operating costs increased 18% 
over those of 1975, with energy costs in- 
creasing 24%. Metal recovery of zinc was 
87%. Ore reserves after dilution were 5 
million tons grading 6.05% zinc and 2.57% 
lead. 


**Noranda Mines Ltd. 1976 Annual Report. P. 35. 
35 Hudson Bay Mining & Smelting Co., Ltd. 1976 Annual 


Pp. 
— € Gordon Mines Ltd. 1976 Annual Report. 


sad 3 Nickel Mines Ltd. 1976 Annual Report. 
seCominco Ltd. 1976 Annual Report. P. 8. 
39 Page 20 of work cited in footnote 
. 1976 Annual Report. Pp. 54 
*!Tara οσους Development Co. 1976 Annual 


Report. Pp. 5-8 
oe Northgate Exploration Ltd. 1976 Annual Report. Pp. 
3*Silvermines Ltd. 1976 Annual Report. Pp. 18-19. 
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Japan.—Japanese zinc metal producers 
operated at about 75% capacity in 1976, 
turning out 818,000 tons of metal compared 
with 778,600 tons in 1975. A stockpile pro- 
gram to stabilize supply and contribute to 
national security was begun with Govern- 
ment support for several metals including 
zinc. By October, 18,228 tons of zinc metal 
had been purchased from domestic refiners. 
Mitsui Mining & Smelting Co., Ltd., and 
Sumitomo Metal Mining Co. began toll- 
refining zinc concentrates from Mt. Isa in 
Australia for ASARCO. The arrangement 
utilized excess Japanese capacity and made 
up for some of the metal loss experienced by 
ASARCO when it closed its Amarillo, Tex., 
smelter in 1975. 

Korea, Republic 0of.—A  55,000-ton-per- 
year electrolytic zinc plant was being con- 
structed at Onsan by Korea Zinc Co., with 
technical assistance from Toho Zinc Co. of 
Japan. When completed in late 1977, the 
plant will use concentrates from the Renka 
mine and from Toho zinc purchases. 

Mexico.—Industrial Minera Mexico, S.A., 
completed * — programs at the San 
Martin and Charcas mines, where capaci- 
ties were increased 85% and 30%, re- 
spectively. The first phase of an ion 
plan to increase capacity of the Santa Bar- 
bara mine by 25% was almost completed. 
The expanded Taxco mine became fully 
operational in 1976. Zinc production of In- 
dustrial Minera was 146,700 tons compared 
with 127,300 tons in 1975.“ 

Nicaragua.—Neptune Mining Co., owned 
51.8% by ASARCO, treated 182,632 tons of 
ore averaging 9.1% zinc and 0.8% lead.* 
Reserves were estimated at 1.16 million 
tons grading 8.61% zinc, and 1.15% lead, 
pice lesser amounts of copper, silver, and 
gold. 

Peru.—Minero Perü signed a contract 
with Sybetra of Belgium for the construc- 
tion of a 110,000-ton-per-year zinc refinery 

. to be built at Cajamarquilla at a cost of $200 
million. Centromin, through its Casapalca, 
Cerro, Morococha, San Cristobal, and Yau- 
ricocha mines, was the country's major zinc 
producer. Work began at the La Oroya zinc 
plant to increase its capacity to 99,000 tons 
per year. The Puquio Cocha mine closed 
after 70 years owing to depletion of its 
copper-silver-zinc ore. The principal zinc 
producing mines, in order of quantity pro- 
duced, were San Ignacio, Sta. Luisa, Hua- 
ron, Santander, Atacocha, Milpo, Volcan, 
Raura, Gran Bretaña, and Madrigal. 
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Cía. Minerales Santander, Inc., a subeid- 
iary of St. Joe Minerals Corp., produced 
44,089 tons of zinc concentrate for expert, 
down from 49,108 tons in 1975. 

Cia. Minera del Madrigal, a division of 
Homestake Mining Co., milled 277,873 tons 
of copper-lead-zinc ore to produce 19,249 
tons of zinc concentrate.“ The capacity of 
the plant was being increased from 770 tons 
to about 1,100 tons per day. Ore reserves 
totaled 1.2 million tons grading 596 zinc, 
2.6% lead, and 1.5% copper. ASARCO, 
through Northern Peru Mining Corp., pro- 
duced 6,200 tons of zinc from the Quiruvilca 
mine. 

South Africa, Republic of.—Prieska Cop- 
per Mines (Pty.) Ltd., the sole zinc producer, 
milled 2.4 million tons of ore containing 
8.5596 zinc to produce 165,261 tons of con- 
centrate containing 52.496 zinc. The com- 
pany sold its concentrate for domestic con- 
sumption to Zinc Corp. of South Africa 
(ZINCOR), and exported concentrate under 
contract to Metallgesellschaft. Most of ZIN- 
COR's imported concentrate for its smelter 
feed came from Canada and Australia. 

Phelps Dodge Corp. reported that one of 
its three ore bodies at Aggeneys in northern 
Cape Province could be developed as an 
underground rather than open pit mine. 
Ore reserves minable by underground me- 
thods were estimated at 38 million tons, 
averaging 6.35% lead, 2.85% zinc, 0.45% 
copper, and 2.6 ounces of silver per ton.“ 

Newmont Mining Corp. and O'okiep Cop- 
per Co. Ltd. continued metallurgical testing 
and underground work on the Gamsburg 
zinc deposit in Cape Province. A total of 
8,878 tons of ore was tested in the 50-ton- 
per-day pilot plant. The presence of man- 
ganese in the concentrates was successfully 
controlled in electrolytic refining.” 

South-West Africa, Territory of.—At the 
Tsumeb mine, Tsumeb Corp. Ltd. mined 
and milled 488,796 tons of ore grading 
2.39% zinc, 9.04% lead, and 4.25% copper, a 
slight increase compared with 1975 pro- 
duction. Zinc in concentrates was 2,000 
tons. Ore reserves at the mine at yearend 
were estimated at 5.2 million tons contain- 
ing 7.48% lead, 4.53% copper, and 1.96% 
zinc.“ 


3*Pages 16 and 18 of work cited in footnote 3. 
Page 12 of work cited in footnote 8. 
39 Page 20 of work cited in footnote 4. 
37Phelps Dodge Corp. 1976 Annual Report. Pp. 8-9 
3*0'okeip Copper Company Ltd. 1976 Annual Report. P. 
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TECHNOLOGY 


Studies on the activation of sphalerite 
during flotation were pursued at the Bu- 
reau of Mines College Park Metallurgy 
Research Center.* The reduction of zinc 
sulfide concentrates with iron was demon- 
strated to be technically feasible on a semi- 
continuous bench-scale operation at the Al- 
bany Metallurgy Research Center. Work 
continued at the Reno Metallurgy Research 
Center on the fused salt electrolysis of zinc 
chloride to produce zinc and recycle the 
chlorine.“ 

AMAX began using a technique for pre- 
leaching zinc concentrate from dolomitic 
limestone ores at its Sauget, Π]., refinery. 
Preleaching in weak sulfuric acid prevents 
buildup of magnesium in the electrolyte.* A 
new acid leach process was developed for 
treating zinc silicate ores so that the silica 
can be easily separated from the solution.“ 
A study was done on the sphalerite content 
of coals from the Illinois Basin and it was 
found that the zinc content was as high as 
5,850 parts per million and cadmium, as 
high as 65 parts per million. The sphalerite 
was readily removed from the coal by 
washing.“ | 

An evaluation was made of the capital 
requirements to expand U.S. primary met- 
als production capacity, and the factors 
which influence costs and prices. For zinc 
the average construction cost per ton of 


capacity per year was $1,600 for a 50,000. 
ton-per-year piani operating costs for min- 
ing, milling, and refining were estimated at 
19 cents per pound.“ 

Α comprehensive coverage of zinc-related 
investigations and an extensive roview of 
current world literature on the uses of zinc 
and its products are contained in bimonthly 
issues of the 1976 Zinc Abstracts published 
by the Zinc Institute Inc., 292 Madison 
Avenue, New York, N. Y. 10017, and pro- 
vided free of charge. 

Progress reports of the projects supported 
by the International Lead Zinc Research 
Organization, Inc., are released annually in 
the ILZRO Research h Digest. 


“Maust, E. E. Jr., and P. E. Richardson. ο... 
tions of the Activation of Sphalerite for 


Considera 
tion. ο ον. s 22 pp. 

ene P. L. Oden, and T. T. Campbell. 
1978, ως Zine Sulfd With Iron. BuMines RI 8114. 


«μονος F. P. D. E. Shanks, D. L. Bixby, and M. M. 
Wong. Recovery of Zinc From Zinc Chloride by Fused-Salt 


Table 3.—Mine production of recoverable zinc in the United States, by State 


(Short tons) 
State 1972 1978 1974 1975 1976 
APHOBR u. u ᷑ ⁵ k 10,111 8,421 9,699 8,655 9,501 
California l2-2- 1,202 20 8 206 170 
Colorado ..---------------------- 63,801 49,489 48,460 50,621 
ldaho ⁰iw . 88,647 46,107 89,469 40,926 586 
e . erede eoe 11.878 4.104 W W 
Kentucky 444444444 1.780 213 ως. 41 59 
Mit sacra K eee 5,820 19,640 10,425 8,318 7,810 
aed ei ed iE acs 88 61,928 850 91,987 74,867 88,590 
Montana .........-- -.-.-.-.-..-..-.-..-. -.. -. -..-..-.. S S O -.. -.. -.. 12 79 136 110 64 
cM E ORC — -- 8,405 5,496 1,438 
New Jersey _ ο K 88 096 a 82,848 81,105 33,767 
ο ος ο ο ο 12,785 12,827 18,784 11,015 W 
New York ..---------------------- 60,749 81,455 077 76,612 13,671 
TCC ο oa mde 18,844 18,857 20,288 1,090 
Tennesse sss «„ 101,722 64,172 85,671 83,293 82,512 
Utah ˙ ð . cem 8 21,853 800 12,619 19,640 22,481 
ναι ο ατα d pem eiie 16,789 16,683 17,195 15,151 11,241 
Washington ..:.......---------------ᾱ------------ ,483 6,878 6,909 w W 
Wisconsin e ee eee a ede 6,873 8,672 8,781 W W 
Other States ................-..-..-..-..--.--.---------------------- ------ SM REN 23 24,310 88,782 
1J/%!ÜÜ*dinndn ο a uD. mu 478,318 478,850 1499,872 469,355 484,513 


W Withheld to avoid disclosing company confidential data, car περα with “Other States.” 


1 Data do not add to total shown because of independent 
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Table 4.—Mine production of recoverable zinc in the United States, by month 


(Short tons) 
Month 1975 1976 Month 1975 1978 
HM 108 40404 August 39,141 37,165 
Wrap s s 39129 41682 Septembar -------2-2221 ; 

C 41562 42362 Oder 623 
M FCC 40 41,199 Nowemb err 86,855 89,578 

ΓΞ 40260 — 41738 December... . . — πι — 38794 
If; 39492 41,12 Lell... 409,955 — 484,513 
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Table 6.—Twenty-five leading zinc-producing mines in the United States in 1976, 
in order of output 

Rank Mine County and State Operator 
1 Balmat ______ St. Lawrence, ΝΥ... St. Joe Minerals Corp 
2 Buck Iron, Mo Lead Co. of 
8 Sterling Sussex, N.!) New Jersey Zinc Co 
Š ies Sasa Pa___________ New J Fine zr 
Š „ o ee 
7 Star Unit „Idaho The Dunker HILO: 
8 Young g Tenn ASARCO Incorporated 
10 Leadvillse _ _ _ Lake, Colo FCC M ο 

Eagle .. FEET ew Zinc Co 
11 New Market J Tenn Incorporated 
12 nud ο ο Tenn 2499. sn 
18 Oreille ___ Pend Oreille, Wag Bunker Hill Co 
14 Ontario it, Uta Park City Ventures 
15 Hog rant, N. Men 
16 „ Wythe, aas New Jersey Zinc Co 
17 Zinc Mine Works Jefferson, Tenn United States Steel 
18 Burgin _ _ _ Utah, Utah___________ cott Copper Corp 
19 Idarado ...... Ouray, and San Miguel, Colo Idarado Mining Co 

Magmont _ _ _ _ _ Mos: o scc: American Inc 
21 Bruce _______ Yavapai, Aris i ok ο Copper 
22 Jefferson City — Jefferson, Tenn ________ New Jersey Ziric Co _ _ 
28 B wes Reynolds, Mo St. Joe Minerals Ls 
24 Blue Hill ____ _ Maine ican Ine 
25 Edwards St. Lawrence, N. 11 St. Joe Minerals Corp 


Table 7.—- Primary and redistilled secondary slab zinc produced in the United States! 


(Short tons) 
1972 1978 1974 1975 1976 

Pon dau EI EE 400 $99,119 346,993 99 —— 881,872 
From foreign Οτ68..........-.-------------- ------------------- 282,211 184,860 208,195 180,092 116,983 
Tol l.c LL ο οι. 633,1 588,479 555,188 488,051 498,855 
Redistilled secondary 73,718 83,187 7 57 63,555 

Total (excludes zinc recovered 
by remelting) dg 706,898 ` 666,666 633,723 495,937 562,410 

1Excludes processed GSA zinc. 


Table 8.—Distilled and electrolytic zinc, primary and secondary, produced in 
the United States, by method of reduction 


(Short tons) 
Method of reduction 1972 
El ic primar 259,816 
eee ανα 3 Renean 
At primary smelters sss 
At secondary melter s 10684 


1974 


221,430 
821,168 
56,842 
22,193 
633,723 
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Table 9.—Distilled and electrolytic zinc, primary and secondary, produced in 


the United States, by grade 
(Short tons) 

Grade 1972 - 1918 1974 1975 1976 
qvx 8004 27 277, 17 
rr!!! 8 4 2 24512 ΠΕΡ BESTS 
me ο το τπτ 76,954 60,084 29 854 p 1,514 

PE ERA R AE E REE ARRAS 9817985 266828 — 807275 216,163 
αι. πμ μονος 706,898 666,666 633,723 495987 — 562410 


Table 10.—Primary slab zinc produced in the United States, by State where smelted 


(Short tons) 
State 1972 1978 1974 1975 1976 
Idaho iue ⁰—¹ͥ iA LEE 101,748 98,821 92,821 92,800 100, 
Iiir eR mE C "S 26,616 55,521 55,891 δ 206 
Montana ..............-.-.-.-- ---.---.-..-.-. -.-.-.-. -.-.-. -.-.. -.. 69,754 dm . -- ees 
— UA P E ma 
f o ο δε 136,661 129,971 128,262 108,068 88,724 
Teétal uec tc ο κκ» 683,180 588,479 555,188 488,051 498, 855 
Table 11.— Annual slab zinc capacity of primary zinc plants in the 
United States in 1976 
Type of plant Plant location — 
(short tons) 
Electrolytic plants: 
ος Ang Cs, Inc Mu ns Sauget, Il 84, 
J ENS Corpus Christi, en 7108,000 
Bunker Hill ob- Kellogg, Ιἀαπο..................-.-.. 104,000 
Horizontal-retort plants: National Zine Co.!!! Bartlesville, Okla ............... 56, 
Vertical-retort plants: 
New Jersey Zinc Co ..............-..-------------------------------- Palmerton, fa 118,000 
St. Joe Minerals Corr 444 Monaca, fra 190,000 
FRevised. 
1Closed in mid-1976 and replaced by electrolytic plant of equivalent capacity. 
Table 12.—Secondary slab zinc plants, by group capacity, in the 
United States in 1976 
Company Plant location — 
ca 
(short tons) 
ene Seins & Refining Works 55 NN K a 
F 9050 5 Ῥω. ------ 
enen I H Ίπα.........---------ς.---ο-- 
Hugo Neu-Proler Co .........-.------------------------- Island, Calif |... - 
Illinois ting & Refining Co Chicago, III 48.500 
New Smoking Works Inc- MAP ὃς West Mass_____________ 
Peerless Alloy ne Demver,Colo___________________ 
Proler In mon op ities Howton, DOR -auha 
Schiabo Neu Co __ Jersey City, NJ J) 


ZINC 1431 


Table 13.—Stocks and consumption of new and old zinc scrap 


in the United States in 1976 
(Short tons, zinc content) 
d of scrap = | Jan. 1 Receipts New Old 
τα = scrap scrap Total Dec. 31 
5 54 1,221 953 953 
ew CHUDDIDZES ....... . = = ~~... . m m am a = 
Old ing „ 623 9,133 rm 9,299 9,299 451 
Remelt zinc ___________________ MR 8,948 8,210 e 8,210 
Engravers’ plates 230 1,269 s 1,406 1,406 98 
od and die scrap .........------------------------- 1,050 5,594 E 5,262 1,882 
FFF 111 180082 — 1557 ἘΠ h 
Remelt dis cast ld 1004 11.445 — 11966 11966 487 
Skimmings and asbees 711,797 52,906 48,251 IE 48,251 15,852 
8 μα τς E EE 1,600 5,852 5,961 i 1 1,491 
Galvanizers’ drus rl. 55,078 56,614 -- 56,614 19,689 
Flue dust eee ο ος ο um 218 6,756 6,549 xis 
ical residues Ead 8,025 8,025 € 8,025 "e 
Other! 15 137 148 ες 148 
Total. 740,382 199,984 125,736 71,662 191,898 42918 
Chemical plant, foundries, and 
New clippings 1 1 1 
ew Clippings’ .. . — — = — — — — — — — — — m — — — TR = ees 
Old ine 15. 29 -- 35 35 9 
Rod and die scrap ..............----.-.---.----. 10 85 m 87 87 8 
STN u o K 6 573 5 540 540 39 
Skimmings and ashes Το 546 5,260 4,154 ως 4,154 8,062 
%%% 8 11,572 4,625 4,995 —— 4,995 1,002 
Flue du 128 1,496 1,611 __ 1,611 13 
j ues __ _ .. -.-.-- 4,824 1 11,004 RE 11,004 2.966 
Total------------------——- tg 902 21,214 22,365 662 28,027 7,089 
All classes of consumers: 
New clippings _.________________ 55 1,221 954 __ 954 822 
Oldszinc______________________ 688 9,162 bis 9,984 9,984 466 
tine Ain 9,948 3,210 KE 8,270 678 
1 plates oon 290 1,269 =s 1,406 1,406 
and die scrap________________ 1,060 5,679 __ 5,849 5,849 890 
ιο... ο ο 141 150065 — 16.57 15587 889 
Remelt die- cast alad 1,004 11,449 Ma 11,966 11,966 
Skimmings and ashes _.__________- 714,348 57,566 53,005 -- 53,005 18,904 
Sal skimmings _________________ 71,559 5,447 5,960 a. 5 1,046 
Die-cast skimmings_._____________ 1,600 5,852 5,961 a 5,961 1,491 
Galvanizers’ dros 121 55,078 56,614 ΝΗ 56,614 19,689 
Flue dut 346 8,160 E 8,160 
ical residues 4,824 12,171 14,029 Kis 2.966 
[0 4,7. uu FUN ee 15 148 seen 4 
( ee σ» 749,284 221,148 148,101 12,824 220,425 50,007 
"Revised. 


(Short tons) 
Products 1972 1973 1974 1975 1976 
i SING o eee ee 73,118 83,187 78,585 57,886 68,555 
Zine dust v a LL LL ELE , 53 29,939 85,479 40,471 
Remelt zinc — .— S s ꝛ˙³ r.. ec 5, à 898 842 
VVV 13 48s 4 40 70049 
and die casting aligys .....----------------------------------- , , 9 , 9 

5 m τοτε E 872 670 872 1,435 2,486 

Secondary zinc in chemical products ~- ------------- 50,047 56,591 56,275 732,966 48,981 
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Table 15.—Zinc m from scrap and orm af rec in the United States, by kind 
recovery 
Kind of scrap 1975 1976 Form of recovery 1975 1976 
Bb o 108,818 — 147,888 E illati 
er e iue | aaa 57,896 68,565 
Aluminum base .- TM Zinc duet 85479 40,471 
A 178 104 By ing -------- 1,562 2828 
T1 206,462 277,499 Total- u ααᾶς 94,927 106,854 
Old alloys _._________ 9 11,688 
Zino base το οὐ σος όσα: 56,605 71,117 In and bronze ............... -.-. -. 1457009 
Copper base 19,686 764 In aluminum-base alloys _  _ _ _ _ 881 814 
Aluminum dase 240 282 ln magnesium base alloys _ _ _ _ _ _ 898 840 
F 208 229 ln chemical products: 
Total 76789 96.392 Zinc oxide (lead free)) _ _ _ _ _ _ 19829 26,069 
Grand total 283,201 — 872,891 Zinc sulfate _____________ 4873 8,724 
Zinc chloride 8898 18,862 
35 TS 2 866 510 
Totaal 188,274 206,087 
Grand total ο... 283,201 372,891 
Includes zinc content of redistilled slab made from remelt die-cast slab. 
Table 16.—Zinc dust produced in the United States 
Quanti- Value 
tona) (thousande) pound 
πο κτλ ο ------- 69 668 908 
οι ο το τος ος y ο ας ώς: 53.184 29275 5251 
Pn! ˙ AO I ιο. κ... -- 50,775 46,898 A51 
; ²˙ A ²⁵ ο v ας 49 740,294 418 
| TZ c 2 D Sus 45,282 .488 
"Revised. 
Table 17.—Consumption of zinc in the United States 
(Short tons) 
1972 1978 1974 1975 1976 
Ze oo ee c E 1,418,849 1,508,988 1,287,696 925,890 1,184,141 
Ores (zinc content: i 118,906 129,651 121,118 82,782 101,241 
(sinc content 807,869 298,886 258,204 228,758 906,508 
το. ος E iu e eel 1,844,028 1,981,925 1,678,018 1,281,815 1,541,890 
1Includes ore used directly in galvanizing. 


*Excludes redistilled slab and remelt zinc. 
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Table 18.—Slab zinc consumption in the United States, by industry use 


(Short tons) 
Industry and product 1972 1973 1974 1975 
Gal 
Sheet and strip ο... „ 294,205 821,927 291,008 185,795 
Wire and wire ro re 30,769 15 21,51 
Tubes and pipe __.______________ 64,549 68,048 59,995 47,180 
Fittings (for tube and pipebh -. -. -.... 11,106 11,969 9,294 6,359 
Tanks and containers 3,645 2,941 8,203 1,917 
Structural shapes 20,302 21,714 86,784 41,235 
Fasteners ____________________ 4,810 : 5, 703 4,426 
Pole-line hardware 8,437 193 6,783 4,934 
Fencing, wire cloth, and mid 3 21,995 25,418 26,284 20,051 
unspecified uses ; : 56,636 40, 
r a LL 518,204 563,837 523,269 376,887 
Brass products: 
Sheet, strip, plate - 105, 405 109,582 99,971 64,958 
Rod and wire 63,143 68,164 517,125 83,415 
%;õ§ĩ¹¹ con πμ ανα. 8,886 10,858 9,930 6,451 
Castings and billets 6,840 6,000 4,431 3,079 
opp ingots ..........-..-.-.-.-..-..---..-. -.. 7,187 6,895 8,244 6,623 
r copper-base products... 786 1,151 1.262 800 
1//·’—:'7 ο ̃ ⁰⁰ unm 192,147 197,650 181,563 115,326 
Zinc-base alloy: 
i i dall πι μμ ωπψο η 566,932 598,725 436,377 830,1 
Dies and red allo _ 56 111 149 
Slush and sand casting allo: ~~ 12,778 11,770 8,498 8,852 
Total. . ꝛ˙ ir em 579,761 610,606 440,259 834,191 
Rolled zine᷑ --.---------------- --. 45,216 40,168 $9,393 27,308 
Zinc oxide 51.992 61,734 65,876 89,020 
Light-metal alloys __ _ _ -.-- -. 6,800 7,466 9,690 5,832 
JJ) 8 24.729 21,882 28,146 26,166 
Total mmn 31,029 29,348 87,836 82,598 
Grandtotal_________________ 1.418349 1,508988 1,287,096 925,930 
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Q 
a 


Seeds 
883888888 


S 
288 


483,083 


1,184,141 


1Includes zinc used in making zinc dust, wet batteries, desilverizing lead, powder, alloys, chemicals, castings, and 


miscellaneous uses not elsewhere mentioned. 


Table 19.—Slab zinc consumption in the United States in 1976, 


by grade and industry use 
(Short tons) 
S ° 
: h Inter- Brass Prim 
Ines Tien Grade mediate Special Western Remelt 
ing 25,601 18,693 11,088 102,344 274,505 852 
Brass and bronze ________ ,206 21 2,086 ,403 193 
Zino base alloys _________ 424,915 1, μα 801 217 
Rolled inne 17,698 66 12,095 m Jan d 
Zinc oxide 17,615 ES FOR NR 21,352 m 
Other __ se 14, 175 5,115 τα 30 18,977 ds 
Total 551,270 111,407 29,204 104,460 342,588 1,262 


Includes select grade. 


1,184,141 


1434 MINERALS YEARBOOK, 1976 


Table 20.—Rolled zinc produced and quantity available for consumption 
in the United States 


1975 1976 
— NN Valus 
Total Average Total Average 
—— (thou- per ort (thou- per 
sands) pound sands) pound 
n od late 2,898 $3,461 $0.598 W W W 
ον platt ; 
Strip . OE 21,010 722,162 r 542 22,259 $24,498 $0.550 
Total rolled ine 726,450 781,217 r. 589 29,814 83,482 560 
ας ος ew, 8 1,629 2,086 ; 2,271 2,817 820 
Inporis . ο 22 507 1.074 392 958 
Available for consumption 724,888 te e 29,058 a MR 


‘Revised. w nt net production. In addon, 22188 mne n IU and 34 80 tata in 1976 were τ "τὰ 

t net ο. tons in tons in were rero. scra 
5 addition, from p 
adas other plaia over 0.318 Inch ck aet aine loas than OS iach thick, and rod and wire. Bureau of Mines not 


at liberty to 


Table 21.—Slab zinc ο. in a nee States in 1976, 


by industry and 
(Short tons) 
State Galvanizers Die Other? Total 
mills? casters? 

Alabama __ _ _ _ 81,601 w FEET w 84,096 
Arizona... Eon "en ΠΕ W W 
Arkansas ..........-. -.-. -.-- ---- -.-- -.-.-. -.-. W Ὅς W 4,619 
Californian 82,642 3,282 W W 162 
Coloradloſ «4 = > w w 1,638 

Connecticut ............-..------------------ 8,072 25,598 W w 
Delaware. w c w w 
Florida -eneen ii e T" d vs 
Hawai ..............---------------.------------- W = i PM W 
A ˙·ä A ce cl i w w w 
Illinois __ _ σας 54,878 25,132 69,292 5,460 155,957 
Indiana l D L J T SSD esca 51,680 W W 117,070 
νι o eee Seas 540 da W W 1,909 
ως z ο κ ο ας a W W W W 
Kentucky .......-.--------------------------- W W PM w w 
Louisiana ...........---------------------------- 8,869 ο W W 4,991 
Maine «4 W i NN a W 
Maryland ..................--------------------- W n Pou W 18,450 
Μαμομιοῖα----------------- 2969 1.0 10 808 Ww 556 
eee 1200 a ex nd 122 

Mississippi __ - _ ---2----- "t ΒΡ σα 
Missouri ου. υπο μον κ μμ NEU EUR 7,584 W W 11,852 
Nebraska 7,168 w MON w. 7,180 
New Jersey ......-....---------.-------------- 2,109 4,696 W w 18,719 
New Vorrk.:ʒKkk 12,517 85,992 W 119,542 
North Carolina w me" W S W 
Olid oe ee eee eredi a ee 68,298 78,718 W 152,814 
Oklahoma w zu 2 w 4,114 
Pennsylvania ___ 58092 7 898 W W 124.91 

nnsylv ani 

ode Is lang W w s w w 
South Carolina W ος ας. E W 
Tennessee W e W W W 
TOXNM 252 ⁊¼vx d uy S 15,821 Ww W 1.816 48,420 
Utah 4.2 gs k ĩv c W w n ENIM w 
Virginie w w w 264 922 
Washington ------------------ w = = W 199 
T Q ο aire 2 ο ie EEE 856 W 7 w 18,873 
Undistributed .......... - -.- --------.-.-- 13,152 19,426 99,834 100,248 61,004 
Total, aem Se 432,231 166,051 426,814 107,788 1,182,879 


W Withheld to avoid s: individual company confidential data; included with ‘Undistributed.‘ 
1Includes brass mills, brass agot makai; aad sedes 

Ancludes producers οἵ zinc-base alloy for diecastings, stamping dies, and rods. 

*Includes slab zinc used in rolled zinc products and in sinc oxide. 

*Excludes remelt zinc. 
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Table 22.—Production and shipments of zinc pigments and compounds! in the 
United States 


1975 1976 
Shipments Shipments 
Pigment or iia Qum I Value? Produc- Quan Value? 
(short Tota] A (short 
tons) (hort (thou- "e tons) (short (thou- "n 
tons) sands) ton tons) sands) ton 

Zinc oxide 165,400 169,485 $122,158 $721 194,481 198,078 186,447 
Zinc sulfate 28,492 5,800 247 84,681 34.344 ; 10096 24 
Zinc chloride, 508 W W W W 82,026 25,184 W W 


W Withheld to avoid disclosing individual company confidential data. 
1Excludes leaded zinc oxide and lithopone. 

*Value at plant, exclusive of container. 

Zinc oxide containing 5% or more lead is classed as leaded zinc oxide. 
“Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 


Table 23.—Zinc content of zinc pigments! and compounds produced by domestic 


manufacturers, by source 
(Short tons) 
1975 1976 
Zinc in pigments and com- Total Zinc in pigments and com- Total 
Pigment or pounds produced from— zinc in pounds produced from— zinc in 
compound | Secon- E Secon- mente 
Ore Slab dary and Ore Slab and 
zinc mate- com- zinc mate- com- 
rial pounds rial pounds 
Zinc oxide 14,148 38,858 19,829 182,830 91,899 88,166 26,069 155,684 
Zinc sulfate ....... 1,789 NR 4,818 16,112 1,736 En 11,861 18,597 


Zinc chloride! M zc w w E — 10,684 10,684 
"Revised. W Withheld to avoid disclosing individual company confidential data. 


1Excludes leaded zinc oxide, zinc sulfide, and lithopone. 
*Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 


Table 24.—Distribution of zinc oxide shipments, by industry 


(Short tons) 

Industry 1972 1973 1974 1975 1976 
N õ;·’ẽ ᷣ ³ c ] .. s eed. 129,170 129,462 108,976 96,209 104,669 
Pal. ———— AA km 888 21,244 26,115 17,029 11,016 15,699 
Pw!!! v EMT 10,702 11,678 12,177 433 
111111!!! 22,781 26,187 85,167 17,544 88,186 
Apiculture MEERE NOE TSE C 1,101 2,044 ,066 1,847 8,481 
J ͥ A L= ZZ 190 88,124 84,571 24,641 24,149 
Othep — o ::: ĩ v SS ul ola 18,679 18,623 18,550 11,922 8,461 
PP L L mmu eic Lcid 245,867 252,883 232,542 169,485 198,078 


(Short tons) 
Agriculture Other: Total 
Year G G 
weight (η, weight bal. weight τα 

NOT SL τε ³%Ü A ma 10,496 8,602 29, 25,985 89,595 84,587 
ööĩÄ—w¹ᷣw m; 8 13,909 8,353 31,288 24,902 45,197 33,255 
1914 ] ͤ “.. EE ETRE ars 14,508 8,677 29,627 18,245 44,185 26,922 
ο ο ο E 6! ðͤ cs red a ed E EATE 8,470 3,579 15,022 5,852 28,492 9,431 
!; ³ meni 12,797 5,3268 21,541 10,283 94,944 15,609 


Includes rayon; Bureau of Mines not at liberty to publish separately. 
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Table 26.—Stocks of slab zinc at zinc-reduction plants in the United States, December 31 


(Short tons) 
1912 1978 1974 1975 1976 
At primary reduction plant | 28,848 25,229 88,293 778,431 92,563 
111. n ae 1,225 718 1,421 1245 1540 
Toüilctane icri n EL E LER! 30,068 — 25947 39,720 "74676 98,898 


Table 27.—Consumer stocks of slab zinc at plants, December 31, by grade 


(Short tons) 
i High Inter- Bras Prime 
* igs h στὰς mediate Special Western Remelt — Total 
1975 --------------—- 89,139 8,155 3,728 7.227 48,826 201 107,276 
1908 -- ος ος 44,479 10,870 8,467 8,419 58,739 180 121,154 
Table 28.—Average monthly U.S., LME, and European Producers’ prices for 
Prime Western zinc and equivalent 
(Metallic zinc, cents per pound) 
1975 1976 
Month United LME ΕΣ United LME Euro- 
pean pean 
States cash prod States cash producer 
January πο ß e ee 89.15 86.18 88.58 87.12 81.84 86.05 
νο κοσμο A ee iden 89.11 85.97 89.12 37.00 81.27 36.05 
March -------------------------—- 88.95 36.41 39.49 37.00 32.92 36.05 
April DNO ο πα αν ( 88 98 35.46 38.71 37.00 35.78 36.05 
NR REND ß 88.94 88.84 87.89 87.00 85.08 86.05 
Jio; a La αν re EU 88.94 34.01 87.24 87.00 85.93 86.05 
JJ 8 88.92 82.05 35.67 37.00 85.12 86.05 
August 414K 88.90 33.39 34.53 37.00 88.58 36.05 
September 88.89 84.02 87.00 82.27 86.05 
το στ ο... 88.96 31.98 34.86 37.00 28.94 36.05 
November ________________________- 88.90 31.95 36.24 37.00 21.94 36.05 
ο κ ο ο ο MONT 88.98 31.08 35.77 37.00 29.07 36.05 
Average for yeaese 4 88.96 88.76 86.84 37.01 $2.38 86.05 
1London Metal Exchange 
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Table 29.—U.S. exports of zinc and zinc alloys, by country 


1974 1975 1976 
Destination Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Unwrought zinc and zinc 
alloys: |Ο 
ο ος 4570 ρὲ 11 72 i 118 
um- οι». 
Brasil 22 oe ee 9,032 sAn 1,714 1,628 EE SEN 
Canada 1,888 948 619 528 972 640 
«A 1.511 10 22 36 42 
Colombia 1 1,083 142 127 12 22 
Costa Rica |... 678 785 6 9 2 8 
Dominican Republic 298 207 87 1 2 
El Salvador _ 847 1 4 ee PN 
Germany West 104 281 64 31 256 p" 
Greectt -. -.-. -- -. -. -. 918 515 4 ο ts 
Guatemala___________ 674 831 26 21 (1) 
Israel 226 831 τοις. "e 6 12 
Hüy:— o e lcu 534 978 ΚΕ 11 8 
Japan 2,885 2,498 419 891 5 15 
Korea, Republic of |... 1.301 1.385 118 50 59 29 
Malaysia 16 EDS 22 " PE 
ico __ RR RE 144 158 181 108 163 
Nene ande F E ed 4,107 8,781 1 1,918 
icaragua s 
Pakistans 107 70 NA -— n E 
Panama 282 300 2 11 5 7 
ippines .......-------------- 1,925 1,926 5 6 9 
Saudi Arabia me I. sues s 851 485 
I EE ML. " 3 8 
pain ος enm 60 84 4" ME ο. 
Switzerland _________ -. 19 5 στε CS TM Eu 
TT 185 173 4 10 1 4 
Thailanddddd --. 227 247 NOR m Ee =: 
United Arab Emirates 6 9 21 89 84 44 
United Kingdom ___ _ _ _ _ 1,965 1,881 202 194 (1) 4 
Venezuela 2,947 8,256 1,819 1,094 164 143 
Vietnam, South _ _ ~~ _ 441 899 se n να zy 
FC 828 421 42 87 23 89 
Total 87,921 86,610 9,621 8,642 5,106 8,729 
Wrought zinc and zinc 
sia i 8 5 24 53 81 56 
Bolg: 15 5,143 8.220 8,159 4118 4,825 2841 
um- ---- , , 9 
Brazil!!! 299 140 us = 
Canada 8,659 2,797 8,197 1,975 8,944 2,869 
Chile. os 56 67 49 66 1Ί 23 
Colombia 58 79 73 69 88 
Denmark TE -- 11 28 96 
Dominican Republic _ — _ _ _ 15 22 112 121 13 21 
p © 8 8 E 8 & 
C 59 77 1 1 3 1 
8 2 B f g g d 
F 150 1 b ES = 
us 2 0: 4 * 9*4 š 
VJ 
ra eee FF 84 80 89 49 — x 
Mexico 277 209 81 8⁴ 59 112 
Netherland 572 723 10 76 14 87 
New Zealand 85 91 41 47 107 122 
FFF 30 46 17 5 58 115 
Peru 16 124 312 28 45 
Fhiliprinesss ------ 351 169 40 53 57 76 
Saudi Arabia 2 B 20 i: v 1e 
South Africa, Republic of 271 869 181 191 78 115 
Spain 201 257 er SN 11 
Switzerland ...-.- - -.-.-. 1 1 56 48 
Syria 40 39 8 10 199 76 
Taiwan 1. ARA 61 82 18 15 46 52 
Thailand --—--------—- 83 24 11 26 81 45 
Turkey _____________ ic. = 5 6 88 44 
United Arab Emirates 167 837 11 19 5 7 
United Kingdom 340 215 180 256 189 817 
Vene ela 272 407 76 105 69 100 
ως μοι 8 863 594 221 452 247 893 
Total 13,078 11,086 18,095 8,693 9,998 7,410 


1Less than 1/2 unit. 
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Table 31.—U.S. exports of zinc pigments 
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1975 1976 
Kind Quanti Value i Value 
iet tora) (thousands) Pr targa ) 
Zinc oxide 8,104 4,838 $3,112 
)))) ο. CMM PURI 17 1,060 779 987 
Total 4.021 3,423 5,617 4,049 
Table 32.—U.S. exports of lead and zinc ores and concentrates 
(Gross weight) 
Quan Val 
Yeer (hort nd (thousands) 
JO p oco a rk rĩðꝰ ͤ ee E 484 $152 
σώμα o TTT THE 49 9 
1969 cl p d E. 11881 2981 
ñ.,.. ß ß LP πως 115 47 
[D] ο ο τι τος κ ß d ND NM ee Ns em 15,515 1,458 
1971 /// d N ο. 29,145 3,286 
1978 2 το το E c PEDE 04,180 18884 
)J ο RERUMS DI DIEN RM TIENE EUR 5 END REUS 111,176 21.981 
tt. ERN ß eh cecal Serta SS 50 81,502 
τν... ο ο a k wisha ud al ip E 148,787 28,892 
Table 33.—U.S. exports of lead and zinc ores and concentrates, by country 
(Gross weight) 
1974 1975 
Destination Quanti Value Quantity Value Quantity Value 
abet. (thou- (short (thou- (short (thou- 
tons) sands) tons sands) tons) sands) 
9 xembourg gg 29,2% $7,476 50:666 100 088 62, $13,660 
Habs -LLL 1061 730 1, 16,919 8,487 
Bulgaria NE -- m 10, 1,764 
PW 414 123 5,522 1,559 195 
VVV zs zu 6 875 a οι 3.585 
Japae nnn 546 11,617 6,271 1.261 15,600 2.526 
Mexico _.__________________ 4,563 8,219 6 
Netherlands > S: -- 8,196 2,045 5,907 888 
Poland ___ _ is Νὶ 19,930 4,614 p Ds 
Romania 5,588 2,027 ud "HN M m 
Spain St dc κών o te 8 16,282 8,750 5,548 1,070 
C 4985 ib 16040 2286 = = 
Other ο a 3,184 7 1.476 382 1,108 288 
Totall 111,176 27,281 150,830 31,502 148,787 28,892 


1440 MINERALS YEARBOOK, 1976 


Table 34.—U.S. general imports of zinc, by country 


1974 1975 1976 
Coun Quantity Value Quanti Val Quanti Val 
itd (short (thou- Mot. (thou- Gat” (thou. 
tons) sands) tons) sands) tons) sands) 
ORES AND CONCENTRATES 
con 

Australia 5.606 4,044 $485 2.291 $275 
8 ..........'.... α΄... 162,482 δι i 98.700 984 60301 27,389 
Colombia ---------------- i 20 | 1 31 105 
σωμα... ο οσο τες = 1157 | 804 46 i 1255 
Honduras Ee NP A DR a eee ed 8,862 4,986 6,807 
Ireland _.________________ 1,015 160 S si 
Mexico __________________ 24,183 7,509 9,834 3,789 2 625 768 
Pa FFF 14.80 4341 1202 2011 kc 1166 
Thailand —_ L IIIZ 18,317 1 5.797 Ms -- 
Turkey unen ee 2,647 911 ΒΒ a Wo ea 

Total 240,043 74,0081 144,987 52.036 97,115 38,086 

BLOCKS, PIGS, OR SLABS 

. FFF 1,922 1,289 5,512 4,854 - A 
Australia_________________ 35.909 29 22815 17295 82,586 249 
Belgium-Luxembourg - — — — — — m am , , 
Canada — g----- 270,156 182.714 181602 184,010 818,096 1757 
China, Peop 8 Republic Zanni = 
Finland... 10,590 6,998 19,157 14,264 81,526 

77... ̃ ED 4.477 5,271 1 1,282 10,897 7,488 
Germany any, West V 8,008 17,827 12,507 
Italy 7,911 9,683 1,299 5,197 80,789 18,861 
Japan ____________________ 52,614 57,651 7,202 5,724 : 6,789 
Korea, Republic c ds - κ 57 
Liberia 2781 2,008 3,601 2,502 E: -- 
Malaysia _________________ 660 ae ga 
Mexico PFC 28,515 21,750 17,605 12,818 62638 42,162 
Netherlands —— ` 15,123 10,208 9,642 6,586 
Norway -_ -..----------.-. -..-. 112 es mc 
Poru -2-a K a a 81,101 19,128 12,917 19,911 18,111 
Poland 21. 5 eae 10,311 292 í 619 
South Afries, Republic of _______ S 615 2,077 11148 2.650 2 “8 
- 21 m eod Ed 118 
United Kingdom 117 4,677 9 900 1,528 1,820 1,190 

VF 12 14,710 7,009 4,551 23/809 19,699 

r l 17,888 11,772 4.158 2.841 
Zambia __________________ age MR wa νὰ 9649 1,627 
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Table 35.—U.S. imports for consumption of zinc, by country 


1974 1975 1976 
Coun Quantity Value Quantity Value Quantity Value 
* (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
ORES AND CONCENTRATES 
content) 
Argentina 31 — E 
Australia LLL --------- 4,184 22.954 $1,949 2,461 $295 
Canada __ _ 73,695 18 αὐ 208/150 57 888 124,920 40,148 
Coona a pue a κ 1 E 105 
Greenlana d EE I Ed 721 108 
Hondorss κος E E 18,083 8,793 48,224 18,040 18,069 6,171 
PAE epee ee a EA Pe ee 8 883 52 4,820 150 M 5 
Japan |... n δ = " = 
Mexico o 26,647 6,480 61,656 16,087 9,689 1,795 
Nicaragua __ s 1,489 236 86,749 8,858 8,019 1,876 
Peru ne eee eee: 8,900 1,567 688 8,99 ; 
Thailand _________________ ee n 25,143 5,172 i ae 
Turkey ...---------- ed ος 2,970 -- ene 
Teal. cl cct: 188,788 81,480 428,544 108,822 155,808 50,558 
BLOCKS, PIGS, OR SLABS - äi 
Angola j)) 1,922 1,289 ME zs __ is 
F X39 1.8 Πω ΠΗ 3517 24411 
um-Luxembourg gg ; 
Canada 278,075 184,095 181,725 184,015 318,006 228,125 
China, Peoples Republic ff μα PS 298 194 532 1, 
Finland .......................... 10,590 6,998 19,157 14,264 31,526 23,006 
France .................------..-΄--.---΄---. 4,477 5,271 1,887 1,232 8,552 099 
Germany, West ................- --... 8,177 7,890 17,853 47,397 82,119 
Hong Kong 110 109 FN αἴας ους. x E 
C! ĩ³˙A ο ο δα. 7,635 9,404 5,192 28,636 19,069 
Japan —-.-- ĩͤ 50,827 55,919 8,408 6,882 E NET 
Korea, Republic off = as — 57 85 
Liberia τος τες mee 2,781 2.008 8,601 2,502 ae Ben 
Malaysia .......---------------------------- š: " 
3 Qasam aaa eee 25,675 21,982 14,187 10,083 58,001 89,421 
VVV 4,895 9 15,123 10,208 1,168 5,361 
Norway -_ / 149 112 ENS = 1,102 
IMAS s s e e EE: LL LL 81,101 24,807 19,128 12,917 19,911 18,111 
Poland _ 9,968 T kt 1,018 
Romania VCC D au AM m 6,748 1,957 
South Africa, ι, Ε Republicof _______ 615 2,077 1,698 8,650 2,458 
Spaun 2418 2,540 28,509 18,89 29,687 19,892 
Switzerland _____________-__ T 96 = EN 118 89 
United Kingdom ___ 5,447 4,988 2,200 1,528 1,820 1,190 
VIR Scu leue 11,752 14,269 7,890 4,861 29,869 19,699 
PP ολ y ως 17,888 11,772 6,527 4,112 82,802 28,588 
Zambia __ _ _ mem ane om ου zt 2,649 1,627 
Totas 543,806 431,250 374,922 278,686 695,131 482,265 


1Lees than 1/2 unit. 
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Table 36.—U.S. imports for consumption of zinc, by class 


Ore Blocks, pi Baena, plates, stri Waste and 
. Gincconten) 6 (zinc content) aber forma il scrap 
Val Val i Value i Value 
Quantity | ue Quantity l ue Quantity | Quantity l 
tons) sands) tons) sands) tons) sands) tons) sands) 
1974. 133,733 1,430 543,806 1,250 640 $568 418 1 
1915 -------- 428844 106.222 314,922 773.886 286 507 1418 9460 
1976. 155,808 50,558 695131 482,265 209 929 1,808 516 
Dross and skimmings Zinc fume Dust,powder, 
(zinc content) (zinc content) flakes Total 
Quantity Val Quan Val Quan Val value? 
(short n rear τ d (thou- ( 
tons) sands) tons) sands) tons) sands) i 
1974. 8,863 $1,786 18,285 $3,283 9,181 $9,799 — $479,857 
19759. 158 1 9,442 789 744 899 
1976 _. _ _ __ inr nc c 2,558 6005 8134 848.25 


!Unwrought of zinc were imported as follows: 1974, 11,491 short tons ($11,897,967); 1975, 101 short tons ($87,896); 
1916, 27 shost tons (114,141) d 3 € j τ 
In addition, manufactures of zinc were imported as follows: 1974, $562,521; 1975, $78,887; 1916, $96,945. 


Table 37.—U.S. imports for consumption of zinc pigments and compounds 


1975 1976 
Kind Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) 
Zinc oxide 18,187 $8,162 19,918 $12,991 
gus %% ³·'¹¹. T 214 858 
Zine ο μας a NOANA Ί 518 1,872 701 
Zinc sulfate _ ~~... ~~. 8110 1016 5,485 1 
Zinc compounds, n. f 766 584 575 
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Table 38.—Zinc: World mine production (content of ore), by country 


(Short tons) 
Country! 1974 1975 19165 
Casa? r ° 
22d ³ðV³3 ð τον Zum ss 1,867,077 1,847,574 1,812,500 
Guatemala (exports) ___._____ „ ΕΕ = ; 
Honduras ___-.----------------------—— 26,411 398 
Mexico (recoverable))))) -............ 818,408 285,700 
Nicaragua _.__._______________ -... 334 15,749 
up eas (recoverable) ............------..-..-- -.--.---.. -- -.. -. 499,872 469,355 1 
Argentina _.___________________________ 149,703 41,172 44,600 
Bolivia 22-2. ee ie eee r 258,154 351, 58,518 
77öͤßÜͥ( hn ea μις 8 55,120 67,510 
Chile o το m m 8 8,692 8,499 5,578 
Colombia d 41 66 
, e ee uui ee 223 91 150 
POT z ͥ mqꝓęqę/ e 1416, 705 424, 169 436,240 
Austria (recoverable) JJ NEU UNS EUR ee a ree — ee 
ο .. ΓΈ 10 9,898 13,000 
Εἰη]απά.........------------------------ 167.214 59,917 67,399 
λε oo p αμα 716,015 84,900 
Germany, West ....................-....---.-.-.-.-----.--------- 127,947 126,986 
GIO. f dee aid aS uide MERO IE μα 127,546 82,012 
Greenland 2. ee ee 116,051 100,156 *98,100 
Hungary’ ____________~______ „ rg 72,400 2,600 
cu PEU tro 78,100 78,500 69,200 
ud ——————————ÁÁ— € ᾽ 83,792 88,986 
OWES NE A EEEE EEA EE CEE E E ss 24,291 26, 32,616 
Poland" |... ⁵¾˙ ˙—ͤ˙õ•]ͥWà—dw] K 220,000 F230,000 298,000 
Romania (recoverable)? ) 66,000 66,000 66,000 
lo μια DE ĩðV 8 1104, 454 98,233 
5 JJ κο K 125,832 122,715 140,126 
U.S.S.R. (recoverable· ) ) 750,000 160,000 790,000 
nited Kingdom . _ _ ~~ rg 316 4,410 
bé C WR l ας 104,869 14, 117,462 
AMA τος ὃς ο A ο ULL 712,100 16,000 15,400 
p ee ον 9,600 ' 4, 
, ß eee eee 717,941 18,904 
South Afnca, ico. E ως scc 87, 78,014 
South West Africa, Territory “))) 5 96,506 *35,800 
J MD dq 88 76,878 7,800 8,000 
JJ V0] RO 98,106 87,400 77,600 
Zambia (τθοονθτβρ]6)..........-. ---.--.----.---- -- -..-..-- -- -..--. -..-- --. 64,300 51,600 40,900 
————— 8 73,308 2,918 
China, People's Republic of, (recoverable)? ) ______— 110,000 110,000 110,000 
J ĩ E ee ees ead a ee 222 721,221 25,175 28,175 
i iran pedo MEINE ROMS 90,900 72,800 72,800 
apan ( PP.... ge Si 280,458 286,549 
Korea, North (recoverable)? ~_________________ 179,000 1176, 000 185,000 
ο ος ο ο ete αι eee 1 60,617 65,186 
Philippines sss 8,567 11,522 12,577 
land" tia LA C 736,240 3,549 18 
C6111 ³˙·ü ] — . ÁN 794,800 29, 
Oceania: Australien 1503, 821 552,088 511,795 
TOA) ous ee Rise means m M e oes eee 76,971,590 6,890,509 6,462,255 


HE ο a tha oe esha Hasen, Visa Slee Produoss anc; put eee 


Zinc centent of concentrates. 
Re MM ο. 
Data are cn reports of Tumai Corp. Ltd. and South African Iron and Steel Industrial 


Corp., Ltd. (ISCO. — Zine ty) s Rosh Pinah mine. Data from Tsumeb Corp. Ltd. are for calendar yeers; 
data from other companies are for years ending June 30 of the year stated. 

S Year beginning March 21 of that stated. 

*Contained in zinc concentrates. Additional quantities of zinc may be contained as a byproduct in lead concentrates 
produced, but information is inadequate to make reliable estimates of such production, if any. 
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Table 39.—World smelter production of zinc, by country! 


(Short tons) 
Country? 1974 1915 1976» 
North America: 
AP CORPO E DES T469 410,622 521,200 
NOME E E TIL 1150, 892 169,711 188,871 
United States ________________ c 22-2 Lc 555,188 488,051 
oie sort iieia 744, 100 48,700 44,100 
Bud: ο ο ο ee 33,641 84, 88,100 
Bé o ο το ο ο κο. "78,681 69,709 71,291 
Europe: 
Austria? aan 18,188 17,938 18,270 
Belgium -:.. .....-.-.------------.--.-- 7918,947 240,524 258,7 
μμ μμ μα ων μμ. 199, 200 101,000 *101,400 
Finland 101, 177 121,127 121,952 
Germany East? E E E O 20 000 120000 20000 
Germany, West ______________________.___ "440,978 $24,878 
)J ολα lc T ως 7216,587 198,120 210,785 
Netherland 786,166 136,628 
S = = o οἱ 79,845 67,12 69,288 
Poland" CONSPICITUR ͤ VdT 257, 000 268,000 265,000 
JC ³·¹AAA y A Sa s sa 77,000 177,000 79,000 
1 %. Saam a ³ T E 148,307 148,900 171,600 
BER? u Z ] . pus 8 750,000 160,000 790,000 
United Kingdom ...........-- --.------------------------------ 192981 
Yugoslavia” coc ))))! eee a 18 107, 900 116,285 
South Africa, Republic of Ὃ..--------------- 72,100 70,248 78,082 
Zaire -.----.--.ο--.-...-...οο "72 958 61,994 
777 —T—— ed dee 64,807 51,600 40,900 
China, People's Republic f 123.284 110,000 110,000 
Lau yr 9 1 S 817,900 
Κατα Republisof --- cer LL LLL LL LLLI 12725 eye my 
ROSE ͤ K a T8 
Oceania: Αυοἰταϊἱία............-.----------------------------------- 805,154 218,088 267,460 
Total 2 aco Ls E a E 56192 690 5,592,458 5,978,484 
1An attempt has been to restrict the tents of this table to ucti Whe metal i 
» incu ΠΕ deer con e to primary bu on κά re secondary is 


* Known to include secondary production recovered from reclaimed scrap. 
*May include secondary production recovered from reclaimed scrap. 


Zirconium and Hafnium 


By Sarkis G. Ampian! 


Zircon production and sales by domestic 
mining companies decreased nearly 796 in 
tonnage and more than 20% in value in 
1976. Zircon exports decreased 50% from 
18,766 tons in 1975 to 9,428 tons in 1976, but 
imports increased 61% from 40,205 short 
tons in 1975 to 64,643 short tons in 1976. 
Total exports of zirconium metal and zirco- 
nium alloys generally decreased in 1976, 
while zirconium oxide increased substan- 
tially. Production of zirconium-bearing com- 
pounds for chemicals and refractories also 
decreased slightly. Zircon consumption by 
foundries increased from 46,200 tons in 1975 
to 67,000 tons in 1976. Some hafnium was 
also produced. 

The 1976 worldwide zircon supply- 
demand picture was characterized by a 
growing demand owing to increased indus- 
trial activity and Australian production ca- 
pacity, resulting in an oversupply, which 
depressed prices. Domestically, zircon re- 
flected the worldwide situation, with con- 
tinued strong demand, largely in manu- 
facturing specialized refractories and abra- 
sives, and the return of foundries to the 
depressed priced zircon. This increased de- 
mand was largely met by imports. 


Recycling of spent foundry zircon and 
substitution of chromite and aluminum 
silicate-minerals for some zircon foundry 
applications were commonplace. 

Zircon was principally used in foundry 
sands, refractories, abrasives, ceramics, and 
as a source of zirconium metal. The metal 
was used mostly in nuclear reactors, in 
corrosion resistant equipment for industrial 
plants, and in refractory alloys. Hafnium 
was used in nuclear reactors, in flashbulbs, 
and in refractory alloys. 

Legislation and Government  Pro- 
grams.—The Statistical Supplement to the 
Stockpile Report to Congress, Dec. 31, 1976, 
showed no objectives for zirconium and 
hafnium materials. The Energy Research 
and Development Administration (ERDA) 
had an inventory, as of June 30, 1976, of 
approximately one-half ton of zirconium 
crystal bar and scrap, 937 tons of zirconium 
sponge, 163 tons of Zircaloy ingot and 
shapes, one-half ton of hafnium scrap, 5 
tons of hafnium oxide, one-half ton of haf- 
nium sponge and shapes, and 39 tons of 
hafnium crystal bar. 


! Physical scientist, Division of Nonmetallic Minerals. 


Table 1.—Salient zirconium statistics in the United States 


(Short tons) 
Product 1972 1978 1974 1975 1976 
Zircon 

Production l.l ce VE W W W W W 
CiÄ ⁵⅛. uu ec τος Ds 17,360 28,921 21,487 18,766 9,428 
IHDOME 5-5 5. 5 ο εμενα ο τή. 67,597 98,023 62,504 40,205 64,643 

S wi RM MERE ED 168,000 175,000 167,000 122,000 155,000 
Stocks, yearend, dealers’ and consumers" _ _ _ _ _ 44,500 51,500 41,900 37,033 37,784 

um e: 

Production! nd ß ce 12,020 14,300 11,630 11,760 8,000 
Producers’ stocks, yearend? ... _ 942 648 1,480 1,745 668 


*Estimate. W Withheld to avoid disclosing individual company confidential data. 
Includes baddeleyite: 1972-885 tons; 1973-1,019 tons; 1974-°2,950 tons; 1975-°1,000; 1976-°2,000. 


3Excludes foundries. 


3Excludes oxide produced by zirconium metal producers. 
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DOMESTIC PRODUCTION 


E. I. du Pont de Nemours & Co. and 
Titanium Enterprises, Inc., were the only 
major producers of zircon mineral concen- 
trate in the United States. Zircon was 
recovered from mineral sands at the dredg- 
ing and milling facilities owned by Du 
Pont at Starke, Fla.; by Humphreys Mining 
Co. for Du Pont, near Folkston, Ga.; and 
Titanium Enterprises at Green Cove 
Springs, Fla. Production data were withheld 
from publication to avoid disclosing individ- 
ual company confidential information. The 
combined zircon capacity of these three 
plants is estimated to be 135,000 tons per 
year. 


Domestic producers were examining sev- 
eral beach sand ore bodies in the southeast- 
ern States and studying the practicality of 
adding zircon flour to their product lines. 
NL Industries, Inc., continued feasibility 
studies on recovering heavy minerals from 
The Trail Ridge extension in Florida. A 
decision on the project was expected by 
midyear 1977. 

Statistical data on production of zirco- 
nium sponge, ingot, and scrap and on haf- 
nium sponge and oxide are also withheld to 
avoid disclosure of company confidential 
data. 


Table 2.—Producers of zirconium and hafnium materials in 1976 


Company 


Babcock & Wilcox Co., Nuclear Materials Di 


Barker F day ply Co 

The Carbo 

C. E. Refractories, Div. of Combustion 
Engineering, In 


Manufastering Di jiv. (TAM) 


ο ind eeu d ͤ ͤ AE EET AE 
Norton Co .-.------------------------- 
Ohio Ferro-Alloys Corp ---------------------- 
Ronson M. PO ee eS 

/A ͤ ee so 
Shieldalloy Corp ...--------------.-.-------------------------- 
Teledyne eh uc ͤ οκ μα 
Titanium Enterprises, Inne 
Transelco, Inc os αμα a E Eme eei 
Union ide Corp -_ eee cce 
3 πο ο παμπ ⁵⁵ σαν 
Zirconium Corp. of America ___________________ 

MATERIALS 

AMA Specialty Metals Cor 444 
Babcock & Wilcox Co., Nuclear Materials Di 
Teledyne Wah Chang Albany Corp πμ 


Location Materials 
Akron, N Y .....---- Ingot, š; 
Parkersburg, W. va Sponge, metal, 
chloride, oxide. 
Parks Township, Pa _ _ _ _ _ Powder, alloys. 
es, Calif. |... Milled zi 
Falconer, N 1 es 
is, Mo __ _ --- Do. 
King of Prussia, fa Refractories, zircon. 
Vandalia, Μο __ Do. 
Sharonville, Ohio Milled zircon 
veste οι ο ο ο ο. 
Louisville 55 5 Do. 
runs ag 5 Zircon, foundry mixes. 
Cambridge, Ohio Alloys. 
eras ip Pa 
Mount Union, Pa a Do. 
Cleveland, Ohio ide, ics. 
i n pa Ceramic colors, milled 
zircon. 
(NH ¿ZL L. = ide. 
Cleveland, Ohio Welding rods. 
EN. 3 illed zircon. 
„ Alloys, chemicals 
Niagara Ë bis N.Y ___ Milled zircon, oxide, 
alloys, chloride 
Cincinnati, Ohio Refractories. 
South Shore, K&K Do. 
Huntsville, Ala Oxide. 
. Baddei 
Newark, N. JJ leyite (oxide) 
Cleveland, Ohio Zircon cores. 
Newfield, N. J Welding rods, alloys 
Albany, Oreg- __ _ _ _ _ _ Oxide, chloride, 
, pow- 
s bar. 
Green Cove S Fla i š 
re ` ΕΞ Chemicals, ceramics. 
, W. Va. oys. 
Nis Falls, N. 79 
Beverly, Maass Alloys, oxide, sponge. 
Butler, fa i 
Cleveland, Ohio Oxide, refractories, ce- 
ramics. 
Akron, N.Y XI Sponge, crystal bar, 
τν Aqu scrap. 
Parkersburg, W. va d pes 
urg, pa : 
, Oreg- -------- Oxide, sponge, crystal 


ZIRCONIUM AND HAFNIUM 


Approximately 2,100 tons of alloys con- 
taining 3% to 70% zirconium was produced 
in 1976. 

Three firms produced 27,015 tons of mill- 
ed (ground) zircon, a decrease of 10% from 
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produced 8,000 tons of zirconium oxide. 
Oxide production in 1976 decreased from 
that reported in 1975. 

Hafnium crystal bar production was esti- 
mated at 30 tons in 1976, compared with 35 


the reported production in 1975. Six compa- tons estimated in 1975. 
nies, excluding those that produced metal, 
CONSUMPTION AND USES 


Zircon consumption in the United States 
in 1975 was estimated at 155,000 tons. 
Consumption of zircon concentrate and 
milled zircon was 67,000 tons for foundries, 
39,500 tons for refractories, 14,000 tons for 
zirconium oxide, 1,800 tons for zirconium 
alloys (excluding zirconium-base alloys), 
and 32,700 tons for all other uses. Foundries 
consumed approximately one-half of the 
domestic zircon production; the remaining 
half was consumed by refractory, abrasive, 
ceramic, metal, and other industries. Do- 
mestic zircon was marketed in proprietary 


Table 3.—Zircon consumption in selected 
zirconium materials as repo by pro- 
ducers in the United States in 1976 6 


(Short tons) 
Use Quantity 
refractories! ??? 29,000 
red . 8 Lh 4. 10,500 
Zirconia and AZ abrasive s 14,000 
DUE cto S τε y σα du o te 1,800 
Foundry aid 67,000 
t SERENO ae a πο ον ος $2,700 
Total at a musei 155,000 


1Dense and pressed zircon brick and shapes. 
Fused cast and bonded alumina-zirconia-silica-based 


refractories. 
Excludes oxide produced by zirconium metal produ- 


*Alumina-zirconia-based abrasives. 

5Excludes alloys above 90% zirconium. 

Includes chemicals, metallurgical-grade zirconium te- 
trachloride, sandblasting, welding rods, and miscellaneous 
uses. 


Table 4.—Zirconium oxide! 2 consumption 
in selected zirconium materials as reported 
by producers in the United States in 1976 


(Short tons) 

Use Quantity 
AZabrasives. ____________________ 4,500 
AZS refractories?. .. _ 2,400 
Other refractories ________________~_ 2,100 

Chemicals „ 
Glazes, opacifiers, colors 700 
κ πως αν σε ette 10,500 


ao oxide produced by zirconium metal produ- 


"Includes baddeleyite. 
*Fused cast and bonded. 


mixtures for use as weighting agents, 
zircon-Ti0; blends for welding rod manu- 
facture, and  zircon-refractory,  heavy- 
mineral (kyanite, sillimanite, and stauro- 
lite) sand blends for foundry sand and sand- 
blasting applications. The zircon-bearing 
foundry sand was reportedly designed to 
provide consistent high-quality perform- 
ance at low cost for critical casting applica- 
tions. 

Imported Republic of South Africa badde- 
leyite ore in 1976 was used principally in 
the manufacture of alumina-zirconia abra- 
sives and also in ceramic colors, refracto- 
ries, and for other uses. 

Preliminary Bureau of the Census figures 
for 1976 showed that shipments of zircon 
and zirconia brick and shapes, composed 
mostly of these materials, totaled 1.8 mil- 
lion brick, expressed in terms of equivalent 
9-inch brick, valued at $13.3 million. In 
1975, final figures for shipments were 2.1 
million brick valued at $16.7 million.? 

Zirconium metal was used in nuclear 
reactors, in chemical plants for corrosion- 
resistant material, in refractory alloys, and 
in flashbulbs for photography. Pechiney 
Ugine Kuhlman Corp., Greenwich, Conn. (a 
subsidiary of the French firm) and Western 
Zirconium, Inc., Salem, Oreg. (a group of 
former Teledyne Wah Chang Albany offi- 
cials), agreed in principle to manufacture 
zirconium products in a proposed $30 mil- 
lion to $40 million integrated facility at 
Dallesport, Wash. The new facility, with 
construction scheduled to begin in 1977 and 
startup expected during 1978, will first 
convert zircon to sponge metal and then 
semifabricate about 3 million to 4 million 
pounds per year of the products, plus chemi- 
cal byproducts. 

Zirconium compounds, natural and man- 
ufactured, were used in refractories, abra- 
sives, polishes, giazes, enamels, welding 


2U.S. Bureau of the Census. Refractories. Series MQ- 
320, Quarterly, 1976. 

Chemical Engineering. News Flashes - Joint Venture 
ur for Zirconium Products. V. 83, No. 18, Aug. 30, 1976. 
p. 
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rods, chemicals, and sandblasting. Zirco- 
nium chemicals were finding increased ap- 
plication in the paint, textile, and phar- 
maceutical industries. The operating assets 
of Tizon Chemical Corp. in Metuchen, N. J., 
a manufacturer of fine zirconia-based pol- 
ishing materials for the glass and electronic 
industries, have been acquired by Transelco 
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Co., Inc., Penn Yan, N.Y., and relocated at 
Penn Yan. 4 

Hafnium metal, alloys, and compounds 
continued to have few uses. The metal was 
used for nuclear reactor control rods, in 
special refractory alloys, and in photegraph- 
ic flashcubes. Nonnuclear hafnium metal 
uses were reportedly increasing. 


Table 5.—Y earend stocks of zirconium and hafnium materials 


(Short tons) 
Item 1975 1976 
Zircon concentrate held by dealers and consumers, excluding foundries ~- ----------- 82,312 88,286 
Milled zircon held by ers and consumers, excluding foundries FFC 4,121 4,498 
Zirconium: 
Oro. ποπ ομως ο ο νο ⁵ ð ⁵ d ⁵⁵²¼6 ον" E ies 
ja. οσο ο ο ο do ae iMt s sue ο. --- 38 66 
J ³i a ata dd v 191 146 
AGB. co ee r k Lee dy M LLL y 8 85 589 
Ὅς... a ο το οσο Sr NEN mu ROS 6,495 4,661 
Hafniumꝰ 
Sponge and crystal baoaůh))hhhhhh/hhhh hh «„ „„ „„ 45 40 


*Estimate. | 
!Excludes oxide held by zirconium metal producers. 


PRICES 


Published yearend prices for standard 
grade domestic zircon declined from $257 
per ton (1975) to $150 per ton in 1976. Prices 
for comparable Australian zircon were ad- 
justed downward approximately $25 per 
ton. Prices for zirconium oxides were either 
unchanged or unlisted for the entire year. 
The prices of zirconium chemicals and zirco- 
nium sponge, powder, and hafnium metal, 
sponge, and nitride were unchanged. Zirco- 
nium sheet prices advanced slightly. The 
baddeleyite prices furnished by Ronson 
Metals Corp. were unchanged from those of 
1975. 

The Australian Department for Natural 
Resources again reduced the minimum ex- 
port prices of zircon sand in bulk, from 
$A140 to $A115 per metric ton for sand 
containing 0.1% or more iron oxide; and 
from $A150 to $A125 per metric ton for 


sand containing less than 0.196 iron oxide. 
The new prices apply to new contracts for 
Standard grades of zircon for 1977 delivery, 
with differentials for premium grade mate- 
rial. These new minimum export prices are 
generally $A25 per metric ton below the 
1976 prices.* 

At yearend 1974, the spot price for 
standard-grade Australian zircon was 
around $A400 per metric ton free in Aus- 
tralian Container Depot (FID). Prices rose 
rapidly in 1975 when a shortage developed 
owing to a sharp increase in demand by the 
Japanese steel industry for zircon-bearing 


ladle refractories. 


“Ceramic Age. Transelco Acquires New Corporation. V. 
92, No. 5, September-October 1976, p. 5. 

“Industrial Minerals (London). World of Minerals: Aus- 
tralia— That Zircon Price Confirmed. No. 111, Decem- 
ber 1976, p. 9. 
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Table 6.—Published prices of zirconium and hafnium materials in 1976 


Specification of material 


Zircon: = 


Domestic, standard grade, f.o.b. Starke, Fla., bulk, per short ton’ __ LLL cc l- 


Domestic, 75% minimum quent zircon and aluminum silicates, 


Starke, Fla., bulk, per short 
Imported sand, containing 65% Zits, c.i.f. Atlantic 


long {οπ΄................-..----.-.-.---.-- 
Domestic, 5 y vd lots, from works, bags, 
per short ton 


Domestic, a 220-mesh, 18-ton lots, from works, bags, 


per short 
Baddeleyite i ses 


Powder, commercial-reactor grade, drums, from works, 


bags, per pound JJ ð K 8 


Chemically white ground, barrels or bags, works, 


ZrOs, from ein A 
gd — ka 85% to 90% 


per poun 
Zirconium τπτ Crystal, cartons, 5-ton lots, 
from works, per pound 
ium acetate solution: 
18% Zr0s, drums, carlots, 15-tons minimum, from 


works, per pound _ JJ ðñ 


. 22% ο. same basis, per pound -- 
ide: El nic grade, der, drums, 

100 to ο 990-pound lots, from works, per pound EFF 
Zirconium: 

eee per pouno —— ĩð d ĩ 

nge, per pound _______________________- 

Sheets, strip, bars, per ρουπὰ..............-. -......... -.-.-..-. 
ium:5 

Sponge, per pound ------------------------ 

Bar and xg role: per pound ________________ 

Nitrided, per pound ..................---΄---- „ 

NA Not available. 


IE. I. du Pont de Nemours & Co. Price List (effective 1/1/77). December 1976. 
Minerals (London). World of Minerals-Australia- That Zircon Price Confirmed. No. III, December 1976, p. 9. 


2Industrial 
(Effective 1/1/77). 
*Chemi 


cal Marketing Reporter. V. 210, No. 26, Dec. 27, 1976, p. 42. 


“Ronson Metals Corp. Baddeleyite Price List. Jan. 1, 1977. 
5 American Metal Market. V. 83, No. 250, Dec. 28, 1976, p. 6. 


FOREIGN TRADE 


Exports of zirconium oxide increased in 
1976 over those of 1975, while exports of 
zirconium ore and concentrate declined. 
Exports of wrought zirconium metal and 
alloys rose in 1976 compared with 1975, but 
the other forms declined. Hafnium again 
was not exported. 

Zirconium ore and concentrate, exported 
to 13 countries in 1976, decreased from 
37,531,345 pounds valued at $4,786,779 in 
1975 to 18,855,595 pounds valued at 
$2,783,994. The quantity and value exported 
decreased nearly 50% and 42%, respective- 


ly, below that shipped in 1975. The 1975 
value was an alltime high. The average 
value of the zirconium ore and concentrate 
exported in 1976, $295.29 per ton, represent- 
ed an increase of $40.21 over the 1975 
average value. This increase was attributed 
more to a larger proportion of higher-priced 
granular and milled zircon shipped than to 
the value of the zircon sand. The increased 
proportion of higher-priced zircon shipped 
also indicates a return to the normal zircon 
exporting pattern. The major recipients of 
the exported zirconium ore and concen- 
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trate were Mexico (43%), the Netherlands 
(17%), Brazil (15%), Canada (12%), West 
Germany (5%), and the United Kingdom 
(5%). 

Exports of zirconium oxide, which were 
made to 29 countries, increased from 
2,832,128 pounds valued at $2,905,711 in 
1975 to 5,325,288 pounds valued at 
$6,104,200 in 1976. Export quantity increas- 
ed 88%, and the value more than doubled in 
1976. The five major recipients in 1976 were 
France, (29%), West Germany (22%), Japan 
(15%), Canada (13%), and the Netherlands 
(10%). 

Total exports of other classes of zirconium 
decreased more than 13%, from 2,649,694 
pounds in 1975 to 2,304,202 pounds in 1976. 
The value of this material increased about 
70% in 1976 to $43,808,525 from the 1975 
value of $25,828,888. Of these classes, zirco- 
nium and zirconium alloys, wrought, and 
zirconium and zirconium alloy foil and leaf 
had increased in both value and quantity in 
1975. However in 1976, only the zirconium 
and zirconium alloys, wrought class, in- 
creased in both quantity and value. The 
unwrought and waste and scrap class 
decreased 29% in quantity but rose 12% in 
value. Exports of the foil and leaf class were 
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only 11% of the quantity and 52% of the 
value of 1975 exports. 

Imports for consumption of zirconium 
ores in 1976 totaled 64,643 short tons, a 61% 
increase compared with 40,205 tons in 1975. 
The 1975 figure represented the lowest 
tonnage of ore imported since 1968 (59,900 
tons). Zirconium ore imported from the 
Republic of South Africa is chiefly baddeley- 
ite (ZrO;) and, prior to 1974, was reported by 
the Bureau of Census under a single catego- 
ry listing both quantity and value. This ore 
is now apparently also imported under a 
blanket category that reports value only. 
An estimated 2,000 short tons of South 
African baddeleyite was imported in 1976. 

The average value of imported zircon at 
foreign ports decreased slightly in 1976 to 
$212.44 per ton, compared with $220.72 in 
1975. 

Imports for consumption of zirconium 
and hafnium in 1976 increased both in 
quantity and value in the following catego- 
ries: Zirconium, wrought; zirconium alloys, 
unwrought and waste and scrap; and haf- 
nium, wrought. Imports for consumption 
decreased in quantity and value in the 
zirconium chemicals and zirconium oxide 
categories. Hafnium in the unwrought and 
waste category was also imported in 1976. 


Table 7.—U.S. exports of zirconium ore and concentrate, by country 


κα 1975 1976 
on 
Pounds Value Pounds Value 
FCC τ. cni 100.425 5104218 
um-Lurembourr ggg "M s ; 

J οκ κο 8 9,835,500 641,128 2,821,203 1,002,444 
ο με 86 5,241,872 864,061 2,947,886 507 
Colombia... _ _ _ 22222-2 Md κ. 8, 2,235 
; Wëé8t uu ] A ο S luys 8,204 1,906 862,304 74,258 
CQ DT RENE 88,803 700 os a 
lira] |o y m Lee ees 29,893 7,300 τοι M 
1 τος ο ο κος RR 120,000 20,520 = ves 
Korea, Republic of ...--------.-.------------- = E .185,600 43,419 
õͤĩ[L5„t,i«² ⅛ ũ .. a 6,889, 127 1.025, 547 8,136,643 915,708 
Netherlands_______________________ 18,999,028 1,888,890 3,210,689 200,821 
New Zealand ......... _ _ _ et Ann 4 660 
Pep Cu m nte 8 55, 100 12,810 26,422 9 950 
= ema JJ! 8 1,760,000 214,400 PAN MH 
e e dus E 53,65 4,970 σα ES 
Thaland. — Soe = ER 2,000 592 
United Kingdom 801,337 21,092 800,500 71,808 
C7ꝓ1ͤͤĩͤ]˙¹ðâAAA¹Ü]iÜ¹¹¹ N Leer D e 87,531,845 4,186,119 18,855,595 2,183,994 


N U.S. Government Printing Office: 1979—281-349/183 
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Table 8.—U.S. exports of zirconium, by class and country 
1975 1976 
Country ' 
Pounds Value Pounds Value 
Zirconium and zirconium alloys, wrought: 
Argentina ὅπ. = 9,427 $100,585 
C 14,596 2 BEPU  4571126 
um-LuxemDourg ......---------------------- 9 , , 
7J7öö;—..: 8 3,485 8, 90 2,64 
Canada u oo o K 8 510,568 8,149,651 449,841 8,560,395 
Franc eg ας. 1,591 23, 2, 18,502 
Germany, Wett 439,237 5,003,585 599,480 8,988,128 
ö A 8 8,518 218,863 2,156 102,078 
JApan-- -— m eee ecu Le ,252 4,101,343 536,634 13,077,686 
Korea, Republic ß 1,017 5 
etherlands __ sz 106,200 846,936 21,174 212,081 
NORWAY ες y ο κο eie 46,847 s ὅτ 
Rope CPM C ꝗ—ù MED asas 60 1,450 w a SUM 
South Africa, Republic offt 1,621 14,819 102 846 
1 —— K gs pee me L 2 — noD 2,561 85,684 
Sweden 158,508 1,231,877 108,820 1,629,181 
Taivan ono Su 888 - e 103,625 8,444,617 
United Kingdom 106,482 999,011 ; 1,191,755 
Total ern E tm eL 1,593,653 29,088,024 2,040,683 41,400,013 
Zirconium and zirconium alloys, unwrought 
and waste and scrap: 
2 — JJ nae ĩͤ v ete en reer 2,025 14,900 = S "TB 
um- Luxembourg 1.218 5,518 9,177 62,404 
να το ος 8 44 1,580 ΚΠ — 
CanadP 22222-22222 22222-22- 12,347 187,192 1, 24,615 
Ecuador .. ------- 11 2 ΚΕ = 
FEPADOB. — mñß !.. 8 58,375 213,268 5,951 69,299 
Germany, West 53,907 349,321 36,682 373,525 
wanne oe κας 3,042 7,747 TN = 
JODAR oue ee LLL eL 52,226 209,146 8,190 76,001 
o c Acc A 8 160 1,200 = MS 
Netherlands ______________________ νε ΞΘ 85,991 419,012 
Norway. loc cu 88 558 7,034 τις s 
POM MR IDEM ñ 8 -— 23 956 12,926 
South Africa, Republic of |... 506 8,006 m me 
το ες ο δή ενος eyes 23,854 316,301 4,937 83,158 
Switzerland ______________________ oe ο 1,132 10,188 
United Kingdom aes 43,129 261,966 14,142 708,554 
γω αμ μασ le LLL Ete 251,402 1,640,429 178,491 1,834,682 
Zirconium and zirconium alloy foil and 
Belgium-Luxembourg .-----------.-... 4,374 82,488 5,893 97,119 
ολο να αι ο 8 12,864 208,529 12,317 256,782 
deren y, West: 3.912 22,083 188 16.155 
, D MK NO eS , , 
Leland... _ 88 133 4,853 V d 
Haly co o ꝛñ . 48,490 ΜῊΝ ἘΝ 
JADAN a ee 713,184 651,863 61,299 61,299 
Netherlands 4,509 17,134 ἘΝ =: C 
United Kingdom 3,420 ,995 5,216 136,895 
Totals. ec ue e ER ας ας 804,639 1,100,435 85,028 513,830 
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Table 9.—U.S. exports of zirconium oxide, by country 


1975 1976 
Count 
d Pounds Value Pounds Value 

Argentina ________________________ 48,523 $54,985 146,431 $166,392 
Australian 1,498 1, 5 5,048 
Belgian 1 Luxembourg ggg 5,580 6,889 5 396 6 927 

um-Luxempourg — U J J U , 9 , 
σα Εκ. V8 122,000 129,876 215,022 288,700 
J) ðͤ 0 Seta s n 933,608 634,349 611,495 449,904 
Dominican Republi« -..... -........ 400 50 = 2 
Germany West. ------------------ š 839 149.357 1.184.250 539.140 
ΛΞ s = 3'170 8'249 

/ A DZ x m A ; 
CODE ο ο ο νο πω ο ο τομ HE ms 1,000 8,005 
Ipelánd ο αι Ss d 408 2/152 
7ͤõõͤõĩ]¹]]]]1ii ⁰ ree 5 4,112 1,850 2,442 
C ac nesciun ex Lr 96,579 120,707 4,843 8,591 
“μισο nuuc mci c t ο 47,450 52,819 196,994 822,140 
C§ö§ö;Üʃ77! v ĩ ns 88 EG z 300 552 
MON Lu 2 E μμ «ε.α... 97,784 95,641 145,202 148,415 
Netherlands________________________ 56,487 72,451 528,278 501,700 
NoWay 2s otn tcc EN PER 6,615 21,965 
Portugal __________________________ ΕΗ 100 2,314 
Saudi Arabia 1,000 1,500 ere ee 
South Africa, Republic off 94 782 1,462 6,142 
Span uote ß a a LEM il. ct 13,331 22,409 
Surinam — ͤ„ ;³ l| S 18 1,500 -- πα 
Sweden ___________________________ 23,520 22,167 779 522 
Switzerland ________________________ 200 1,476 5,178 4,315 
TAIWAN ο ͥd . a 250 1 200 3,108 
Trinidad and Tobago ΜῊΝ sS 180 2,432 
United Kingdom _____________________ 118,043 92,165 27,244 33,372 
Venezuela oor 2,000 2.976 
Yugoslavia__ ð [n eR RE ΝΕ a 2 2,500 
ο μαμα ³ ²mm Se ea tei 2,832,128 2,905,711 5,825,238 577 6,104,200 

Table 10.—U.S. imports for consumption of zirconium ores, by country 
1974 1975 1976 

Coun Quantity Value Quantity Value Quantity Value 

my (short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands 
Australian 59,747 36,031 36,114 $7,602 62,604 $13,230 
Canada 1,054 90 877 61 2,014 | 492 
Christmas Island |... .. τος I e "S 25 10 
ß e a 2.756 894 (Š) 1 
Malaysia 1,142 . 188 440 82 ΜΉΝ τούς 
Mozambique _ _ _ _ _ ο anes fs asas: RC n 22 10 ΜΝ n 
South Africa, Republic of |... 1 1 496 225 = EH 
Thailand _________________ 554 88 M ΜΕ σα ΜΝ 
Total 5 o s Acl 62,504 6,398 40,205 8,874 64,643 18,733 


1Believed to be country of shipment rather than country of origin. 
Less than 1/2 unit. 
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Table 11.—U.S. imports for consumption of zirconium and hafnium, 1976 


Country 


ει D . HO 


Hafnium, unwrought and waste and scrap: Japan 
Hafnium, wrought: — 
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Pounds Value 

ως τε ντα. 169,827 $1,758,717 
2 8 8,961 40,186 
C7777... πο ρα 178,788 1,798,903 
J στ eRe 102,749 99,742 
ο κανα. 20,916 11,231 
Ci 120, 390 183,907 
DEDOS UPPER CER PLORA 492,583 2,186,938 
33 ³ ͤ K 14,335 55,84 
MN nacre aay Se Pasal as 37,183 43 
p E TEE 788,156 3,180,926 
E EEEREN E 29,457 9,625 
EPEE EENET S 5,000 9,319 
idc κα E A EEE 34,457 348,944 
ος οσο EE 56 630 
22 λε eae 2,252 10,299 
11 ß 181 8,084 
. y REN 41,889 38, 546 
2322 Salen μεσα οκ -ᾱ- 096 108,609 
μμ μον καν 182,474 166,168 
mec ne ETRE a 396,936 40,757 
H Pe ene See erat 146,398 558 
μμ ee S 945 30,347 
6!!! Sip an EL 3,161 2,696 
6 teeta Ea 269,490 68,760 
J] A 8 11 586 
ο αλ TOREM EPOR 1,010,817 917,841 
ος 1,828,758 1,153,495 
RODEO TT 8 59 4,145 
Sas la Sige gh SNe aS Zuna 2 8,211 25,527 


WORLD REVIEW 


Australia leads the world in production of 
zircon, which is recovered from sand mining 
operations along its eastern coast (68%) and 
in Western Australia (82%). Production of 
zircon, a coproduct of rutile in east Austral- 
ia, is expected to remain relatively con- 
stant due to lower grades and reserves cou- 
pled with persistent environmental prob- 
lems. However, substantial zircon reserves 
with coproduct ilmenite have been located 
in Western Australia that, when fully de- 
veloped, will assure Australia's continuing 
role in the world zircon markets. 

Zircon sand is also produced in Brazil, the 
People's Republic of China, India, Malaysia, 
the Republic of South Africa, Spain, Sri 
Lanka, Thailand, and the U.S.S.R. 

Baddeleyite is produced in the Republic of 
South Africa and Brazil and also is found in 
east Africa, Sri Lanka, and the U.S.S.R. 

Australia.—The Federal Government 
acted to implement the recommendations of 
the Fraser Island Environmental Inquiry by 
prohibiting exports, effective December 31, 


1976, of mineral sands (zircon and rutile) 
from Fraser Island, which lies off Marybor- 
ough on the Queensland coast.* This export 
ban would effectively end mining on the 
island. The company most affected by the 
decisions was D. M. Minerals (DM), whose 
processing facility was entirely dependent 
on the island's raw material. The other 
company, Queensland Titanium, Ltd., was 
less seriously affected since its mainland 
processing plant was also fed by other sand 
operations. DM is a joint-venture of the 
U.S.-owned Dillingham Corp. and the Aus- 
tralian Murphyores Holdings; Queensland 
Titanium is a subsidiary of NL Industries. 
The Canadian Ionarc Smelters, Ltd., its 
subsidiary, Ionarc/TAFA Inc., Bow, N. H., 
and Associated Minerals Consolidated, Ltd. 
(AMO), have formed an operating company 
to produce zirconium dioxide directly from 
AMC’s zircon, using lonarc's unique 
Industrial Minerals (London). World of Minerals: Aus- 


tralia— Fraser Island Sand Bar. No. 111, December 1976, 
pp. 9-10. 
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Table 12.—Zirconium Concentrate: World production, by country! 


(Short tons) 
Country 1974 1975 1916» 
C · AAA ον yr. ος» 405,399 421,292 461,221 
) ³¹w-w- M —— 2,116 3,224 *8,800 
Indies πες ο ⁵ ⁵˙¾˙i⅛i . 88 1.400 11,400 11,400 
Korea, Republic oa _ _ 44 re22 PS 
YE A c e E πε LE 3,085 11,417 8,449 
South Africa, Republic oůf᷑z k 713,208 780 12,408 
:.:... ————À PRU 23 43 11 
Tan: o ooo a A uL E 2,207 61 
United States pp ̃ p eee le W W 

TOM]. t onn cce utc LL u 438,087 460,600 491,851 

*Estimate. Pre "Revised. W Withheld to avoid disclosing individual company confidential data. 


liminary. 
!No data are available on production, if any, within the centrally-planned economy nations, nor is there any besis 
believed to closely approximate total output). 


the formulation of reliable estimates of output levels. 
*Exports (production not officially reported; exports 


plasma-arc technique." AMC also establish- 
ed a zirconium silicate opacifier plant at its 
Southport works near Brisbane.* The plant 
planned to treat zircon from its Dunwich 
operation on North Stradbroke Island. In 
another action, AMC merged with Western 
Titanium Ltd., a fellow member of the Gold 
Fields Group.* The two companies have a 
combined production capacity of 170,000 
tons of zircon per year. 

In Western Australia, Western Titanium 
completed its mineral sand mining and 
concentration complex near Eneabba on 
schedule and started plant commissioni 
Shipments were targeted at yearend from 
its yet incomplete handling facilities at the 
port of Geraldton. The cost for this complex 
was estimated at $18.5 million. The AAR 
group has taken a 50% interest in the 
holdings of International Nickel Australia 
in its Eneabba mineral sands prospect," 
and Westralian Sands Ltd. resumed full- 
scale mining operations, on standby since 
November 1975, at its Yoganup beach sand 
deposit. 

Bangladesh. -A feasibility study, includ- 
ing the calculation of ore reserves, assess- 
ments of likely products, market studies, 
preliminary process definitions, and cost 
studies of beach sand deposits, near Cox's 
Bazaar, was to be made by the Austral- 
ian Mineral Development Laboratories 
(Amde)).2 

Canada.—AMAX Incorporated and On- 
tario Hydro abandoned, as uneconomic, 
plans to construct an integrated plant 
(zircon-sponge metal-semifabricated  pro- 
ducts) after an exhaustive study. The pro- 
ject had the backing of experienced metal 
producers and major customers. 

India.— Amdel, in another sand project, 
was to define a process for a mineral sand 
operation in Kerala State.!5 The project, on 
the Arabian Sea, was to include order-of- 


F 


magnitude capital cost estimates and oper- 
ating cost estimates. 

Sierra Leone.— Sierra Rutile, Ltd., par- 
tially owned by Nord Resources Corp., was 
proceeding with development of its mineral 
sands deposit at Gbangbama, after receiv- 
ing Government assurances on tax and . 
fiscal matters and of future Government 
participation in the project.'^ Production 
engineering studies were being completed 
and mining equipment orders placed. The 
mining project was to be financed in part by 
a $9 million loan from the Export-Import 
Bank of the United States. 

In another mineral sands venture, Bayer- 
Preussag Mining Group of West Germany 
brought a pilot plant for recovering rutile 
onstream at Rotifunk. The trials should 
show whether the sands containing rutile, 
ilmenite, and zircon can be mined and 
processed economically.“ The deposit is ca- 
pable of supplying the entire 50,000 tons per 
year of rutile consumed in West Germany. 

South Africa, Republic of.— The R250 
million needed for the new mineral sand 
project at Richards Bay in Natal has been 


"Mining Journal (London). Zirconium Dioxide Agree- 
ment. V. 286, No. 7381, Apr. 2, 1976, p. 269. 

Industrial Minerals (London). World of Minerals: Aus- 
tralia— Some Reflections on the AMC-Western Ti Merger. 
No. 110, Novembor 1976, pp. 9-10. 

ο ο. cited in footnote 8. 

Magazine (London). ee sete ts: International 
News— Australasia—En V. 185, No. 2, 
A 1976, p. 155. 

iImdustrial Minerals (London). Company News and 

Mineral Notes. No. 106, ἜΑ 1976, p. δ]. 


12 European Chemical News. ΕΟΝ Newsdesk— News- 
briefs. V. 29, No. 752, Sept. 101 1976, p. 8. 
13 eering Journal. This Month In Min- 


and Mining 
ing— ews Briefs. J. 77, No. 8, August 1976, p. 126. 
*Couch, G. R. Zirconium— A Nonprofit Metal Again in 
vs Eng. and Min. J., v. 178, No. 3, March 1977, pp. 141- 


1% Work cited in appre 13. 


ο Engine Mining Journal. In Africa— Sierra 
Leone 177, No. 2. 2, πώ τας 1976, p. 188. 


17Industrial Minerals (London) Company News and 
Mineral Notes. No. 107, Aura 1976, p. 51. 
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secured, and the export of minerals is sched- 
uled to begin in 1978.1 The project is being 
developed by  Tisand ty.) Ltd. and 
Richards Bay Iron and Titanium (Pty) Ltd. 
Share capital is held by Quebec Iron and 
Titanium Corp. (QIT) of Canada (40%), 
Union Corp. Ltd. (80%), Industrial Develop- 
ment Corp. of South Africa (2060), and a 
local insurance group (10%). 

Preliminary work on the mineralized 
sands concentrated in an 11-mile strip of 
dunes, north of Richards Bay, began during 
1976, with full mine production scheduled 
for late 1977.** Zircon production, estimated 
at 115,000 tons per year at full capacity, was 
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slated largely for export. The deposit was 
said to have reserves for 30 years of oper- 
ation. 

Sri Lanka.— Amdel was to provide plant 
specifications, selection of tenders, on-site 
supervision, and general consultation for a 
major plant expansion program of the coun- 
try's beach sand operations.* 

Tanzania.— Feasibility studies were un- 
derway on the heavy mineral sand deposits 
located near Mtwara on the southeastern 
coast. The Titanium State Mining Corp., 
which made the announcement, described 
similar deposits found at Pemba Island and 
Bagamoyo, north of Dar es Salaam. 


TECHNOLOGY 


Bureau of Mines research efforts were 
directed toward recovering heavy minerals, 
including zircon, from ores and waste 
materials; alternate methods for zirco- 
nium/hafnium separation; zirconia in tita- 
nium and TZM (Mo-0.5Ti-0.08Zr-0.015C) 
castings, and developing improved ceramic 
and optical materials. In heavy minerals 
ore research, the Bureau, in cooperation 
with Tennessee Valley Authority geologists, 
investigated the feasibility of recovering 
zircon and titanium-bearing minerals from 
the Snowbird Formation in Tennessee. 
Samples from gold dredging and sand and 
gravel operations in northern California 
were also studied, and physical benefi- 
ciation schemes were developed for concen- 
trating the heavy minerals from selected 
localities. Recyclable zircon concentrate 
and zircon-periclase mixtures were reclaim- 
ed from steel foundry sands and investment 
casting wastes. The studies on alternate 
methods for zirconium/hafnium separation 
have delineated a new solvent-extraction 
process that uses nontoxic eagents and rea- 
gents that are less flammable than those 
used in presently practiced methods.” This 
technique also appears to create fewer envi- 
ronmental problems. Two additional meth- 
ods for solubilizing and separating zirco- 
nium and hafnium, after an alkaline fusion 
technique, were also under consideration. 
Results from the casting studies showed 
that a fused stabilized zirconia mold wash, 
when bonded with zirconium acetate and 
coupled with either zircon or olivine sand, 
gave satisfactory titanium castings. How- 
ever, whether castings were of aircraft 
quality was still to be determined. Prelimi- 
nary results on the TZM castings indicated 


that shells with a fused calcium stabilized 
zirconia innerface gave what appeared to be 
satisfactory castings. To date, of all 
nonmetal-faced shells (oxides, silicates, car- 
bides, and silicides), only those faced with 
fused stabilized zirconia were capable of 
containing molten TZM without serious 
mold-metal reaction. The improved cera- 
mics materials research concentrated on 
developing sialons and zirconias suitable for 
high-temperature combustion and furnac- 
ing operations. The effects of various addi- 
tives on selected physical properties, such 
as hardness, sintered density, abrasion re- 
sistance, and porosity, were being selective- 
ly determined. Ambient data indicated that 
rare-earth-doped sialons have very high 
modulus-of-rupture values and the rare- 
earth-doped, calcium-stabilized zirconia ex- 
hibited superior abrasion resistance. A con- 
tract was also let for investigating the 
calcia-stabilized zirconia-alumina system as 
a potential refractory in coal gasification 
processes.“ This work was to emphasize 
microstructural and phase changes in this 
system after subjection to temperatures as 
high as 1,300° C for up to 2,000 hours. A 


— πο Chemical News. ECN N 


ewsdesk: 
“e oa Group to Buy S. African Slag. V. 29, No. 751. 


Se 8, 1976, p 
indust rial Minerals (London) World of Minerals: 
South Africa— Finances Secured for Richards Bay. No. 
107, August 1976, pp. 11-12. 
. This Month in Min- 


eering and 177. S Journal 
ing— ews Briefs. V. 177, No. 8, August 1976, p. 126. 
lIndustrial Minerals (London). M B. News and 
Mineral Notes. No. 101, February 197 
??Bureau of Mines. Mineral Research i and Data Analysis 
Highlights. V. 2, No. 8, September 1976, p. 29. 
Page 17 of work cited i in footnote 22. 
Institute of Technology (Atlanta, Ga.). Invest- 
tion of the Calcia Stabilized Zirconia-Alumina 
E Mines Contract GO 155189, June 16, 1975; avai 
consultation in ο ο of Metall 
Washington, D 
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report on the continuing optical-materials 
research detailed preparation of spectrally 
selective solar absorbers by depositing a 
semiconducting film on a reflective base. 
Zirconium compounds with the general for- 
mula, Zr((x)Xy)N(z), or similar titanium 
compounds or pure silicon were applied 
over a silver film. Recent work has revealed 
two ways of increasing solar adsorption 
without appreciably increasing the emit- 
tance. 

A generalized flowsheet and discussion of 
the Richards Bay, Republic of South Africa, 
mineral sands mining and ilmenite smelt- 
ing complex was summarized.** This sum- 
mary covered the entire operation from the 
mining by two dredges to the final ilmenite- 
smelting process. Included also was the 
separation scheme for recovering zircon, 
magnetite, ilmenite, and rutile concen- 
trates. The dredge fed a primary Reichert 
cone concentrator floating plant followed by 
conventional wet and dry mills, high- 
intensity magnets and tension separators, 
and spirals. This article covered all facets of 
the project, including the history, metallur- 
gical investigations, financing, mining, con- 
centrating, smelting, markets, services, and 
environmental planning. A more detailed 
treatment of the Richards Bay beach sand 
project was offered in another article." A 
brief state-of-the-art article on wet gravity 
separation, used extensively in mineral 
sands processing, was published.** The arti- 
cle cataloged recont advances in high-feed- 
densities and high-capacities, improved 
pumping and instrumentation, which have 
provided the new tools necessary for design- 
ing efficient, compact gravity circuits. The 
Bartles Mosely concentrator, capable of re- 
coveries below 15 micrometers, with a 
throughput capacity of 4 to 6 tons per hour, 
was also included in the discussion. 

A comprehensive study dealt with the 
role of thermal plasma techniques in meet- 
ing the future demand for new raw mate- 
rials.” The study, advocating electric power 
economy, discussed the thermal funda- 
mentals of thermal processing, including 
reaction models and heat transfer analysis, 
as well as different types of reactors, their 
construction, and several successful applica- 
tions. An application of particular interest, 
the plasma dissociation of zircon to zirconia, 
was included. 

A partially stabilized zirconia (PZS) cera- 
mic material of unusual properties was 
developed.» The new, high-performance ce- 
ramic reportedly would have great poten- 
tial where toughness and resistance to ther- 
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mal attack and temperature were required. 
Life tests on extrusion dies, an important 
use for fabricated zirconia products, indicat- 
ed that this ceramic outlasted conventional 
dies. Other works on high-performance ce- 
ramics on another PZS and an Al,0,-Zr0: 
material were also published. In the PZS 
research, finely divided yttria-stabilized zir- 
conia powders were fabricated into speci- 
mens by die-pressing, extrusion, and slip- 
casting methods, and tested for flexural 
strength.*: The investigation showed that 
the gross pores present in unfired speci- 
mens varied with fabrication procedures 
and persisted in the fired microstructures. 
It appeared that the ultimate flexural 
strength of extruded and pressed specimens 
were limited by residual coarse pores near 
the surface. However, the pressure-cast 
specimens, with no apparent internal pores 
larger than grain, exhibited unusually high 
flexural strengths. This research should 
improve the conventional fabrication of 
these new high-performance ceramics. In 
the A150,-Zr0, study, the fracture toughness 
of Al,0; was increased considerably by dis- 
persing a second phase of unstabilized 
zirconia particles. The toughness οἵ these 
materials was found to increase when uni- 
form, evenly dispersed Zro, particles with a 
diameter slightly greater than a theoreti- 
cally determined critical particle size were 
added. This concept of using unstabilized 
ZrO; inclusions should be applicable in 
toughening other ceramics. . 

Phase relations and thermal expansion in 
the system HfO, TiO, were investigated in 
the 0- to 60-mole-percent Ti0; region using 
X-ray diffraction and differential thermal 
analysis, melting point studies, and dila- 


35Blickensderfer, R., R. L. Lincoln, and D. K. Deardorff. 
Reflectance and Emittance of S Selective Tita- 
nium and Zirconium Nitrides. BuMines R I 8167, 1976, 30 
Pp. 
55 and Journal. This Month In Min- 
Mining of Mineral ds Will Begin in 1977 at 
South Africa’s Richards Bay. V. 177, No. 6, June 1976, pp. 


a Magazine (London). Beach Sand ane riget for S. 
Africa. V. 185, No. 5, November 1976, pp. 425-4 

28 Engineering and Mining Journal. New ead Fo- 
Bas z Gravity Separation. V. 177, No. 6, June 1976, pp. 


et, C. Thermal Plasma Processing. Chem. Eng. 
Pig. V Th No. 12, December 1976, pp. 63-69. 
20Industry Week. Emerging Technologies. V. 189, No. 6, 
May 10, 1976, p. 24. 

Ruth, P. H., J. S. Reed, and A. W. Naumann. Fabrica- 
tion and Flexural Strength of Ultrafine-Grained Yttria- 
Stabilized Zirconia. Bull. Ceram. Soc., v. 55, No. 8, August 
1976, pp. 717-721. 

22Claussen, N. Facture Toughness of Als03 with an 
Unstabilized Zr04 Dispersed Phase. J. Am. Ceram. Soc., v. 
59, Nos. 1-2, January-February 1976, pp. 49-51. 
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tometry. This work, in a system of compo- 
sitions with extremely low coefficients of 
thermal expansion, related this desirable 
physical property to microcracking. Re- 
fractory oxide-metal eutectics were identi- 
fied and tabulated in a study along with 
those reported by other investigators.** 
These oxide-metal composite structures 
formed by directional solidification of eutec- 
tic systems show promise for use in high- 
temperature structural materials, owing to 
the additive properties of the oxide and 
metal phases present, and in electronic 
application where the highly directional 
properties of the structures can be utilized. 
Α report presents the experimental results 
on the photochromic effect in iron-doped 
PLZT (lanthanum-modified lead zirconate- 
titanate) ceramics, a new class of fer- 
roelectric materials with high optical trans- 
parency in the visible light region and 
Strong electrooptics. Considering the re- 
sults, a mechanism for the effect was pro- 
posed in terms of a photoinduced charge- 
transfer process between the doped impur- 
ity atoms. The photochromic effect in trans- 
parent ceramic materials may lead to new 
types of applications, including optical 
memory and display devices. 

Α new approach was outlined to invest- 
ment casting (a large zircon sand and flour 
consuming industry) which would result in 
more pieces per mold, lower pouring tem- 
perature, less poured weight per part, and 
higher metallurgical quality, all at reduced 
costs. The new approach uses a vacuum to 
draw the molten metal into the bottom of a 
mold instead of the conventional top pour- 
ing method. 

Work on producing zirconium and haf- 
nium by reducing oxide ores was described 
in a recent patent." A mixture of finely 
divided ore, sodium hydroxide, and sugar is 
heated to a predetermined ignition temper- 
ature, and the reactants flushed and boiled 
with water to preferentially leach the waste 
chemical compounds. This residue is then 
leached with hydrochloric acid and a hydro- 
carbon solvent, boiled again with water, and 
subsequently flushed and dried. This puri- 
fied material is then smelted to a com- 
mercial-grade ingot or powder. 

Advanced refractory superalloy mate- 
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rials, such as dispersion-strenghthened al- 
loys and directionally solidified eutectics, 
will be used to increase the operating life of 
the new gas turbine engines. These nickel- 
based superalloys, large consumers of zirco- 
nium and hafnium, are presently being 
subjected to increasingly more hostile envi- 
ronments; research is being conducted to- 
ward improved high-temperature coatings 
to permit burning cheaper liquid fuels de- 
rived from coal or, if possible, gaseous fuels 
from a fluidized bed reactor. Research in 
this area was highlighted in a review 
article’. Test data presented show that 
plasma-sprayed zirconia-based ceramic 
coatings, on suitable bond coatings, provide 
an effective thermal and/or protective bar- 
rier for nickel base alloys. Cyclic tests at 
elevated temperatures up to 1,000* C were 
most encouraging. Several new aluminum 
and titanium high-performance aircraft al- 
loys were developed, including several 
promising, high-strength aluminum powder 
alloys. These alloys, all containing zirco- 
nium, showed increased tensile properties 
while retaining excellent corrosion resist- 
ance, fatigue resistance, and toughness. À 
new series of beryllium-titanium-zirconium 
amorphous or “glassy” alloys, offering light- 
weight, high strength and excellent stiff- 
ness, were produced in pilot quantities.“ 
Hafnium-nitride-coated tungsten carbide 
cutting tool inserts were undergoing exten- 
sive field tests.“ Preliminary results show- 
ed that hafnium nitride, with its high 
temperature hardness, appeared to last 
twice as long as titanium-nitride-coated in- 
serts. 
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ARSENIC! 
Legislation and Government Pro- Domestic Production.—Arsenic trioxide 
grams.—The Occupational Safety and  (As;03) was produced domestically only at 


Health Administration (OSHA) accepted 
written comments until July 23, 1976, and 
held an informal hearing on August 24, 
1976, to receive oral testimony regarding an 
economic and inflation impact statement 
prepared by OSHA on the proposed stand- 
ard for occupational exposure to inorganic 
arsenic. These written and oral submissions 
were to be used in conjunction with infor- 


mation supplied at 1975 hearings to promul-. 


gate emission standards. 

An in-depth study for the Environmental 
Protection Agency (EPA) assembled and 
interpreted comprehensive information on 
arsenic and its compounds and the effects of 
these substances on people, animals, and 
plants.* Another study for EPA assessed the 
role of arsenic and its compounds in the 
environment and in the economy of the 
United States and evaluated the need for 
and the projected effect of controlling its 
production, use, dissipation, and emission. 

The Puget Sound Air Pollution Control 
Agency (PSAPCA), in February, granted a 
5-year variance from the State of Washing- 
ton air quality standards to ASARCO Incor- 
porated for operation of its Tacoma arsenic- 
producing facility. 


the Tacoma, Wash., copper smelter of 
ASARCO Incorporated. Production data 
cannot be published. Compared with the 
1975 figure, output declined 1496, ship- 
ments were 560 lower, and stocks advanced 
1%. Production of arsenic metal, begun by 
ASARCO in 1974, continued in 1976. 

Consumption and Uses.—Apparent con- 
sumption of arsenic, essentially all as white 
arsenic (As O,), was substantially less than 
in 1975. 

The use of chromated copper arsenate 
(CCA compounds) in 1975, the latest year 
for which data are available, was 7,938 tons, 
an increase for the eigth consecutive year. 
Consumption of fluor chrome arsenate phe- 
nol (Wolman salts and osmosalts) continued 
to decline; with 584 tons consumed in 1975. 
Data on consumption of other arsenic com- 
pounds, such as calcium and lead arsenate, 
cannot be published. Small quantities of 
high-purity arsenic were used in the manu- 


1Prepared by H. J. Schroeder, physical scientist. 

?National Research Council, National Academy of 
Sciences. Arsenic. 1976, 480 pp. 

3Burruss, R. P., Jr., and D. H. Sargent. Technical and 
Microeconomic Anal 2 js Arsenic and its Compounds. 


Versar Inc., Rept. 4 Apr. 12, 1976, 228 pp; available 
rond National ιο! Information Service, pringfield 
a., 
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facture of gallium and indium arsenides for 
semiconductors. 

Prices.— The price of refined white arse- 
nic, 99.5%, at New York docks, quoted at 20 
to 23 cents per pound at the start of 1976, 
decreased to 20 to 21 cents per pound on 
December 6. Refined white arsenic at Lare- 
do increased from 16.5 to 17 cents per pound 
on August 8, 1976. The price quotation on 
arsenic metal at Tacoma advanced from 
$1.60 to $1.75 per pound on April 1, 1976. 

Arsenic metal was quoted in £ London at 
£ 2,175 per metric ton with advances to 
£ 2,400 on April 14, to £ 2,550 on July 15, to 
£ 2,750 on September 30, and to £ 2,950 on 
December 16. 

Foreign Trade.—Imports of white arsenic 
slumped to only 35% of the 1975 level owing 
to negligible imports from Sweden, histor- 
ically the principal supplier. Mexico became 
the dominant supplier of white arsenic 
imports, accounting for 89% of the total. All 
of the arsenic acid (39,628 pounds) came 
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from West Germany; and all of the arsenic 
sulfide (550,273 pounds) was received from 
Sweden; 37,478 pounds of sodium arsenate 
came from the United Kingdom, and 1,684 
pounds came from West Germany. Of the 
80,831 pounds of other arsenic compounds 
imported in 1976, 77,161 pounds came from 
France, 3,393 pounds came from the United 
Kingdom, 165 pounds came from Switzer- 
land, and the remaining 112 pounds came 
from West Germany, the Netherlands, and 
Japan. 

Arsenic metal imports totaled 288 tons, 
only one-half the 1975 level. Sweden sup- 
plied 269 tons, Canada 13 tons, and West 
Germany 4 tons. Smaller quantities were 
received from Japan, the United Kingdom, 
the Netherlands, and Belgium- Lux- 
embourg. 

Tariff.—Arsenic oxide (white arsenic) en- 
ters the United States duty free. A duty of 2 
cents per pound was applicable to arsenic 
metal 


Table 1.—U.S. imports for consumption of white arsenic (As- O,) content, by country 


1974 1975 1976 
Country š I i 
Quantity Value tity Value Quantity Value 
(short (thou- (short (thou- (short (thou 
tons) sands tons) sands) tons) san 
Belgium-Luxembourg ________________ ΕΠ xc Lie: ae 1 $1 
China, People’s Republic of |... _ _ .... __ -- Me τα = 2 1 
France μαμα ακομα LL 480 $90 595 $261 462 163 
Germany, Wet uM i 6 5 (3) 4 
Megiep n μμ ο AL aes S 2 6,185 1,034 8,174 918 8,793 1,854 
Peru 4. qę e pd d. es 24 1 66 11 eye ies 
South Africa, Republic of |. .. 145 29 τὲ e 8 EM 
South-West Africa, Territory abb EM i 970 252 e DE 
SWeden — ⁵ð ͤ ⁰yd y Z Lx 6,889 1,284 7,172 2,978 3 4 
Switzerland ______________________ TE e 30 11 Ta ES 
United Kingdowpud̃ßwwß 19 11 e s 1 1 
777777 ³˙¹¹ T2 13,742 2,449 12,018 4,426 4,262 1,528 
1Less than 1/2 unit. 
Table 2.—U.S. imports for consumption of arsenicals, by class 
(Thousand pounds and thousand dollars) 
1974 1975 1976 
Class 
Quantity Value Quantity Value Quantity Value 
White arsenic (Asa O)) 27,484 2,449 24,027 4,426 8,524 1,528 
Metallic arsenic ___ 2-2 1,414 3,651 966 2,716 575 1,735 
Sulfide osha a eae Be (1) (1) (3) (3) 550 110 
Sodium arsenate .. ......................- -- -....... 266 52 1 5 89 17 
Arsenic äcid 2 iiia PEN "n (1) 1 40 67 
Arsenic compounds n.e.c. .........-....------.-- -........ -. 85 55 152 90 81 57 


1Less than 1/2 unit. 
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Table 3.—White arsenic (arsenic trioxide): World production by country 
(Short tons) 

Country? 1974 1975 1976P 
τι μα ο ποντοι LL ELA E 120 14 e10 
TeS Ye -E EE 0 e EA eL ως A 8 9,000 9,000 9,000 
Germany, West _—-------------------------—-—----------———— 401 e440 «440 
JEDER C o eti eee y Add v UM UE 213 66 66 
Korea, Republic off 18 Fe110 782 
ος ο ce ̃⁰—Üͤ ]iͤ ß k ¼x ß A, 10,477 6.747 4.591 
//%˙%˙% ⅛mm0ꝑ ß ñxß . d ³K x ET: 2,175 1,461 870 
Portugal ote Rhe LAE ας νε αι E aede 2 ον 290 282 
South-West Africa, Territory ß 7,319 7,345 7, 700 
SWBUBN eh Lo ͥ ⁰˙˙ Ad 8 716,190 12,884 7,994 
!0ö˙˙ÜtCſ9ĩẽ K ο ο ß es 8,050 8,100 8,160 
United States -= ĩ ˙ TT 8 W w 

Toar o pp ß ÉL oe τος sZ 54,153 46,449 39,919 


Estimate. Preliminary. 


"Revised. W Withheld to avoid disclosing individual company confidential data. 


!Including calculated arsenic trioxide equivalent of bey ae of elemental arsenic and arsenic compounds other than 


white arsenic, where inclusion of such materials would not duplicate reported white arsenic production. 
2In addition to the countries listed, Austria, Belgium, the People's ο of China, Czechoslovakia, East Germany, 


Finland, Hungary, Southern Rhodesia, United Kingdom, and Yugoslavia 


ave produced arsenic and/or arsenic compun 


in ious years, but information is inadequate to make reliable estimates of output levels. 


tput of Tsumeb Corp. Ltd. only. 


Technology.—Results of a study to deter- 
mine any potential arsenic contamination 
of a proposed reservoir by geothermal 
springs were published.* The study conclud- 
ed that the effect of the arsenic on the water 
quality of the reservoir would be minimal. 

Research was reported on the effect of 
four arsenicals — cacodylic acid, cacodylate 


acid plus sodium cacodylate, arsenic triox- 
ide, and arsenic pentoxide — on the survi- 
val of exposed meadow katydids. Life ex- 
pectancies were reduced to less than 10% of 
unexposed populations by levels above 5 
micrograms of arsenic per gram dry weight 
in dosing formulations.’ 


CESIUM AND RUBIDIUM" 


Domestic Production.—There was no 
domestic production of cesium- or rubidium- 
bearing minerals during 1976. Cesium and 
its compounds were produced from import- 
ed cesium ore (pollucite). ALKARB, a resid- 
ue from the processing of lithium ores in 
previous years, and lepidolite were the 
sources of domestically produced rubidium 
and its compounds. 

Total production of cesium and rubidium 
chemical compounds increased 13% and 
20%, respectively, compared with 1975 le- 
vels. No production of cesium or rubidium 
metal was reported, but small quantities of 
both metals were shipped from stocks. 

The following companies were the major 
sources of cesium and rubidium chemicals: 
Kawecki Berylco Industries, Inc., Revere, 
Pa.; Kerr-McGee Corp., Trona, Calif.; and 
Great Western Inorganics, Inc., Golden, 
Colo. 

Consumption and Uses.—Definitive data 
pertaining to consumption and end use 
distribution of cesium and rubidium metals 
and compounds were not available. How- 
ever, these materials found commercial ap- 
plication in the manufacture of pharmaceu- 
ticals, ultracentrifuge separation of organic 


compounds, and electronic apparatus such 
as scintillation counters, photomultiplier 
tubes, and photoelectric cells. Cesium, ru- 
bidium, and their compounds can be substi- 
tuted for each other in some end uses. 

While there were no large-scale commer- 
cial uses for cesium, cesium metal and 
compounds have been used in experimental 
magnetohydrodynamic (MHD) power gen- 
erators. If MHD electrical generation is 
successfully developed, demand for cesium 
may increase. 

Prices.—The American Metal Market 
quotation for cesium metal, 99+% purity, 
remained unchanged at $100 to $375 per 
pound. At yearend Metal Bulletin quoted 
the nominal price for pollucite concentrates 
containing a minimum 24% 0810, f. o. b. 
source, at $12.40 to $18 per metric ton unit 
(22.046 pounds of Cs O). No prices were 


published for rubidium metal. 
*Middelburg. R. F. Occurrence of Arsenic in the Dry 
Creek Basin, Sonoma County, California. U.S. Geol. Sur- 


vey, Water-Resources Investigations 76-30, May 1976, 17 


pp. 

SWatson A. P., R. I. Van Hook, and D. E. Reichle. 
Toxicity of Organic and Inorganic Arsenicals to an Insect 
Herbivore. Environmental Sci. & Technol. v. 10, No. 4, 
April 1976, p. 356. 

*Prepared by Keith L. Harris, physical scientist. 
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Table 4.—Prices of selected cesium and rubidium compounds in 1976 
Base price per pound! 
Item : 
Technical 8 
grade πως 
Cesium bromide |... LL LL LLL LA Amm $28 $65 
Cesium carbonate n m O... 8 29 61 
Cesium chloride 30 68 
Cesium fluor ide „ 35 75 
Cesium hydroxide ß ß ß ee ge 35 75 
ubidium carbonune U 45 75 
Rubidium chloride Lt 46 16 
Rubidium fluoride ............................................ 51 83 
Wehe ẽ« H' ê - k yd ⁰ 51 83 


!Excludes packaging cost, 50- to 100. pound quantities, f. o. b. Revere, Pa. 


Source: Kawecki Berylco Industries, Inc. 


Foreign Trade. —Pollucite import data 
were not available. However, reported 
receipts by consumers indicated that pollu- 
cite was imported. Imports of cesium com- 


pounds increased from 3, 156 pounds valued 
at $136,203 in 1975 to 4, 506 pounds valued 
at $197,553 in 1976. No cesium or rubidium 
metal was imported during the year. 


Table 5.— U.S. imports for consumption of cesium compounds in 1976, by country 


Cesium Cesium 
chloride compounds, n.s.p.f. 
Country 
Pounds Value Pounds Value 
Germany, West tt 1,797 $18,830 2,989 $108,955 
United Kingdom knn 308 8,671 12 1,097 
·ͤ rhe Mores ώρες tun ee A ene Le T 2,105 87,501 2,401 110,052 


World Review.—The Tantalum Mining 
Corp. of Canada, Ltd., the major world 
source of pollucite, made no pollucite ship- 
ments from its Bernic Lake, Manitoba, Ca- 
nada, property during 1976. Late in the 


year, the Canadian Government placed ce- 
sium in all forms on its export control list, 
banning exports of all cesium-containing 
materials to any centrally planned economy 
countries. 


GERMANIUM’ 


The new use of germanium as a substrate 
material for gallium arsenide-phosphide 
light emitting diodes compensated for the 
gradual decline in consumption of germa- 
nium in semiconductor devices. 

Domestic Production.—The only pri- 
mary producer of germanium in the United 
States was Eagle-Picher Industries, Inc., of 
Quapaw, Okla. Much of its output was 
derived from zinc smelter residues stockpil- 
ed in past years from treatment of concen- 
trates from the Kansas-Missouri-Oklahoma 
district. These residues were supplemented 
by secondary material from waste and from 
scrap produced in the manufacture of 


electronic components and semifabricated 
shapes. 

Other producers of germanium using im- 
ported metal, oxide, and scrap or domestic 
secondary materials were Kawecki Berylco 
Industries, Inc., Revere, Pa.; Atomergic 
Chemetals Corp., Plainview, N. V.; and Tex- 
as Materials Laboratory, Garland, Tex. 

Production of germanium from domestic 
sources during 1976 was estimated to be 
32,000 to 40,000 pounds. The value of do- 
mestic production was approximately 85 
million, based on the producer price for 
refined germanium. 


"Prepared by John M. Hague, physical scientist. 
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Consumption and Uses.—During 1976 
the use of germanium increased in light- 
emitting diodes made from heteroepi wafers 
with gallium arsenide phosphide epitaxial 
deposits on germanium substrates. Two 
companies, Texas Instruments, Inc., and 
Texas Materials Laboratory, announced 
that they could supply such material for use 
in digital calculators and digital watches. 
This development compensated somewhat 
for the continued decline in use of germa- 
nium in conventional types of semicon- 
ductors such as transistors and signal 
diodes. Several manufacturers of power 
transistors believe that germanium is supe- 
rior to silicon for heavy-current semicon- 
ductors, and they foresee a growing market 
for such devices. Another use that may 
become important is in glass fiber light 
guides, which are likely to find applications 
in urban communications systems. Germa- 
nium was in increased demand for infrared 
optical systems. Forward-looking infrared 
detection devices (FLIR systems) often con- 
tain several large germanium lenses. Con- 
tracts for programs using these instruments 
were awarded in 1976 and were expected to 
extend into 1977. Nuclear radiation de- 
tectors consumed a small fraction of the 
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germanium supply. Other uses included 
glass microscope lenses, fluorescent lamps, 
experimental catalysts, and alloys for bra- 
zing and soldering materials. 

The estimated distribution of consump- 
tion by classes was about 65% in electronic 
components and accessories, 25% in optical 
instruments and lenses, 396 for research, 
and 7% for other uses. 

Prices.—The prices of domestic zone- 


refined germanium and domestic germa- 


nium dioxide were $293 and $167.50 per 
kilogram, respectively, from 1970 through 
1976. Prices for imported germanium, quo- 
ted as a New York dealer price in Metals 
Week, have been $330 per kilogram for 
metal and $174.50 for germanium oxide 
since March 3, 1975. 

Foreign Trade.—U.S. imports of germa- 
nium metal (unwrought, waste and scrap) 
totaled 7,600 pounds in 1976, less than half 
the quantity imported in 1975. West Ger- 
many and the U.S.S.R. were the leading 
suppliers. The value per pound of imports 
from Belgium-Luxembourg was high, proba- 
bly because the Belgian material was high- 
purity single crystal, whereas other imports 
were partly concentrates or scrap. 


Table 6.—U.S. imports for consumption of germanium in 1976, by country 


Country 


Unwrought, and waste and scrap: 


Belgium-Luxembourg __________________-_ _ 


Germany, West 


World Review.—World production of ger- 
manium in 1976 was estimated to be 150,000 
to 200,000 pounds, slightly less than in 1975. 

Major producing countries reported to 
have primary sources of supply were the 
United States, Japan, the U.S.S.R., Zaire, 
Territory of South-West Africa, and Italy. 
Other countries with major refining capa- 
bility were Belgium, West Germany, the 
Netherlands, and the United Kingdom. 

Japan reported production of 35,000 
pounds of germanium and 48,000 pounds of 
germanium oxide. The Kipushi mine in 
Zaire was the source of germanium-bearing 
byproducts to be refined in Belgium, but the 
rate of production at Kipushi in 1976 was 


Quantit 

(bound) Value 
ου... 830 $643,907 
FFC 4,171 184,402 
C 21 
a el ANS AR 92,536 
% 8 439 
PEETA D EO 1,914 150,118 
J EEEE 7,607 1011909 
Pr 39 10,214 


less than in recent years. 

Technology. — Research continued in 
1976 on the future use of germanium in 
solar cells, superconductors, optical fibers, 
and antimicrobial organogermanium. 

Bell Laboratories and Western Electric 
Co. were testing an experimental optical 
communications system in Atlanta, Ga., 
using optical fibers drawn from quartz 
tubes after layers of germanium-doped sili- 
con dioxide had been deposited on the inside 
walls of the tubes.* 


5Chemical and Engineering News. Tests Aim at Fiber 
Ms Phone System. V. 54, Νο. 81, July 26, 1976, pp. 17- 
18. 
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INDIUM? 


Domestic Production.—Indium was pro- 
duced during 1976 by ASARCO Incorpora- 
ted at its Denver, Colo., plant and by 
Indium Corp. of America in Utica, N.Y. In 
May, The New Jersey Zinc Co. and Indium 
Corp. of America formed a partnership to 
produce refined indium. The new company, 
NJZ Alloys, Inc., would use production faci- 
lities at the Palmerton plant of New Jersey 
Zinc, and technical guidance and marketing 
would be provided by Indium Corp. Other 
companies, such as Metal Specialties, Inc., 
in Fairfield, Conn., processed or refined 
imported material to produce alloys or high- 
purity metal components and compounds. 
More than half of U.S. consumption was 
supplied from domestic production or from 
stocks, and the balance was furnished by 
imports and secondary or scrap materials. 

Consumption and Uses.—Indium sup- 
plies became rather tight in 1976 as demand 
improved and imports remained at a rela- 
tively low level. Demand was estimated to 
be in the range of 650,000 to 700,000 troy 
ounces, with 40% being consumed in sol- 
ders, low-melting alloys, and coatings, 29% 
in instrument applications and holding de- 
vices, 10% in electronic components, and 
21% in research and other uses. 

Stocks.—Producer stocks continued to 
decline and at yearend probably represent- 
ed less than a year's supply. 

Prices.—The tight supply situation in 


1976 set off a series of price increases. 
Indium pricing is based on the standard- 
grade metal, 99.97% pure. During 1975 the 
price was $5.50 to $6 per troy ounce and it 
remained at that level until April 1976. Asa 
result of price increases in April, June, 
August, September, and October, the year- 
end price was $10 to $10.25 per troy ounce. 
Higher purity grades, 99.999% plus, sold at 
a premium. 

Foreign Trade.—Imports of indium in 
1976 did not return to the high level of the 
1970-74 period but were more than twice the 
small quantity imported in 1975. The value 
of imports, $1.8 million, reflected the four- 
fold increase in price during the last 3 
years. Canada, Peru, and Japan were the 
major sources of supply with East Germany 
moving up to fourth place. No direct im- 
ports were reported from the U.S.S.R. 

The duty on unwrought, waste and scrap 
indium has been 5% ad valorem since 
January 1, 1972, for the most favored na- 
tions. Duties on waste and scrap have been 
suspended until June 30, 1978. The duty on 
wrought indium was 920. Statutory duties 
for the U.S.S.R. and East Germany were 
25% ad valorem on unwrought and 45% ad 
valorem on wrought metal. 


9 Prepared by John M. Hague, physical scientist. 


Table 7.—U.S. imports for consumption of indium, by country 
(Thousand troy ounces and thousand dollars) 


1974 1975 1976 
Country 
Quantity Value Quantity Value Quantity Value 
Unwrought, and waste and scrap: 
Belgium- Luxembourg —— TP 2 9 (1) 1 
Canadi ος r σα E Ae p 179 542 12 64 76 472 
Franoe MERE ias TM S c 12 18 
Germany: 
| Y XI HIE M 4 9 ze ΚΡ 21 114 
West. o o ß mu ua E 41 97 201 = Ac 
nni ETE 3 — ἘΠ μα 3 18 
ö·Ü g uuu ye an rN ee 3 Lut 87 600 22 130 50 398 
Netherlands 19 58 ΕΝ ape 1 16 
Pe eet y 102 328 21 116 70 476 
Switzerland  ...........-.--------------------- (3) 5 (4) 3 3m ος. 
USSR s hh reed E t te ane 1 2 =, ΠΣ 
United Kingdom ___ 60 259 19 102 20 168 
P77Üͤ a 492 1.898 114 627 274 1.801 
Wrought: 
Canada nc ee eu de 1 8 EU (1) 
JÉDl ET r Su sum κκ κών” E a (3) (3) ssa e 
South Africa, Republic off == SM EN Ce 16 8 
United Kingdom ___________________- A Bie (1) 2 mS za 
Total -eunea 1 8 (1) 2 16 7 


11.989 than 1/2 unit. 
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World Review.—The short supply si- 
tuation for indium in 1976 was caused by 
several factors working to reduce world 
supply. Cominco Ltd., the sole Canadian 
producer, released only 197,000 troy ounces 
compared with 224,000 troy ounces in 1975 
and 259,000 troy ounces in 1974. ASARCO, 
one of two U.S. producers, had announced 
in 1975 that production would be phased 
down at its Denver plant with intermittent 
production through 1976 and 1977. The 
U.S.S.R., which at times has placed large 
amounts of indium on the market, chose to 
make no sales to the United States in 1976. 
Japan, usually an indium exporting nation, 
had an unexpected increase in demand and 
imported more than 138,000 troy ounces in 
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1976. World production was estimated to be 
about 1.8 million ounces, higher than the 
1.5 million ounces in 1975 but lower than 
the 2.0 million troy ounces estimated for 
1974. 

Technology.—Polycrystalline indium 
phosphide films without pinholes were 
grown on molybdenum sheets using indium 
and phosphorus trichloride as source 
materials.“ Energy use in processing pri- 
mary indium-bearing materials was estima- 
ted in connection with a study of energy use 
in the production of other commodities by 
Battelle Columbus Laboratories; the energy 
required to produce 1 ton of indium metal 
was estimated to be 509 million British 
thermal units.! 


RADIUM? 


The major use for radium was in thera- 
peutic treatment of cancer. Replacement of 
radium by other radioisotopes continued. 

Domestic Production.—There was no re- 
ported radium production in the United 
States during 1976. Imports, withdrawals 
from company stocks, and reprocessing sup- 
plied sufficient radium to meet the small 
domestic demand. Radium Chemical Co., 
Inc., New York, was the main domestic 
dealer. 

Consumption and Uses.—Radium was 
mostly used in the therapeutic treatment of 
cancer. A few tens of millicuries of radium 
were consumed in the production of home 
alarm smoke detectors. Other uses of ra- 
dium were as a source of gamma radiation, 
used in soil moisture density gages and in 
static eliminators, although polonium-210 
was replacing radium. One traditional use 
of radium, as an illuminator on alarm 
clocks, was almost completely replaced by 
tritium; however, at least 24 millicuries of 
radium-226 was applied to about 1 million 
timepiece hands and dials. Radium is also 
used in calibration sources and laboratory 
standards. 

About 900 grams of radium was used in 
the United States, and around 93 grams was 
stored in a Government-owned depository 
in Alabama during 1976. About 48 requests 
for storage of materials containing a total of 
3,500 milligrams of radium were received by 
the Bureau of Radiological Health, U.S. 
Department of Health, Education, and 
Welfare. 


Prices.—Radium prices, per milligram 
unencapsulated, were quoted by Radium 
Chemical Co. as follows: Less than 100 
milligrams, $26.50; 100 to 199 milligrams, 
$25; 200 to 499 milligrams, $22; and 500 
milligrams to 5 grams, $18. There was no 
change from the 1975 prices. 

Foreign Trade.—Official trade statistics 
did not report trade in radium as such, but 
included radium with other radioactive 
commodities. Belgium remained the princi- 
pal source of imported radium. 

World Review.—Information on radium 
in world markets was not readily available. 
The largest radium producer and supplier 
was the Belgian company Union Miniére 
S.A. Small quantities of radium were also 
apparently produced in Canada, the United 
Kingdom, and some countries having cen- 
trally controlled economies. The industrial 
nations consumed most of the radium; use 
patterns were similar to those of the United 
States. 

Technology.—During uranium ex- 
traction nearly all the radium remains in 


10Saitoh, J., S. Matsubara, end S. Minigawa. Growth and 
Structure of Polycrystalline In dium Phosphide Layers on 
Molybdenum Sheets. J. Electrochem. Soc., v. 128, No. 3, 
1910, pp. 403-406 
11Battelle Columbus Laboratories. Energy Use Patterns 
5 


in Metallurgical and Nonmetallic Mineral 
(Phase 6 ta and Flowsheets, Low-Pri 


Da 
Commodities). BuMines Open File Rept. 117(1)-76, 1976, 
. 101-106; available for consultation at the Bureau of 
es libraries in Tuscaloosa, Ala., College Park, Md., 
Twin Cities, Minn., Rolla, oo Boulder ria Nev., Reno, 
Nev., Albany, and Salt Lake City, Utah; at the 
οτι of the Interior, Wash- 
ington, D.C.; and from Ñational unica Information 
Service, Springfield, Va., PB 261 150/AS 
12Prepared by M. L. Kahn, physical scientist. 
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the mill tailings, causing storage and possi- 
ble environmental problems. 

The U.S. Environmental Protection 
Agency, Nuclear Regulatory Commission, 
Energy Research and Development Admini- 
stration, and Bureau of Mines continued 
studying potential health hazards and possi- 
ble seepage and erosional problems of ra- 
dioactive uranium tailings. The radiation 
level within structures built on reclaimed 
phosphate lands in Florida was under in- 
vestigation. The radioactivity of 1,000 
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structures was to be studied. In addition, 
the radium-226 content of well water was to 
be measured, aerial radiation surveys were 
to be made, and mined phosphate lands in 
central Florida were to be inventoried and 
categorized. A 50-foot core sample from an 
area in Polk County emitting high levels of 
radiation was obtained for analysis. 

A tentative reference method for the 
measurement of total radium and radium- 
226 in environmental water sources was 
described. ia 


SCANDIUM"* 


Minor quantities of scandium were consu- 
med during 1976, mostly in research ap- 
plications. There was no mine production of 
scandium, and imports and industrial 
stocks were sufficient to meet demand. One 
domestic producer provided the majority of 
the scandium metal and compounds con- 
sumed. 

Domestic Production.—In 1976 there 
was no domestic mine production of sca- 
ndium. Imports and company stocks of sca- 
ndium were sufficient to supply domestic 
demand. There were two major producers of 
scandium metals and  compounds— 
Research Chemicals, a division of Nucor 
Corp., Phoenix, Ariz., supplier of about 90% 
of domestic demand; and Atomergic Cheme- 
tals Corp., Plainview, N.Y. During 1976 
there was a slight increase in the demand 
for scandium products, although this de- 
mand still totaled only a few tens of pounds. 

Consumption and Uses.—Research and 
development continued to be the major 
consumer of scandium. In addition, there 
were three main industrial uses. High- 
purity scandium metal was a component in 
special high-intensity mercury vapor lamps 
used for providing outdoor lighting for 
events televised in color. These lamps emit 
an illumination approaching the quality of 
sunlight. Small quantities of scandium 
strengthen magnesium alloys. Scandium-46 
was used for tracing underground fluid 
flows in petroleum production. Some scan- 
dium was consumed by the chemical and 
electronic industries. 

Prices.—During 1976 the prices of scan- 
dium metal and compounds remained sta- 
ble at the 1975 levels, listed in the following 
tabulation as quoted by Research Chemi- 
cals. Scandium was also available in sheet 
foil 0.001 to 0.1 inch thick at $22 to $130 per 
square inch in 1- to 10-square-inch lots. 


Per gram, ; 
Metal 1 to 99 100 to 

grams 453 grams 
Ingots ___ lor _ ασ _ __ $10.50 ` $8.00 
Powder 11.50 10.35 
Chips 5 ας 11.50 10.35 
ο. C 19.00 15.00 

e: 

99.99% _________ 5.00 4.00 
99.9% __________ 3.50 2.80 
Salts! z? 2.50 2.00 


1Salts include acetates, carbonates, chlorides, pirates. 
and oxalates in most stable, hydrous form produced from 
oxides of 99.960 minimum purity. 


Foreign Trade.—There were no official 
U.S. foreign trade statistics for scandium. 
Scandium was included in other minerals 
and metals statistics, however, scandium 
trade is believed to be minor. Based on 
available information, Australia and the 
centrally controlled economy countries 
were the principal suppliers of scandium- 
bearing raw materials. 

World Review.—Information on scan- 
dium-related activities in foreign coun- 
tries was not readily available. The indus- 
trialized nations were involved in scandium 
research and used small quantities of scan- 
dium in industrial applications. 

Technology.—Scandium is used in re- 
search and a few industrial applications. 
Most research is basic and oriented toward 
study of scandium behavior in different 
environments. However, some results may 
lead to uses of scandium in metallurgy and 
in production of ceramics, catalysts, elec- 
tronic equipment, light bulbs, nuclear 
reactors, and radioactive tracers. 5 


Environmental Protection Agency. Measurement of 
Total Radium and Radium-226 in Encdironmental Waters. 
A ΕΝ Reference Method. EPA 600 4-76 012, March 


1976,37 
M. L. Kahn, ical scientist. 
E pared by M. K Kahn, physical scientist ison, D. H. 
Chaney Pes H 6 
emistry, Physics, Metallurgy, Biology, and Techno 
Academic Press, London 197 5, 525 ο τ 
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In metallurgy, the addition of scandium 
as an alloying element is effective in 
strengthening magnesium alloys and in re- 
fining the grain size of aluminum and 
increasing its strength. Scandium spheroi- 
dizes graphite much more effectively than 
rare earths or magnesium in cast iron. The 
addition of scandium carbide to titanium 
carbide increases hardness, making this 
carbide the second hardest material known, 
exceeded only by diamond. Scandium oxide 
has better heat resistance and thermal 
shock properties than conventional mate- 
rials used in glass compositions for flame 
spray coatings. In electronics, ferrites con- 
taining scandium are used in rapid-switch 
memory cores, and scandium lowers the 
magnetic induction of these ferrites by 
about one-half. 

Α magnetically controlled switch is used 
that modulates light passing through a 
single-crystal yttrium-gallium-scandium- 
iron-garnet film. It may be used in telecom- 
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munications where laser beams are used. 
Scandium metal is also used as a neutron 
filter because it is transparent to 2-kilavolt 
neutrons but stops all other neutrons. 

Some recent research results were descri- 
bed in Chemical Abstracts in 1976. A self- 
destructive gamma ray source for guided- 
missile guidance systems, containing scan- 
dium oxide or tantalum oxide as an active 
material, was described.'* Tritides of scan- 
dium were found to be useful materials for 
determining the effects of helium accumu- 
lation in metallic solids." A scandium salt 
was reported to be a satisfactory activatable 
tracer for evaluating the performance of 
waste water treatment plants.'* Release of 
radioactivity from a scandium tritide 
electron capture detector used in gas chro- 
matography was studied. Significant trit- 
ium buildup in gas chromatography equip- 
ment and in the mailing container was 
reported as a possible health hazard to 
laboratory personnel. 


SELENIUM?” 


Domestic production of selenium from 
primary materials was 400,600 pounds in 
1976, a 12% increase over the 1975 pro- 
duction of 357,700 pounds. Shipments by 
domestic producers increased 30% to 
369,600 pounds of selenium. Producer stocks 
increased 16% over yearend 1975 stocks to 
176,700 pounds. Apparent consumption for 
the year was 989,800 pounds, the lowest 
since 1972. Continuing the 1974-76 trend, 
net imports remained at relatively high 
levels, accounting for 617,800 pounds, or 
62% of apparent consumption for the year. 
Major new copper byproduct refineries in 
Amarillo, Tex., and Ndola, Zambia, began 
production in 1976. Led by Japan, world 
production increased 8% to 2.8 million 
pounds. 

Legislation and Government Pro- 
grams.—On May 26, 1976, the General Ser- 
vices Administration (GSA) sold the last 


lot of 2,500 pounds of selenium from the 
national stockpile. Bids ranged from a low 
of $9.05 per pound to the winning bids of 
$17.015 per pound of selenium. Selenium is 
no longer a stockpile item and was excluded 
from the list of proposed new stockpile goals 
released by the Federal Preparedness 
Agency on October 1. 


16Cohen, M., and J. Fradin. Gamma-Ray Source, Self- 
Destructive in Aqueous Media. Chem. Abs., v. 84, No. 4, 
Jan. 26, 1976, p. 444. 

17Perkins, W. G., W. J. Kass, and L. C. Beavis. Helium-3 
Release Characteristics of Metal Tritides and Scandium- 
Tritium Solid Solutions. Chem. Abs., v. 85, No. 10, Sept. 6, 
1976, p. 458. 

18Craft, T. F., and G. G. Eichholz. The Use of Activatable 
Tracers in the Evaluation of the Performance of Wastewa- 
ter Treatment Plants. Chem. Abs., v. 85, No. 18, Nov. 1, 
1976, p. 416. 

l9Carlton, W. H., W. E. Braselton, Jr., and E. D. 
Bransome, Jr. Release of Radioactivity From a Scandium 
Tritide Electron Capture Detector Used in Gas Chroma- 

phy. Chem. Abs., v. 84, No. 4, Jan. 26, 1976, p. 442. 
pared by George J. Coakley, physical scientist. 
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Table 8.—Salient selenium statistics 
(Pounds of contained selenium) 


1972 


United Sta 


Production, primar:êTt7wqmqỹtR _ _ -..... 739,035 
Shipments to consumers 760, 653 
Imports for consumption 430,000 
Exports, metaall1Lẽll ,000 
Shipments from Government stocks 13,840 
Apparent consumption 984,493 
Stocks, yearend, producer rr 160,720 
Producers' price, average per 
pound, commercial and high- 
pussy grades πο munas (08 $9-$11.50 
World: Refinery production 2,721,000 


"Estimate. 


Domestic Production.—In the United 
States in 1976 primary selenium was re- 
covered at three copper refineries; AMAX 
Copper, Inc., Carteret, N.J.; ASARCO Incor- 
porated, Amarillo, Tex.; and Kennecott Cop- 
per Corp., Magna, Utah. 

In addition anode slimes recovered from 
the electrolytic tanks of copper refineries 
and residues of pollution abatement plants 
at nonferrous smelters and refineries owned 
by other foreign and domestic mining com- 
panies were shipped to these plants for 
recovery of gold, silver, selenium, and tellu- 
rium. 

High-purity selenium and various sele- 
nium compounds were produced by primary 
and other processors from commercial- 
grade metal. 

ASARCO began production of selenium 
from its byproduct recovery circuit at the 
new Amarillo, Tex., copper refinery in early 
1976. Selenium production continued to be 
affected by the sluggish copper market and 
the reduced levels of available slimes. In 
1976 the U.S. electrolytic copper refineries 
operated at about 70% of capacity. 

Data on actual recovery of selenium from 
secondary material were not available, but 
it has been estimated that in 1976 around 
190,000 pounds of selenium were refined 
from scrap recovered from rectifiers and 
from xerographic and chemical processes.?! 
Part of the scrap supply is reprocessed in 
Canada and returned to U.S. markets for 
consumption. 

Consumption and Uses.—Apparent con- 
sumption of selenium in 1976, consisting of 
shipments from primary producers, net im- 
ports, and stockpile releases, decreased 7% 
to 989,000 pounds from 1975 and nearly 
37% from 1974. The reduced demand for 
selenium-bearing materials in glass, pig- 
ments, specialty steels, and electronic com- 
ponents still mirrored the impact of the 
1974-75 recession on construction and man- 
ufacturing activity in the U.S. economy 


1973 1974 1975 1976 
195,131 644,055 357,722 400,609 
851,200 670,875 284,47 369,588 
553, 837,191 889,320 811,257 

*264,000 166,206 117,596 193,484 
228,689 223,606 6,169 2,470 

1,368,889 1,565,466 1,062,372 989,831 
105,950 19,130 152,373 176,742 

$9.25-$12.36 $16.53-$19.19 $18-$22 $18-$22 

2,682,000 2,667,679 2,560,517 2,773,256 

during this period. Trends in 1976 su ¿sted 


the following estimate of selenium pur- 
chases and consumption by end use catego- 
ries: Electronic and photocopier compo- 
nents, 3596; glass manufacturing, 30%; che- 
micals and pigments, 25%; and other, 10950. 

In electronic and photocopier applications 
selenium is used in semiconductors, pho- 
toelectric cells, and calculators, and as the 
key photoreceptor element in xerography. 
High-purity grades of selenium are prefer- 
red in these applications. 

A major consumer of selenium is the 
glass-manufacturing industry; 0.02 to 0.03 
pound of selenium is added per ton of glass 
to neutralize the green iron discoloration. 
Dark-colored  selenium-bearing environ- 
mental glass is used as an energy conserva- 
tion material in office windows to reduce 
glare and heat transfer. 

The main use of selenium in the indus- 
trial chemical field is in cadmium sulfosele- 
nate compounds, which are used widely as 
yellow and red pigments in plastics, paints, 
inks, and enamels where long life, brillian- 
cy, light, heat, and chemical stability are 
required. Selenium is also used as a dan- 
druff treatment and in other pharmaceuti- 
cal preparations. 

Demand for selenium in other end uses 
included the addition of small amounts of 
ferroselenium to stainless steel to improve 
casting, forging, and machining character- 
istics. There are also minor applications for 
elemental selenium and selenium diethyldi- 
thiocarbamate in the processing of natural 
and synthetic rubber. Selenium in the form 
of sodium selenite is added to premixed 
chicken, swine, and turkey grain feed addi- 
tives as a nutrient to control diseases and to 
increase the rate of growth. 

Stocks.—The drop in consumer demand 
for selenium contributed to an increase in 


21Baltrusaitis V. A. Selenium—Demand Rises From 
7 Eng. and Min. J., v. 178, Νο. 3, March 1977, 
pp. l 
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U.S. producer stocks. Yearend stock levels 
of 176,700 pounds were the highest since 
1971. Stock levels represent about 2 months' 
supply at the 1976 rate of consumption. 

Prices.—Selenium is usually sold as mi- 
nus 200-mesh commercial-grade powder 
containing 97% to 99.94% selenium or as 
high-purity grade in pellets, sticks, and 
powder containing 99.95% to 99.99 + 60 sele- 
nium. Pellets containing 99.999+% sele- 
nium are also available. 

Domestic producer prices for commercial- 
grade selenium remained at.$18 per pound, 
unchanged since May 1974; prices for high- 
purity grades remained at $21 to $22 per 
pound, unchanged since January 1975. U.S. 
and European dealer prices moved approx- 
imately in unison during 1976, increasing 
from a January low of $9.50 for commercial- 
grade selenium to a high of $20 per pound 
in late April. Dealer prices held at $17 to 
$18 per pound from May to October, then 
declined to $12 to $14 per pound by yearend. 

Foreign Trade.—Selenium exports in- 


1469 


creased 6596 over 1975 to 193,484 pounds 
valued at $2,559,258, with an average value 
of $13.28 per pound. As shown in table 9, the 
United Kingdom (95%), Canada (2896), West 
Germany (9%), and the Netherlands (9%) 
took delivery of the major share of exports. 

Selenium imports for consumption 
decreased to 811,257 pounds from the record 
high 1975 level of 889,320 pounds; the value 
of imports increased 18% to $12,117,580. 
The average value of unwrought selenium 
metal imported during the year was $15.06 
per pound and for selenium dioxide $12.06 
per pound. Canada supplied 43% by quan- 
tity and 56% by value, and Japan, 2396 and 
18%, respectively, of all selenium imported. 

U.S. import tariff schedule items 632.40— 
selenium metal, unwrought, other than al- 
loys, and waste and scrap; 420.40—selenium 
dioxide; and 420.52—selenium salts, were 
duty-free at yearend. The duty on Item 
420.54, other selenium compounds, was 5% 
ad valorem. 


Table 9.—U.S. exports of selenium in 1976, 


by country 
Country tity Value 
(poun 

Argentina 122 $1,100 
Belgium- Luxembourg 9,900 167, 358 
Bolivia __ _ _ 196 4,402 
ων ποιο . 4,200 48,094 
Canada .. _ _ -- 54,715 393, 644 
Prance 2 nn 3 uu u ceu 1,764 
Germany, Wett 17,932 301,799 
οκ ο u et aS 62 1,264 
Italy o oo ο σπα παν 9,616 100,043 
Pp cemere T Ds 3,944 125, 830 
MeO ea ee 5,132 63,465 
Netherlands 344 282, 773 
pum ποια ο esa - 1,107 13,284 

nited Kingdom ___________ 67,248 1,038,338 
U | ee οι ee 200 4, 
Venezuela _______________ 1,100 12,100 
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Table 10.—U.S. imports for consumption of selenium in 1976, by country 


(Pounds of contained selenium) 


Country 


Unwrought, and waste and scrap: 
ustrali 


ο ος FERE te ee 
Belgium-Luxemboun gg 
1///ͤ ⁵¼é uh mt x LU 2 


J%00U πμ oe ß σώμα 
China, . Republic okt 
est 


Germany. 
pan 


Salts: 


Germany, Wet 
nh ð K e Le 


United 


World Review. —Japan continued as the 
world's leading selenium producer in 1976 
with an output of 1,015,000 pounds, followed 
by Canada with 760,000 pounds. The 
U.S.S.R. is known to be a major producer, 
but data are not sufficient to estimate 
annual production. 

Australia. —Peko-Wallsend Ltd. has been 
Australia's largest producer of gold, bis- 
muth, and selenium since 1973. No sele- 
nium production was reported by the com- 
pany in 1976. The three copper mines and 
copper smelters at Tennant Creek, North- 
ern Australia, were shut down all year 
owing to the weak copper market. Of the 
two gold mines still operating, Juno and 
Warrego, the Juno was nearly depleted by 
yearend. Until copper operations resume 
and underground development work at the 
Warrego mine is completed, production of 
recoverable selenium at Tennant Creek is 
expected to be small. 

The only source of refined selenium in 
Australia continued to be The Electrolytic 
Refining & Smelting Co. of Australia Ltd. at 


Quantity Value 
σσ κο ĩð2 E 4,409 $47,051 
222 m 10,917 158, 181 
JJ (8 4,519 35,941 
MERERI GC 844,108 6,693,851 
Sn IRE ͤ K 8 31,305 361,769 
Nep κοπο οπών 1,102 17,086 
ποπ 8 11,404 167,911 
2% cU SPINA dE 187,999 ,166,873 
22ͤ - 41.269 0,856 
DEDOS TP κο 8 7, 885 84,729 
C 86 26.744 148,255 
JV ! 2, 640 535 
JJJJJ.ͤͥͤ [„ 26,687 48,644 
nnn 8 19 596 
JJ 8 10,061 277,775 
Ei E EE saus 68,211 924,175 
ια το 779,279 11,739,728 
UE I E UR E ,208 24,282 
DONNER Re PS SSK s 14,402 182,779 
zu ede M m 2,205 19,780 
22; ος C 18,815 226,841 
mcum A 220 7,128 
JJ ͤ v EP CANNE 143 357 
JJ ? 363 7,480 
ENIN PEE ENE 8 2,778 39,690 
En RR PE S 1,100 21,837 
ο ο πολλα 8 6,963 52,565 
πο SESA EES OE a ce 396 1,149 
Oe te μμ 8 1,563 290 
Soa ut 8 12,800 143,531 
%%%; 88 811.257 12, 117, 580 


Port Kembla, New South Wales. 

Belgium. As part of a 5-year expansion 
program begun in 1974, Metallurgie 
Hoboken-Overpelt, one of Europe’s largest 
selenium producers, is increasing its sele- 
nium production capacity. At yearend its 
annual capacity was approximately 331,000 
pounds. 

Canada.—Selenium production from pri- 
mary raw materials has decreased since 
1971 as an increasing amount of copper 
production from Canadian mines is derived 
from selenium-poor ores. The major sele- 
nium producers, Canadian Copper Refiners 
Ltd. (CCR) owned by Noranda Mines Ltd. 
and The International Nickel Co. of Canada 
Ltd., have annual capacities of 500,000 
pounds and 180,000 pounds of selenium, 
respectively. In 1976 production of selenium 
in all forms, from Canadian copper refine- 
ries, plus refined selenium from domestic 
primary materials amounted to 760,000 
pounds valued at Can$12.2 million, compa- 
red with 755,000 pounds valued at Can$13.9 
million in 1975. In 1975 Canada consumed 


MINOR METALS 


21,900 pounds of selenium domestically, 
75% in glass manufacturing and the re- 
mainder in steel and pharmaceutical uses. 

Japan.—The output of selenium by the 
Six Japanese producers increased 10% in 
1976 to 1,014,586 pounds. Stocks at yearend 
amounted to 205,800 pounds, representing a 
17% decrease from 1975.22 
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Zambia.—The new precious metals refin- 
ery at Ndola, designed to recover gold, 
silver, and selenium from copper tankhouse 
slimes, became operational in late 1976. 
This is the first African selenium refinery 
and will recover seleninum from materials 
previously refined in Europe. 


Table 11.—Selenium: World refinery production, by country! 


(Pounds) 
Country? 1974 1975 1976P 
"La I ß e e 3NA 3NA NA 
Bélnüm oic ic ³¹˙Üt5eü ͤ μι a αρα ομως 155,000 145,000 180,000 
ασ IPC V 8 736,233 754,845 760, 000 
CJ EXC EIC A a ahua Sas uyu ass °39,700 26,056 30,000 
Finland μπω qͥ ĩ§Ü AAA 2 ²⁰mm ον d eee E DE 21.363 18,689 21.894 
e d ß EN ML ME 735,390 920,089 1,014,586 
MeXIGO m ss e eco e . vy d ĩ 110,231 127, 127,868 
Per (io secte ⁰⁰ygae. y yt y OE Fae i e AE 17,079 14,744 19,299 
Sweden" s» ß ß ee ee he 120,000 100,000 120,000 
United States. ³hAͥͥ c %⅛Ü2,0“vj ieu Si iu n a 644,055 357,722 400, 609 
bis s PD ↄ¼ↄ . d κα mas rg8, 628 95,504 ; 
V ——— — À—Ó YS 12,667, 679 2,560,517 2,773,256 
Estimate. Preliminary. Revised. NA Not available. 


1Insofar as possible, data relate to refinery output only; to avoid double-counting countries are excluded that produce 


selenium contained in copper ores, copper concentrates, 
refined selenium from these materials indigenously. 


lister copper, and/or refinery residues, but that do not recover 


2In addition to the countries listed, West Germany, the U.S.S.R., and Zambia produce refined selenium, but output is 
not reported, and available information is inadequate for formulation of reliable estimate of output levels. 
The output of Peko-Wallsend Ltd., reported in the previous edition of this chapter as Australian output, has been 


deleted because it represented the content of intermediate prod 
elsewhere to recover elemental selenium. Australia has one metallurgical facility t 


ical operations which are treated 
t can recover selenium (the Port 


ucts of metallu 


Kembla refinery of The Electrolytic Refining & Smelting Co. of Australia Ltd.), but output, if any, by this facility is 


unreported and no basis is available for estimation. 


Net exports (exports minus imports) plus an estimate for domestic consumption. 
5Refinery output from all sources, including imported materials and secondary sources. 


Technology.—A symposium, Selenium 
and Tellurium in the Environment, held at 
Notre Dame, Ind., in May highlighted the 
continued medical and biochemical re- 
search into the essential nature of selenium 
in animal and human nutrition. Studies 
indicated that excess exposure to most in- 
dustrially generated selenium compounds 
may cause temporary but not lethal toxic 
effects. More research is required to better 
understand and to control the possible ef- 
fects of selenium released into the atmos- 
phere from coal-burning plants and into the 
groundwater from uranium- processing 
plants. 

The National Academy of Sciences pub- 
lished the results of a study on selenium, 
giving natural sources and methods of 
analysis; describing its physical and chemi- 
cal nature, its biologic effects, and its re- 
lation to other pollutants; and discussing 
margins of safety. The report suggests that 


selenium is probably not a significant pollu- 
tion problem but recommends a number of 
areas where further research is needed. 
Results of a study showed that the energy 
required to produce 1 net ton of selenium 
powder was equal to 297 million Btu.*5 


22Japan Metal Journal. ‘Rare Metals‘ in 1976. V. 7, No. 


11, Mar. 14, 1977, p. 5. 

Industrial Health Foundation, Inc. Proceedings of the 
Symposium on Selenium—Tellurium in the Environment. 
(Univ. of Notre Dame. May 11-13, 1976). Pittsburgh, Pa., 
1976, 385 pp. 

National Academy of Sciences. Selenium. Medical and 
Biologic Effects of Environmental Pollutants Series, 1976, 
205 pp. 

25Rattelle Columbus Laboratories. Final Report on En- 
ergy Use Patterns in Metallurgical and Nonmetallic Min- 
eral Processing (Phase 7 - Summary of the Results of 
Phases 4, 5, and 6). BuMines Open File Rept. 117(2)-76, 
Sept. 21, 1976, 31 pp; available for consultation at the 
Bureau of Mines libraries in Tuscaloosa Ala., College Park, 
Md., Twin Cities, Minn., Rolla, Mo., Boulder City, Nev., 
Reno, Nev., Albany, Oreg., Salt Lake City, Utah, and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C; and from National Technical Inform- 
ation Service, Springfield, Va., PB 261 151 1AS. 
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TELLURIUM?S 


Domestic Production.— Tellurium was 
recovered domestically as a byproduct of 
electrolytic copper refining only by AMAX 
Copper, Inc., at Carteret, N.J., and ASAR- 
CO Incorporated, at its newly opened plant 
at Amarillo, Tex. Commercial-grade tellu- 
rium and tellurium dioxide were also pro- 
duced from the precious- metal-rich anode 
slimes shipped from other domestic copper 
refinery tankhouses. High-purity tellurium, 


tellurium master alloys, and tellurium com- 
pounds were produced by primary and in- 
termediate processors from commercial- 
grade metal and tellurium dioxide. Tellu- 
rium production and shipments by produ- 
cers in 1976 increased relative to the 1975 
levels of 131,000 pounds and 163,000 pounds, 
respectively. Producer stocks dropped from 
the preceding yearend inventory of 55,000 
pounds. 


Table 12.—Salient tellurium statistics 


(Pounds of contained tellurium) 
1972 1973 1974 1975 1976 

United States: 

Refinery production ...............----------- ---.-.-----...----.-- 251,229 240,879 191,824 130,844 W 

Shipments to consumers 271,134 286,721 160,162 163,089 W 

Imports for consumption... _ 2222-2 146,128 779,159 164,344 97,350 203,584 

Apparent consumption_______.____.-__._______ 417,262  '365,880 324506 260,439 W 

Stocks, yearend, DrOdüCer 2250 . eras 102,121 56,279 87,441 55,196 W 

Producers' price: Average per 

pound, commercial grade |... -....... . -. --. - -. -. $6 $6.05 $8.34 $9. $10.83 

World: Refinery production... -.- ------------... "tos 396,000 446,000 "466,866 314,950 


TRevised. ΝΑ Not available. 


Consumption and Uses.—Apparent con- 
sumption of tellurium increased substan- 
tially over the 1975 demand of 260,000 
pounds. Tellurium consumption by end use 
in 1976 was estimated as follows: Iron and 
steel production, 77%; nonferrous metal 
production, 14%; chemical uses, 596; and 
other uses including rubber manufacturing, 
496. Tellurium is used in its elemental state 
as a free-machining agent in stainless steel 
and copper production, in the chilling of 
malleable cast iron, and as a curing agent 
and accelerator in rubber compounding. 
Bismuth and lead telluride alloys are used 
in semiconductor and minor thermoelectric 
applications. Tellurium is used in the diox- 
ide state in the forming and tinting of glass 
and as a chemical catalyst. Applications for 
tellurium are somewhat limited by the 
relatively small availability of refined mate- 
rial and by price. These factors make tellu- 
rium susceptible to substitution, particular- 
ly by lead in free-machining applications, 
where the lead exhibits many of the same 
properties as tellurium. Selenium and sul- 
fur can substitute for tellurium in rubber 
compounding, and germanium or selenium 
also substitute in some semiconductor ap- 
plications. 

Prices.—The U.S. producer price for 
commercial-grade tellurium was $10 per 
pound from January through October. On 
November 1, U.S. producers increased the 


W Withheld to avoid disclosing individual company confidential data. 


price to the Canadian producers’ level of $12 
per pound, which became effective on July 
1, and where it remained through yearend. 
In response to high demand and tight sup- 
plies of tellurium, the North American 
producer price increased to $15 per pound 
in early January 1977. Dealer prices were 
reportedly near $20 per pound by yearend. 

Tellurium is usually marketed in the 
form of minus 200-mesh powder or as slabs, 
tablets, or sticks. Normal commercial 
grades contain a minimum of 99% or 99.5% 
tellurium. Further refining through distil- 
lation and sublimation processes produces 
high-purity grades, chiefly for use in semi- 
conductors containing 99.95%, 99.999%, 
and 99.9999% tellurium. 

Foreign Trade.—Tellurium metal im- 
ports nearly doubled in 1976 to 182,487 
pounds valued at $1,583,375, with an aver- 
age delivered value of $8.68 per pound. In 
addition 21,047 pounds of tellurium in com- 
pounds was also imported. Canada with. 
70% and Peru with 26% supplied the major 
share of all imports. There are no data on 
tellurium exports. 

The U.S. tariff for 1976 on TSUS Item 
632.48, tellurium metal, unwrought, other 
than alloys, and waste and scrap, was 4% ad 
valorem; the tariffs on TSUS Items 421.90, 
tellurium compounds, and 427.12, tellurium 
salts, were 5% ad valorem. 


26Prepared by George J. Coakley, physical scientist. 
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Table 13.—U.S. imports for consumption of tellurium in 1976, by country 
Country Pounds Value 

Unwrought, and waste and scrap: 
Canada ß ών d eec S 121,380 $804,418 
Germany, Wost 1—— σα ών ο te ο ο E = 1 364 
pam ODER nV RPM PEN 300 5,861 
Netherlandg ——— ως Lum eai CL LT UE ata Sasa 8,516 46,377 
οι ls uto ο in dtc d mt N 53,787 675,086 
United Kingdom ___ xL emen tt ⁰yd den eee Rr RA 3,503 51,269 
Toal Tr ECT HS 182,487 1,583,375 

Compounds: 

Belgium-Luxembourg .------------------------------.------.----------------.-.-- 623 
dd. cc clc yddddddſͤã Zn M y ß 21,018 158997 
Germany, West πο dd I DL ULL. 856 
Fh... es À... 7 658 
ql zx uzanan ³o·md ES 21047 161,134 
Grand total ³· AE I DE Lr μοι aaa 203,534 1,744,509 


World Review.—The United States main- 
tained its position as the world's largest 
producer and consumer of tellurium. 
Between 1971 and 1975 domestic production 
accounted for over half of the reported new 
refined tellurium in market economy count- 
ries. During the same period the United 
States consumed nearly 80% of this repor- 
ted world production. Production of tellu- 
rium outside the United States was estima- 
ted at 200,185 pounds. The other main 
producing countries were Canada, Japan, 


and Peru. The U.S.S.R. is known to be a 
substantial producer of tellurium, but insuf- 
ficient information is available to estimate 
production. During the tight supply sit- 
uation of 19776, the U.S.S.R. reportedly was 
selling tellurium at premium prices on the 
open market. In Fiji low gold prices threat- 
ened to close the Emperor gold mine. Gov- 
ernment and corporate subsidies would be 
required to continue future gold and bypro- 
duct tellurium recovery operations. 


Table 14.—Tellurium: World refinery production, by country! 


(Pounds) 
Country? 1974 1975 1916 

Canadi Sorea rea n Lati Maie enit sum apas A ET 7138,031 90,348 110,000 
J ο c ος ο. RA 57,100 °47,000 °63,000 
e μμ It e οκ μμ καπως πα κια 80,411 46,158 21,185 
United States nennen xx 191,324 130,844 W 
J scc ee Va C ει ee ot Ee Τ466,866 314,950 *NA 
*Estimate. Preliminary. "Revised. NA Not available. W Witheld to avoid disclosing individual company 

confidential data. 


!Insofar as possible, data relate to refinery output only; thus countries that produce tellurium contained in copper 


ores, cO 


to avoid double counting. 


r concentrates, blister copper and/or refinery residues, but that do not recover refined tellurium, are excluded 


2In addition to the countries listed, Australia, Belgium, West Germany, and the U.S.S.R. are known to produce refined 
tellurium, but output is not reported, and available information is inadequate for formulation of reliable estimates of 
output levels. Moreover, other major copper refining nations such as Chile, Zaire, and Zambia may produce refined 


tellurium, but output in these nations is conjectural. 


Refinery output from all sources, including imports and secondary sources. 
*Not totaled because of the exclusion of United States' data owing to company confidentiality. 
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THALLIUM?" 


Domestic Production.—The only domes- 
tic producer of thallium and its compounds 
was the Globe plant of ASARCO Incorpora- 
ted at Denver, Colo. The plant recovered 
thallium as a byproduct from residues of 
base metal ore smelting, principally zinc. 
Production of compounds in 1976 was about 
50 times greater than in 1975. No metal was 
produced, but shipments almost doubled 
over those of 1975. 

Uses.—Apparent consumption in 1976 
was about 1,800 pounds. The current uses 
for thallium include low-melting alloys, low- 
temperature thermometers and mercury 
Switches, additives for altering the re- 
fractive index of glass, high-density liquids 
for sink-float separation of minerals, photo- 


sensitive devices, infrared light transmis- 
sion devices, and as an additive to mercury 
lamps. 

Prices.—The price of thallium in 25- 
pound lots has been $7.50 per pound since 
the end of 1957. 

Foreign Trade.—U.S. imports for con- 
sumption in 1976 were 66 pounds of 
unwrought thallium, waste and scrap, val- 
ued at $799, and 775 pounds of compounds 
valued at $17,018. The amount of imported 
metal was 9990 less than in 1975. 

World Review.—In addition to the United 
States, Belgium, West Germany, and the 
U.S.S.R. produced refined thallium metal. 


"Prepared by V. Anthony Cammarota, Jr., physical 


scientist 


Table 15.—U.S. imports for consumption of thallium in 1976, by country 


Country of origin 


Unwrought, 


Compounds and waste 
Pounds Value Pounds Value 
μα ση ot — 2 $387 
5 771 316, 706 M ae. 
35 κος Ἔν 64 412 
F 4 312 κ. e 
5 775 17,018 66 799 
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By Staff, Division of Nonmetallic Minerals 
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GREEN SAND! 


Greensand, which is widely distributed in 
the Eastern United States, was produced in 
1976 only by the Inversand Co., a subsidiary 
of Hungerford & Terry Inc., near Clayton, 
N. J. Production and sales information is 
withheld by the Bureau of Mines. 


Raw greensand produced by the company 
was sold for agricultural use as a soil con- 
ditioner. Processed greensand was sold for 
use as a filter medium for the removal of 
manganese, iron, sulfide, and other ele- 
ments from water. 


IODINE? 


The world iodine industry, characterized 
by short-lived economic cycles, began to 
recover in 1976 from the surplus supply 
accumulated in 1975, but greater demand 
was easily met by withdrawals from stocks. 
Of the three major market economy coun- 
tries producing crude iodine, only Japan, by 
far the largest supplier, increased output 
over the 1975 level. The output of both the 
United States and Chile declined in 1976. In 
all three countries iodine is a byproduct, 
and therefore is dependent on the primary 
product. Japanese iodine is processed from 
natural gas brines, Chilean iodine is asso- 
ciated with the nitrate industry, and U.S. 
iodine, with bromine. The quoted market 
price of $2.59 per pound remained stable 
during 1976, but actual sales were discount- 
ed 10% to 20%. Increased U.S. demand for 
crude iodine was reflected in greater con- 
sumption by the major chemical companies, 
up 20% from that of 1975, and an increase 


in imports of 22%; furthermore, company 
inventories decreased 2096 during the year. 

The small production of The Dow Chemi- 
cal Co, the only domestic producer, fell 
significantly from the 1975 level. With the 
entrance of a new U.S. producer early in 
1977, the ratio of domestic supply to de- 
mand is expected to change significantly. 
The new plant near Woodward, Okla., own- 
ed jointly by PPG Industries, Inc. and Amo- 
co Production Co., will have a capacity to 
produce 2 million pounds per year from 
brines averaging 300 parts per million io- 
dine, which will be the only product of the 
operation. 

Plans to expand iodine operations in 
Japan were not fully realized in 1976. 
Although total production increased 2.196 
over that of 1975, Japanese plants were not 


Prepared by Richard H. Singleton, physical scientist. 


2Prepared by Sandra T. Absalom, physical scientist. 
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operating at full capacity, and may not 
reach capacity in the near future because 
world demand is being met from excess 
inventories. The Japanese will be assessing 
the effect of the new U.S. producer on the 
world market, as well as the effect of 
possible release of iodine supplies from the 
U.S. Government stockpile. Chile's output 
of crude iodine in 1976 was only about 
three-fourths of 1975 production; nearly a 
quarter of this was exported to the United 
States. The industry is studying possibilities 
for new markets that would further im- 
prove the supply/demand situation. 

Legislation and Government  Pro- 
grams.—On December 31, 1976, the U.S. 
Government strategic stockpile contained 
8,011,814 pounds of iodine, the same quan- 
tity reported at yearend 1975. The stockpile 
goal for iodine was changed during the year 
to 3,333,000 pounds. No iodine disposals 
were authorized. 

The depletion allowance for iodine re- 
mained at 14% of gross income, and may 
not exceed 50% of net income without the 
depletion deduction. 

Domestic Production.—The Dow Chemi- 
cal Co., supplied a small part of the total 
U.S. requirement for 1976. A coproduct of 
bromine, calcium and magnesium com- 
pounds, and potash from subterranean 
brines at Midland, Mich., iodine is recover- 
ed by the standard two-step process used by 
Dow since 1964. Iodine production in 1976 
declined from the 1975 level in both quan- 
tity and value. 

Consumption and Uses.—According to 
the Bureau of Mines canvass for 1976, 
approximately 5.3 million pounds of iodine, 
representing a 20% increase over total io- 
dine consumption in 1975, was consumed by 
31 plants in 14 States. Eighteen of these 
plants, which were located in the leading 
consumer States of Missouri, New York, 
New Jersey, and Pennsylvania (in decreas- 
ing magnitude of consumption), accounted 
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for 71% of total iodine consumption. 

While the canvass information indicates 
a general consumption pattern, establishing 
an accurate pattern of demand by end use is 
difficult because iodine is frequently conver- 
ted into intermediate compounds and mar- 
keted as such before reaching its ultimate 
end use. Moreover, iodine and iodides used 
in catalytic and other dissipative processes 
are not well covered. This situation has 
been revealed consistently in recent years 
by import figures that exceeded reported 
consumption figures; in 1976 iodine imports 
exceeded reported consumption by 1.2 mil- 
lion pounds. Coupling imports with domes- 
tic production and inventory withdrawals, 
apparent consumption in 1976 was about 7.2 
million pounds. Comparision of the results 
of the 1976 canvass with 1975 figures show- 
ed increased consumption of crude iodine 
for making iodine chemicals in all major 
categories except one. Following are com- 
parative percentages: Organic compounds, 
up 9%; total inorganic compounds, up 32%, 
including potassium iodide, up 72.5%, am- 
monium iodide, down 7%, sodium iodide, up 
28%; and resublimed iodine, up 10%. 

The major downstream uses for iodine in 
1976 were divided into the following catego- 
ries: Catalysts for synthetic rubber, 22%; 
stabilizers (as in nylon precursors), 15%; 
animal feed supplements (mainly for cattle), 
15%; inks and colorants, 14%; pharmaceuti- 
cals, 14%, sanitary and industrial disin- 
fectants, 10%; photographic film, 4%; and 
other uses, 6%. The category “Other uses" 
includes the making of high-purity metals, 
motor fuels, iodized salt, smog inhibitors, 
and lubricants. Iodine also has application 
in cloud seeding and radio-opaque diagnosis 
in medicine. 

The prospect of expanding demand for 
iodine appears most promising for catalytic 
uses. At present, iodine catalysts are used to 
produce synthetic rubber, stabilized rosin, 
and tall oil. Proposed new uses for iodine 


Table 1.—Crude iodine consumed in the United States 


1975 1976 
Consumption Consumption 
Prod Numbe Numbe 
ue 97 d Thou Percent of i Thou- Percent 
plants sand of plants sand of 
pounds total pounds total 
Resublimed iodine __ _ _ .------- 6 633 14 697 13 
Potassium iodide __ _ . _ -- 730 17 9 1,259 

Other inorganic compounds --------------- 15 845 19 14 953 18 
Organic compounds ........-- ------------------------ - 21 2,193 50 20 2,389 45 
Total oe cst ου αρ... 131 24,400 100 13) 5,298 100 


1Nonadditive total because some plants produce more than one product. 
2Data do not add to total shown because of independent rounding. 
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catalysts are related to two processes, coal 
gasification and thermonuclear production 
of hydrogen, that could provide alternatives 
to fuel oil. Proven economic feasibility of 
either process, which may not be achieved 
for many years, could lead to substantial 
new demand for iodine. Wider use of iodine 
as an alternative to chlorine in water purif- 
ication is also anticipated. | 
Prices.—The quoted price for crude io- 
dine remained at $2.59 per pound through- 
out 1976, but actual sales were discounted 
from 10% to 2096. As the leading vendor of 
crude iodine in the world market, Japan 
exemplified this trend in discount sales 
with total exports for the year averaging 


Iodine, crude, runs 


Resublimed iodine, USP, gran., 
100-pound drums, works 
Calcium iodate, drums, delivered 
Calcium iodide, 35-pound drums, 
works 
Potassium iodide, USP, gran. 
crystals, drums, 1,000-pound lots, 
delivered 
Sodium iodide, USP, crystals, 
300-500 pound lots, drums, 
freight . 
Iodoform, NF, 300- pound drums, 
f. o. b. wor 


Source: Chemical Marketing Reporter, Dec. 27, 1976. 


Foreign Trade.— The quantity and value 
of crude iodine imported by the United 
States in 1976 exceeded that of 1975 by 22% 
and 18%, respectively, but remained below 
1974 levels. The average value of imported 
crude iodine dropped from $2.21 per pound 
in 1975 to $2.18 per pound in 1976. Of the 
6.5 million pounds imported, 90% was from 
Japan and 1096 was from Chile. Although 
Chilean iodine did not find the ready mar- 
ket in the United States that it traditionally 
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$2.14 per pound, 17.5% below the official 
price and 5% below the average price of 
$2.28 per pound for Japanese exports in 
1975. Although U.S. demand for iodine and 
iodine compounds in 1976 increased some- 
what over that of 1975, and surplus stocks 
in the United States were decreased about 
20%, the continued existence of these in- 
ventories plus a new source of U.S. pro- 
duction planned for 1977, combined to exert 
downward pressure on prices. Higher pro- 
duction costs may have counterbalanced 
this pressure to some extent, however. The 
quoted U.S. prices for the element and its 
primary compounds at yearend 1976, 
unchanged from yearend 1975, were as 
follows: 


Per pound 


3.16 


9.16 
7.75-14.30 


enjoyed prior to 1972 (in 1971 U.S. imports 
from Chile amounted to 41% of total im- 
ports) imports did increase by 81% over 
those of 1975. Total imports of other iodine 
compounds, including resublimed iodine, 
were insignificant compared with crude io- 
dine imports. 

Tariff rates were 8 cents per pound on 
resublimed iodine and 12 cents per pound 
on potassium iodide. Crude iodine enters 
the United States duty free. 


Table 2.—U.S. imports for consumption of crude iodine, by country 
(Thousand pounds and thousand dollars) 


OSEE 1974 1915 1976 
kusi Quantity Value Quantity Value Quantity Value 
J;öÜͥũ. ꝗlj ee eee ee 1,505 2,972 365 856 661 1,253 
Japan oll 0 E 6,465 11,877 4,944 10,865 5,821 12,571 
r ⁰ κε a ee 7,970 14,849 5,309 11,721 6,482 18,824 


World Review.—Chile.—Production of 
crude iodine dropped in 1976 to 3.1 million 
pounds, a decrease of 28% from the 4.3 
million pounds produced in 1975. Iodine, a 


byproduct of potassium and sodium nitrates 
extracted from Chile’s caliche deposits, is 
tied to nitrate production, which decreased 
15% in 1976. Because of its dependence on 
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the nitrate industry, Chilean iodine has 
limited flexibility with respect to supply 
and demand. With the development of 
synthetic fertilizers after World War I, the 
once-flourishing natural nitrate industry 
has suffered considerably, and gradual ob- 
solescence of the extraction technology has 
limited production as well. In 1976, Govern- 
ment-owned Sociedad Quimica y Minera de 
Chile S.A. (SOQUIMICH) produced all re- 
ported nitrates and iodine from only three 
mines and plants: Pedro de Valdivia, Maria 
Elena, and Victoria. Combined capacity for 
all three amounted to about 4.8 million 
pounds per year of crude iodine, but this is 
expected to decrease as equipment wears 
out. After realizing a $25 million deficit in 
1975, SOQUIMICH abandoned all invest- 
ment projects to increase production and 
retained only those that would reduce costs. 
In 1976, the industry began to operate 
without the need for subsidies. 

Exports to the United States increased by 
81% in 1976 to 661,000 pounds, a quantity 
still well below the 1974 figure of 1,505,000 
pounds. About 21% of Chile's iodine pro- 
duction was exported to the United States 
in 1976; most of the balance went to West- 
ern Europe and Latin America. 

To support employment objectives, 
Chile's nitrate/iodine industry is labor in- 
tensive, maintaining more than 8,000 wor- 
kers in caliche processing plants and com- 
plementary port operations. While most of 
the nitrate products are produced at a loss, 
in 1976 the byproduct iodine showed a 
profit, costing $0.90 per pound to produce, 
and selling for $2.26 per pound. 

China, People's Republic of.—Although 
data are not available, it is believed that 
China consumes about one-fourth the 
quantity of iodine consumed in the United 
States. Demand is increasing for iodine for 
food supplements and catalysts. Domestic 
production from brines and possibly sea- 
weed appears sufficient to satisfy present 
needs, with few if any imports required. No 
exports of iodine from Japan to China were 
reported in 1976, and figures on Chilean 
exports for the year are not available; 
however, any exports to China were proba- 
bly insignificant. 

Indonesia.—About 60,000 pounds of crude 
iodine was produced during 1976. This 
represented a decrease of 18% from the 
quantity produced in 1975. The Government 
of Indonesia and two Japanese firms, Ise 
Chemical Industries, Ltd. and Mitsui & Co., 
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are building an iodine operation that even- 
tually will have a productive capacity of 
600,000 pounds per year. 

Japan.—Japan, the foremost producer of 
crude iodine for the world market, outpro- 
duced its closest competitor, Chile, by near- 
ly five to one in 1976. Although production 
increased 2.196 over that of 1975, reaching 
15.3 million pounds, this total was 7% below 
the 1972 record of 16.5 million pounds. The 
softening of world iodine demand, which 
deteriorated through 1975, led to an accu- 
mulation of inventories into 1976; however, 
during 1976, this trend began to reverse, 
and reviving demand precipitated inventory 
withdrawals that were expected to continue 
through 1977. By 1978, inventories are like- 
ly to return to basic reserve levels. Japan 
increased crude iodine exports in 1976 by 
884,000 pounds. Export prices averaged 
$2.14 per pound, or 17.5% below the quoted 
market price of $2.59 per pound. Exports to 
the United States amounted to 4896 of the 
total of 12.2 million pounds of iodine ship- 
ped to 36 countries. The nine countries of 
the European Community bought 36% of 
Japan's iodine, and other significant mar- 
kets included Switzerland (490) Canada 
(2%), and Poland (1.5%). No iodine exports 
to the U.S.S.R. were reported for 1976, 
although in 1975, 3.5% of Japan’s export 
total went to the U.S.S.R. 

Ise Chemical Industries, Ltd., which pro- 
duces more than half of Japan’s iodine, 
clearly dominates the industry. All six pro- 
ducers operate on the Chiba peninsula, the 
original site of the industry, but only Ise has 
developed additional resources in other 
parts of the country. As irreversible subsi- 
dence problems caused by removal of the 
subterranean natural gas brines have 
forced well closings at Chiba, opportunities 
to increase industrial capacity are available 
to Ise, but not to the other producers. 
However, recent depressed-market condi- 
tions have inhibited Ise’s expansion plans to 
tne extent that the new Miyazaki plant is 
operating at only one-fifth of capacity and 
the proposed enlargement of the Niigata 
plant was never started. 

U.S.S.R.—Soviet iodine production ca- 
pacity is estimated at 3.8 million pounds per 
year. No iodine imports from Japan were 
reported for 1976, although imports of 
396,000 pounds were reported for 1975, 
therefore it is believed that the Soviet 
iodine industry is operating near capacity. 
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MEERSCHAUM: 


Crude meerschaum imported for con- 
sumption in 1976 totaled 1,200 pounds val- 
ued at $310, or $0.26 per pound, c.i.f. Source 
of the imports was West Germany. This was 
the first time since 1967 that the United 


States imported crude meerschaum from 
that country. Compared with 1975 data, 
imports declined 89% in quantity and 98% 
in value in 1976. 


QUARTZ CRYSTAL‘ 


Production of cultured quartz continued 
its upward trend, reaching 849,000 pounds 
in 1976, which was an increase of 17% over 
that of 1975. Consumption of cultured and 
natural quartz increased to more than 
349,000 pounds compared with 240,000 
pounds for 1975. Exports of cultured quartz 
climbed to a record 457,000 pounds. Pro- 
duction of finished crystal units rose to 
82,730,000 units, more than double 1975 
production. 


Legislation and Government Pro- 
grams.— The stockpile goal for natural 
quartz crystal was reduced to zero in Octo- 
ber. This action made 2,372,536 pounds of 
crystal available for disposal as of Decem- 
ber 31, 1976. Sales of stockpile excesses 
totaled 443,392 pounds in 1976. Some of the 
material sold from the stockpile was 
purchased and consumed by fused quartz 
operations. 


Table 3.—Salient electronic- and optical-grade quartz crystal statistics 
(Thousand pounds and thousand dollars unless otherwise noted) 


1972 1973 1974 1975 1976 
Production of cultured quartz ___ 2a 160 307 529 124 849 
Imports of electronic- and optical-grade natural 
quartz c : 
Quantity PEPEE E EE C ET A 65 104 389 NA NA 
Blü&. ore E es 83 $78 $92 $368 NA NA 
Exports of electronic- and optical-grade quartz 
τιν, NPE amu -s: 149 287 299 486 645 
C11! pp pp DL 81.228 $3,283 $4,398 $5,713 $10,908 
Natural: 
))) πρό οκ εκ TEES 90 205 166 813 188 
äl rcr te a es Z usss $587 $1,933 $1,634 $1,656 $1,626 
Cultured: 
)))) LM c M E ae: 59 82 133 173 457 
"lr Mc ESOS AC 8 $641 $1,350 $2,764 $4,057 $9,282 
Consumption of raw electronic-grade quartz 
"eO RE 189 249 285 . F240 349 
Nl eines Ee ZS 2 Ec 87 . 99 122 90 159 
Cultured |. Lud e eS eue le 102 150 163 F149 190 
Production piezoelectric units, 
nümber 2-5. ee ee eee Le thousands 25,555 21,006 35,541 39,545 82,730 
"Revised. NA Not available. 
Domestic Production.— The publication, Cultured Quartz production increased 


Arkansas Mineral Producers and Produc- 
tion 1976, prepared by the Arkansas Geolo- 
gical Commission, listed three companies as 
producers of natural quartz crystal: Quartz 
Processing Co., Hot Springs, Ark., 500,207 
pounds; Ocus Stanley, Mount. Ida, Ark., 
5,400 pounds; and Terry Mining Corp. Mid- 
west City, Okla., 7,695 pounds. The large 
quantity produced by Quartz Processing 
Co., is used primarily as lasca (lump quartz 
used as a feedstock for growing cultured 
quartz). 


from 724,343 pounds in 1975 to 848,688 
pounds in 1976. Production was stimulated 
by the continued interest in citizens band 
(CB) radios, and in electronic watches. The 
cultured crystals were produced for domest- 
ic and export markets. 

The eight producing companies reported 
consumption of 1,082,284 pounds of lasca. - 


3Prepared by A. C. Meisinger, industry economist. 
*Prepared by Stanley K. Haines, physical scientist. 
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The bulk of this material was imported 
from Brazil but production from Arkansas 
added to the total. 

The eight companies reporting produc- 
tion of cultured quartz were as follows: P. R. 
Hoffman Co., Carlisle, Pa.; Motorola, Inc., 
Chicago, III.; Bliley Electric Co., Cortland, 
Ohio; Sawyer Research Products, Inc., 
Eastlake, Ohio; Thermodynamics Corp., 
Shawnee Mission, Kans.; Western Electric 
Co., Inc., North Andover, Mass.; Electro 
Dynamics Corp., Shawnee Mission, Kans.; 
and Crystal Systems, Inc., Chardon, Ohio. 

Consumption and Uses.— Consumption 
of raw cultured quartz crystal increased to 
190,021 pounds, 28% over the 148,724 
pounds consumed in 1975. Natural quartz 
consumption increased 77% to 159,407 
pounds in 1976. Total consumption of natu- 
ral and cultured quartz was 349,428 pounds. 

Production and consumption data for 
1976 were derived from reports of 63 oper- 
ations. There were 37 crystal cutting oper- 
ations in 17 States. Of the total cutting 
operations, 22 cut cultured quartz only, 14 
cut both natural and cultured quartz, and 1 
company cut natural crystal only. Pennsyl- 
vania was the leading quartz-crystal- 
consuming State, followed by Kansas, Illi- 
nois, and Massachusetts. 

Finished crystal units were produced at 
54 operations in 20 States. Oscillator plates 
comprised 73% of production, followed by 
filter plates, (22%), and telephone resona- 
tors and other uses (5%). 

Stocks.—Total stocks of raw quartz cryst- 
al (cultured and natural) decreased from 
311,556 pounds in 1975 to 281,971 pounds . 
Of this total, 127,628 pounds was cultured 
quartz and 156,343 pounds was natural 
quartz. 
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Foreign Trade.—Exports of natural 
quartz from the United States declined 
40%, from 313,330 pounds in 1975 to 188,130 
pounds. The total value was $1,625,955, a 
unit value per pound of $8.65, up from $5.29 
in 1975. The principal countries of destina- 
tion were Japan, (53,680 pounds) Hong 
Kong (30,000 pounds) and Switzerland 
(21,095 pounds). 

Exports of cultured quartz increased 
165% to a record 457,410 pounds in 1976. 
The unit value was $20.29 per pound, a 
decrease of $3.20 per pound. Japan with 
321,369 pounds, Taiwan with 52,294 pounds, 
and West Germany with 19,883 pounds 
were the principal receiving countries. 

Imports of raw natural quartz crystal, 
valued at more than $0.50 per pound, 
decreased from 584,647 pounds in 1975 to 
187,248 pounds. This category includes both 
electronic grade and some lasca or lower 
quality material. Brazil was the source 
country for 9860 of this material. Imports of 
quartz valued at less than $0.50 per pound 
were 961,558 pounds valued at $185,401. 
Brazil supplied 4996, followed by Mexico 
(26%), and Canada (25%). 

World Review.—Brazil.—As in past 
years, Brazil was the leading world source 
for electronic-grade and lasca-grade quartz. 
The high prices for lasca set in 1975 have 
relaxed slightly but still remain considera- 
bly above the 1974 levels. 

Hong Kong.—Solider (Hong Kong) Ltd., a 
subsidiary of Solitron Devices, announced 
plans to increase output of finished crystal 
units to 500,000 pieces per year. New equip- 
ment is being added to enable the company 
to process raw quartz crystal through the 
various stages into finished crystal units. 


STAUROLITE5 


Staurolite is a naturally occurring min- 
eral of uncertain and variable composition, 
but with the general formula FeALSi; 
0, (OH). It occurs as reddish-brown to black 
opaque crystals with specific gravity of 3.65 
to 3.77 and hardness of between 7 and 8 
(Moh's scale). Staurolite begins to melt at 
2,800" F and has a high rate of thermal 
conductivity and a low rate of thermal 
expansion. 

Aside from a small rock-shop trade in 
cruciform-twinned crystals (sometimes call- 
ed fairy crosses) from some deposits in 


Georgia, North Carolina, and Virginia that 
are sold as curios or amulets, all the stauro- 
lite in the United States is produced com- 
mercially by E. I. du Pont de Nemours & 
Co., Inc. This staurolite is a byproduct of 
heavy minerals recovery from beach sand 
from a glacial age deposit in Clay County, in 
north central Florida. After caustic scrub- 
bing and drying, the staurolite is removed 
by electromagnetic separation. This stauro- 
lite concentrate, about 77% of which is 


5Prepared by W. Thomas Cocke, physical scientist. 
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mineral staurolite with uniformly sized, 
clean, and rounded grains, may contain 
minor proportions of various other min- 
erals; but has a nominal composition of 45% 
Al20s(min.), 18% Fe20s(max.), 3% Zr0;(max.), 
5% Ti0.(max.), and 5% Si0,. Although origi- 
nally marketed only for use in portland 
cement manufacture, it is now being mar- 
keted as a specialty foundry sand under the 
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trade name Biasill, and as a sandblast 
abrasive under the trade name Starblast.“ 

Quantitative production data are not re- 
leased for publication, but the 1976 output 
of staurolite was 2% over that of 1975. 
Shipments decreased 2190 in tonnage but 
increased 50% in price per ton over that of 
1975. 


STRONTIUM: 


Domestic consumption of strontium on a 
carbonate basis was estimated at 26,000 
short tons in 1976, representing a 73% 
increase from that of the previous year. 
Imports of strontium minerals increased 
65% from 1975 to 35,711 short tons in 1976. 
Imports of strontium chemicals, primarily 
from Canada, increased 73% compared with 
those of 1975. 
Legislation and Government Pro- 

grams.—Government stockpiles contained 
14,408 short tons of nonstockpile-grade cel- 
estite at yearend. This material has been 


declared excess, but legislation authorizing 
its disposal must be obtained before the 
material can be released for sale.’ 

Domestic Production.—Strontium min- 
erals have not been produced commercially 
in the United States since 1959. However, a 
number of firms produced strontium com- 
pounds from imported celestite, a strontium 
sulfate. Approximately 20,000 short tons of 
strontium carbonate was produced in 1976 
from which about 5,500 short tons of stron- 
tium nitrate was processed. 


Table 4.—Major producers of strontium compounds, 1976 


Company Location Compounds 
Atomergic Chemetals co Carle Place, N. KRK Various compounds. 
J. T. Baker Chemical Co Phillipsburg, N. TJ : 
Chemical Products Cord Cartersville, aa Carbonate. 
FMC Corp o e hueso eem Modesto, Calißf .. Carbonate, nitrate. 
King Laboratories, Ine Syracuse, N. Xx Metal alloys. 
Mallinckrodt Chemical Works St. Louis, Malo Various compounds. 
Mineral Pigments Cor Beltsville, Md ~~ _ _ Chromate, molybdate. 
NL Industries, Inc., Tam Div _____________- South Amboy, N. JJ Titanates. 


Consumption and Uses.—Domestic con- 
sumption of celestite on a carbonate basis is 
estimated at 26,000 short tons, up 73% over 
that of 1975. Although quantitative infor- 
mation concerning consumption is incom- 
plete, sales of domestically produced stron- 
tium carbonate to manufacturers of glass 
panels for color television picture tubes 
increased. Strontium nitrate consumption 
in the manufacture of pyrotechnics appear- 
ed to have stabilized. 

Miscellaneous applications for strontium 
compounds included ferrites, greases, cera- 
mics, plastics, toothpaste, pharmaceuticals, 
paint, electronic components, welding 
fluxes, and high-purity zinc. Small quanti- 
ties of strontium metal were produced by 
research companies. 

Prices.—At yearend, prices quoted in the 
Chemical Marketing Reporter were as fol- 
lows: Strontium carbonate-technical, bags, 
carlots, works, 18 to 18.8 cents per pound; 
strontium nitrate-bags, carlots, works, $24 


per 100 pounds (unchanged from 1975). 
Prices for strontium minerals are usually 
determined by direct negotiations between 
buyer and seller and are seldom published. 
The average value of imported strontium 
minerals at foreign ports was $41.61 per 
ton, up $3.40 from 1975. 

Foreign Trade.—Imports of strontium 
minerals totaled 35,711 short tons, a 65% 
increase from that of 1975. All the material 
was imported from Mexico and represented 
a 133% increase over 1975 imports of Mexi- 
can celestite. Imports of strontium com- 
pounds increased 73% above those of 1975, 
with 94% of the material coming from 
Canada. Imports of strontium carbonate 
were up 74%, and imports of strontium 
nitrate up 65% over those of 1975. Quantita- 
tive data on U.S. exports of strontium 
compounds were not available. 


Prepared by W. Thomas Cocke, physical scientist. 
7General Services Administration. ur Report to 
the Congress, October 1976-March 1971, p. 28. 
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Table 5.—U.S. imports for consumption of 
strontium minerals,! by country 


1975 1976 
Country bre Value prre Value 
(short d (short (mou 
tons) san tons) an 
Mexico 15,344 3613 35,711 $1,486 
Spain 6.269 213 "e SS 
Total ____ 21,613 826 35,711 1,486 


1Strontianite or mineral strontium carbonate and cel- 
estite or mineral strontium sulfate. 


Table 6.—U.S. imports for consumption of strontium compounds, by country 


Country 


Strontium carbonate, precipitated: 
po 
ja 2 
C —¼ 8 


World Review.— Canada. Kaiser Stron- 
tium Products, Ltd,, has shut down its 
strontium chemicals plant at Point Edward, 
Cape Breton Island, Nova Scotia.“ Technical 
problems and overcapacity in the strontium 
industry appears to have been the causes. 

Spain.—A study is being conducted per- 
taining to the mining of strontium salts and 
celestite near Granada.* 

Turkey.—A large deposit of celestite, with 
reserves in excess of 4 million tons, is 
located in the Vivas area.'^ Bilfer Maden 
Ltd., Sirketi, has an open pit operation 
capable of producing 10,000 tons of celestite 
(97% SrS0,) per year. Trial shipments have 
been made to Japan. 

United Kingdom.—The Bristol Mineral 


1975 1976 

Pounds Value Pounds Value 
25 ä 8,421,573 $1,538,751 
2.425 732 464, 685 61,513 
aos os 200 403 
et um 4 451 
5,115,411 870,568 8,886,462 1,601,124 
185,850 136,617 473,382 357,767 
€: κ. 40,000 19,655 
185,850 136,617 513,382 377,422 
725,740 166,442 1,178,500 276,065 
νο NOE 22,046 6,738 
125,140 166,442 1,200,546 282,808 
43,100 13,114 81,191 22,022 
5,181 13,800 ,205 6,562 
120,181 59,230 44,862 33,956 
4,409 1,533 21 444 10,283 
173,471 87,677 149,702 73,423 
6,200,472 1,261,304 10,750,092 2,334,112 


Co., Ltd., operators of the Yate celestite 
deposits, has recently undergone some sig- 
nificant reorganization." In order to raise 
the capital necessary for expansion, three 
new investors were brought into the com- 
pany. Bristol has received a large number of 
orders, particularly for carbonate, and is 
hoping to increase production still further. 
Ninety-five percent of its production is ex- 
ported. 


®Industrial Minerals. Company Report Highlights. No. 


116, May 1977, p. 14. 

*US. E mbassy, Barcelona, Spain. State Department 
Ai No. A-5, Feb. 16, 1977, p. 16. 

1°Tndustrial Minerals. Strontium Shuffle as Kaiser Pulls 
Out. No. 109, October 1976, p. 43. 

11Industrial Minerals. Yate Aims at World Markets. No. 
111, December 1976, p. 13. 
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Table 7.—Strontium minerals: World production by country 


(Short tons) 

Country! 1974 1975 1976P 
/ TED r e2 000 --- Ex 
PP ROW ³o unie a c LU Lu ee cy gs 1331 1.102 €1,100 
CONGR? uolui ο ο πο a LL te eri ⅛ð ete, eL enr EE 60,000 ,000 13,200 
Iran" o ο ο ou ος ο οκ y RI Sus 330 330 220 
ll!!! y 8 827 *800 770 
JJ ͤ⁰y0ĩũ ¼ ¼ JJ. EE ae 32,568 16,228 *36,000 

UT NANI 22 dd 8 400 1,121 7 
πι ρα Z ο ο 6 ο απών 8 9,370 8,818 *8,300 
United Kingdom nn 2,646 2,094 €2,200 
Total caaea aa RE a u r108,472 58,493 62,546 


*Estimate. Preliminary. Revised. 


1In addition to the countries listed, West Germany, Poland and the U.S.S.R. produce strontium minerals, but output is 
not reported quantitatively and available information is inadequate for formulation of reliable estimates of output levels. 


Wear beginning March 21 of that stated. 


Technology.—Globe Union has intro- 
duced a lead strontium alloy for use in 
maintenance-free  batteries.? The lead 
strontium system combines the best fea- 
tures of lead calcium and lead low antimony 
alloys. It exceeds the water loss capability of 
lead low antimony, without the manufac- 
turing problems inherent in the lead 


calcium systems. 

Kaiser Aluminum has developed an 
aluminum-silicon alloy containing stron- 
tium, which, it is claimed, improves the 
mechanical strength and ductility of finish- 
ed castings. The strontium is used in place 
of sodium. 


WOLLASTONITE'* 


Wollastonite is a natural calcium meta- 
silicate, usually white or light-colored, with 
a specific gravity of 2.87 to 3.09 and a Moh's 
hardness of 4.5 to 5. Ito 5. It theoretically 
consists of 48.3% lime combined with 51.7% 
silica. Wollastonite from selected deposits 
has found increasing use as an ingredient in 
ceramic mixes for glazes and enamels and 
especially for floor and wall tile; in the 
building industry for the production of 
mineral wool and cold-setting insulation 
foams, and as a pigment and extender for 
paints; as a filling agent for plastics, rubber, 
and asphalt products; in agriculture as a 
fertilizer and soil conditioner; and in a wide 
variety of other applications still being 
developed. 

Wollastonite was produced in the United 
States in 1976 from the underground mine 
operated by Interpace Corp., at Willsboro, 
Essex County, N. Y.; output tonnage was 


32% greater than in 1975, and the corre- 


sponding total value was 49% higher. Spe- 
cific output data were not released for 
publication. The company purchased addi- 
tional property containing reserves of 
wollastonite in early 1976 to supply the 
growing market. 

Chemical Marketing Reporter quoted 
wollastonite prices in bags, carlots, works, 
at $43.80 per ton for paint grade, fine, and 
$33.00 per ton for paint grade, medium, 
unchanged (both quotations) December 1971 
through early December 1976. However, the 
December 19, 1976, issue quoted prices as 
$124.00 per ton for paint grade, fine, and 
$107.50 per ton for paint grade, medium. 
The price range quoted in the December 
1976 issue of Industrial Minerals (London) 
for wollastonite (imported, ground, bagged, 
c.i.f. main European port) was approximate- 
ly equivalent to from $114 to $128 per ton. 


ZEOLITES!e 


The emergence of markets of sufficient 
size to make natural zeolite production 
more than sporadic did not happen in 1976. 
Several hundred tons, principally clinoptilo- 
lite, were mined at various sites, mainly to 
meet the demand for ammonia removal 


12Globe Union Inc. Report on the Annual Meeting and 
Results of the Three Months Ended Dec. 31, 1976. P. 2. 
13Metal Bulletin. No. 6138, Oct. 29, 1976, p. 26. 
Prepared by Michael J. Potter, physical scientist. 
ISIndustrial Minerals (London) Company Profile- 
Interpace Corporation. No. 102, April 1976, p. 55. 
16Prepared by Robert A. Clifton, physical scientist. 
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from the effluent of waste water treatment 
plants. 

Prices received for clinoptilolite varied so 
widely ($160 to $600 per short ton) that no 
pattern emerged. 

About 50 tons of natural chabazite was 
marketed by Union Carbide Corp. at prices 
well over $2,000 per ton, and Letcher & 
Associates offered pelletized, activated, nat- 
ural chabazite at prices between $1,040 and 
$1,480 per ton, depending on quantity. 

Some applications research into uses for 
natural zeolites was underway, both in the 
United States and abroad. The principal 
market areas being studied were agricul- 
ture, aquaculture, and waste treatment. 

ZEOLITE 76, an international confer- 
ence on the occurrence, properties, and 
utilization of natural zeolites, was held in 
Tucson, Ariz, in June. The total of 185 
engineers and scientists from 21 countries 
attending the conference was indicative of 
the great interest in these minerals. The 
potential markets for natural zeolites were 
discussed, among other things. It was de- 
monstrated that they can be used as inex- 
pensive, selective ion exchangers and sorb- 
ents in direct competition with the synthe- 
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tic zeolites. Uses foreseen were in the fields 
of energy development, pollution control, 
waste recovery, and animal nutrition. A 
paper that aroused considerable interest 
demonstrated that clinoptilolite and chaba- 
zite can be used to increase the efficiency of 
solar energy systems. 

The synthetic zeolite industry apparently 
continued to expand, and the emergence of 
a probable major new market highlighted 
the year. Both Henkel, G.m.b.H. in Dussel- 
dorf, West Germany, and the Proctor & 
Gamble Co., in Cincinnati, Ohio, announced 
new detergent formulations in which half of 
the phosphate levels would be replaced by 
synthetic zeolites. Henkel plans to manu- 
facture its zeolite in cooperation with De- 
gussa, G.m.b.H., and market it under the 
trade name Sasil.“ J. M. Huber Corp. will 
reportedly manufacture the zeolite for 
Proctor & Gamble in a 50,000-ton-per-year 
plant; it will sell for about $400 to $500 per 
ton. Two other companies were reportedly 
considering new zeolite capacity. 

The Bureau of Mines was preparing to 
initiate a survey to determine the number 
of potential mines and producers of natural 
zeolites. 


